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U Theearlierinfections occur inintrauterine life the mane severe are they. When the infection develops during
embryogenests, the lesions ave much more serigus, sometimes causing disruptions ( malformations). At this time
the organs are mot completely formed and micraorganisms may inlerfere unth organogenesis to suck an extent
that the development of the functions necessary for viability become impaired.

Infection acquired in utero may result in resorption of the embryo, aboriton, siillbirth. neonatal death,
intrauterine growth retardation (IUGR), or prematurity. The infected newbarns commonly are apparently
normal ai birth but they may develop a late onset disease. Otherwise, neonates presenting sympiomatology may
develop untoward sequelae.

Asmany fetuses die some time before birth, maceration isa frequent finding in still-
born autopsies (Figure 1). The macerated fetuses must be submitted to a complete
autopsy with microscopic examination of the more preserved organs. Inflamma-
tory cells (Figure 2A), viral inclusions and foci of calcification may be visualized
In most organs, even in fetuses with marked degrees of maceration. Less frequently,
itis possible to detect the etiologic agent (Figure 2B) or the viral inclusions.

Even though many pathologic features are similar in congenital infections
caused by different agents, there are important differences in pathogenesis and
pathologyv.

VIRAL INFECTIONS

Viruses consist of a core of either RNA or DNA, and they are protected by a
protein coat or capsid, possessing in some instances an outer envelope, a lipid bila-
minar membrane, derived from host cells. The nucleocapsid is the packaged form
of the viral genome. The virus particles transfer nucleic acids from one cell to an-
other. To survive, viruses must gain access to the interior of the host cell because they
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FIGURE 1. Congenital syphilis. A hidropic fetus with marked maceration.

require many of the host cell’s biosynthetic processes for replication. The virion is a
complete virus particle.
Viral infection of a cell can lead to any of several possible outcomes:

1. Nonproductive infection can develop with blockage of viral replication and the

viral genome may be lost from the cell.

Viral genetic information may become integrated as DNA in the cellular

genome or may persist as episomal DNA in these surviving cells.

3. Virus may become dormant with little viral gene expression resulting in a latent
infection.

4. Productive viral infection may result in cell death.

5. Infected cell may survive and continue to produce viruses at a low level,
resulting in a chronic infection [1].
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FIGURE 2. Congenital Chagas’ disease, Tissues from a fetus with marked maceration. (A) Skeleral muscle
présenting monornucléar cells dissociating the fibers (H&E, x400). (B) Presence of parasitized microglial cells
in the brain (H&E, x 1200).

One way of detecting virus replication in cells is to observe changes in cell struc-
ture or the viral cytopathic effect. Four of the most common effects of viral infection
are cell rounding and detachment of the structures, cell death, syncytium formation,
and inclusion body formation. The virus can induce cell death by two mechanisms:
necrosis and apoptosis (programmed cell death). During necrosis there is swelling
of the cell, disruption of organized structures, and lysis. During apoptosis, there is
DNA condensation and fragmentation, and cell shrinkage. The inclusion bodies or
factories are formed in the site of viral replication in the nucleus or in the cytoplasm.
They result from the accumulation of virions and other products of viral replication.
These structures help the pathologist in the recognition of a viral infection [1].

Viral dissemination in the fetus may occur through the bloodstream or within
nerves and the two processes are not mutually exclusive. Certain viruses present
both types of dissemination, such as the varicella-zoster virus. When the virus
reaches the fetal circulation it can travel either free or within lymphocytes or cells
of the monocyte-macrophage lineage. The vascular endothelial cells are susceptible
to viral infection and they may be responsible for the maintenance of viremia [2].

Acute viral infections of the central nervous system (CNS) are an important
cause of fetal morbidity. Many pathways of viral spread to the CNS may occur. No
free passage of the virus through the capillary wall of the cerebral microvasculature
is possible because the capillary endothelial cells have tight junctions with an under-
lying dense basement membrane. Viruses can spread from the bloodstream to the
CNS through fenestrated choroid plexus microvascular endothelial cells to enter
the stroma of the choroid plexus. They can infect the choroid plexus epithelial cells
that have direct contact with the cerebrospinal fluid. The infected cerebrospinal
fluid may contaminate the ependymal cells lining the ventricles and, subsequently,
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the adjacent brain tissue. Another pathway of viral spread to the CNS is through
a primary infection of the endothelial cells of the cerebral vessels. Diapedesis of
virally infected leucocytes may provide another mechanism by which viruses can
cross the endothelial cell [2].

CONGENITAL RUBELLA

Rubella is caused by an RNA virus of the Rubivirus genus (family
Togoviridae). The virus causes either a benign exanthem occurring predominantly
in children, or a transplacentally acquired infection. The frequency of fetal involve-
ment in congenital rubella depends on the time of maternal infection. During the
first two months of gestation the majority of the products of conception are infected.
The rate of fetal infection falls after the 11th week of gestation to reach a low of
95 10 33% during the second trimester; it raises again near term [3].

Sequelae are seen in 67 to 85% of neonates infected in the first trimester [3]
The disease is more severe and disseminated, and disruptions or reaborption of
the embryo may occur during the first 2 months of pregnancy. The fetus may be
spared in cases of placental infection. The protection given by the placenta against
infection is highlighted by the fact that only one identical twin may be infected. It
has been postulated that dissemination of the rubella virus to the fetus occurs
through embolization of virus infected chorionic endothelial cells. Nonetheless,
the virus also can be transported inside blood cells [4].

The early lesions of congenital rubella are caused by cytolysis, inhibition of cell
growth, and interference of the blood supply due to widespread vasculitis. However,
the most important pathogenic mechanism is related to the interference of the
blood supply. The vascular lesions are severe and disseminated, and they have
been implicated in the genesis of the anomalies observed in congenital rubella.
Researchers assume that the cytopathic effect of rubella virus is not as important
as those observed in other viral infections. This is supported by the observations
that the virus presents a low destructive potential or no cytopathic effect for cells
growing in vitro [4].

The precise mechanism of rubella viral teratogenesis remains unknown but is
likely to be multifactorial. Among favored hypotheses is that the direct effect of
virus replication on clones of embryonic cells and their progeny during critical
stages of ontogeny of specific fetal organs gives rise to the wide range of abnormal-
ities that together comprise the congenital rubella syndrome [3]. Some studies have
shown that chronically infected cells present chromosomal breaks, reduced cellular
multiplication time, and increased production of a protein inhibitor that causes mi-
totic arrest in some cell types. Also, rubella virus interferes with mitosis through
an adverse effect on actin microfilament and, also interferes with the cell receptors
to specific growth factors. Slowing of the mitotic rate along with death of some cells
during organogenesis might help explain, at least in part, the pathogenesis of con-
genital defects and of the cell number reduction observed in infected fetuses [4].



Hematogenous Infections of Fetus and Newborn 357

A number of mechanisms such as persistence of viral infection, virus reactiva-
tion, immunological abnormalities, and vascular insuficiency are considered to be
implicated in the genesis of the late onset lesions of congenital rubella. The hallmark
of rubella infection is its chronicity with the tendency for virus to persist throughout
fetal and postnatal life. More than 80% of newberns eliminate a great quantity of
virus through nasopharyngeal secretions and urine, and 3% present persistent
viral elimination up to 20 months of age. This persistence explains the progressive
and protracted course of this infection [3]. The progressive and fatal panencephali-
tis that occurs during the second decade of life is considered to be the result of
rubella virus reactivation after many years of latency. Immunologic abnormalities
result from the persistent presence of immune complexes and autoantibodies [4].
Autoimmune mechanisms may cause hyperthyroidism, hypothyroidism, or thyroi-
ditis in 5% of patients congenitally infected. Hypertension and retinopathy are
example of rubella complications due to vascular changes. Certain HLA types
and other genetic factors also have been considered in the pathogenesis of postnatal
complications of rubella [4].

Pathology

Abortuses and stillborns show at autopsy generalized involvement frequently
associated with organ hypoplasia. However, hepatosplenomegaly can be observed
[4] Thickening of the intima of the aorta and other large elastic arteries has
been reported. Disruptions are observed in cases of early gestational infections [5].
In the study of 44 autopsies of congenital rubella, Garcia and Lana found the
following frequency of malformations: cardiovascular 72% (Figure 3, digestive
25%, external 25%, urinary 18%, respiratorv 11%, and of the CNS 9%

FIGURE 3. Congenital rubella. Heart with ventricular septal defect. Presence of a fbrotic nodule partially
‘obliterating the defect.



e

358 4. L. Bittencourt and 4. G. P, Garcla

FIGURE 4. Congerital rubella, Agenesis of the cerebellar Vermix.

(Figure 4) 6} Cardiovascular and digestive anomalies found in this study are listed
;nTables 1 and 2.

In contradistinction to other viral infections, cellular necrosis and secondary
inflammation are rarely marked in congenital rubella, althougha generalized vas-
culopathy predominates. Sometimes the lytic lesions manifest only as jsolated
injured cells. Necrotizing angiopathy of small blood vessels consitutes the most
characteristic patterh of early lesions. Focal cellular necrosis and secondary inflam-
mation are observed less commonly in various organs. The inflammatory infiltra-
tion consists mainly of lymphocytes: Both polymorphonudear leucocytes and
plasma cells are generally lacking, As the lesions are Progressive; both fibrotic and
active inflammatory lesions are found [4} Intimal fibromuscular proliferation

Patent ducws-arteriosus
isolated
associated with ventricular septal defect, atrial septal defect,
or aoTtic coarclation
Terralogy of Fallot 4
Vascular malformations (persistence of the left

TABLE 1. Cardiac Malformations in Congenital Rubella [6]
8

superior vena cava, anomalies of theleft subclavian artery, 4
and the renal artery)
Hypoplasicleft heatt 3
Ventricular septal defect 2
Truncus arteriosus 2
Transposition of the great vessels 2
Endocardial cushion defect 1
32

Total 2
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TABLE 2. Malformations of the Gastrintestinal Tract in Congenital Rubella [6]

Isolated defects
Tracheoesophageal fistula
Duodenal atresia
Imperforate anus
Persistent cloaca
Malrotation of the small bowel
Multiple defects
Rectourethral fistula and imperforate anus
Duodenal atresia and imperforate anus
Ectopic anus and malrotation of the intestines
Toral 11
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(Figure 5) is the main vascular lesion seen after the acute stage of the disease. More
commonly, the vascular lesions are devoid of inflammation and calcification. They
involve both the pulmonary and systemic systems, occurring predominantly in the
aorta and pulmonary and major branch arteries such as the coronary, renal, and
iliac vessels. Smaller muscular arteries also may be involved though less frequently.
Changes in the media and internal elastica are rare [7]. Arterial stenosis may play
an important role in the pathogenesis of the congenital rubella syndrome. Hyper-
tension from narrowing of the renal arteries and infarcts with myocardial fibrosis
results from coronary artery stenosis [6, 7). Nodular thickening and distortion of
the heart valves also may be observed in congenital rubella [7]. Other lesions
described in congenital rubella include pneumonitis and myocarditis [5].

The CNS lesions are very important because the most severe sequelae of con-
genital rubella are mental retardation and sensory and motor deficits. Chronic

FIGURE 5. Congenital rubella. Branch of the pulmonary artery showing intimal thickening and reduction of
the lumen (H&E, x125),
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lymphohistiocytic meningitis and encephalitis can be observed. Encephalitis is
characterized by foci of glial proliferation along with perivascular lymphocytic
infiltration. Necrosis and mineral deposits in capillary walls and in pericapillary
tissues may be seen. The lesions occur particularly in the basal ganglia and mid-
brain and less frequently in the cerebral cortex [3].

Hypoplasia of the thymus and of the thymus-dependent lymphoid ussues are
frequent findings in fetal autopsies. The thymus has small lobules separated by
fibrous septa, severe lymphoid depletion, and lack of differentiation into cortex
and medulla. Hassall’s corpuscles are absent, cystic, or calcified (Figure 6) [8]
The spleen may present depleted lymphoid tissue and extramedullary hematopoi-
esis [5]. The characteristic macular dark red skin lesions that led to the designation
blueberry muffin baby consist of dermal erythropoietic cell clusters [4].

Besides hematopoiesis, hepatocyte swelling, cholestasis, portal phlebitis,
proliferation of biliary ducts, and giant cell transformation of hepatocytes
have been described in the liver. Periportal fibrosis is a late manifestation of
infection. Bone lesions occur in the epiphyseal and metaphyseal growth
zones. The ingrowth of capillaries into the maturing cartilage columns is irre-
gular and incomplete resulting in abnormal osteoid trabeculae with deficient
mineralization [3].

Cataract is a common finding in congenital rubella. Through reverse transcrip-
tion polimerase chain reaction (RT-PCR) Bosma et al. detected rubella virus
RNA in formalin-fixed or cryopreserved lens aspirates obtained from congenitally
infected children [9]. Cataractous lenses are spherical and pyknotic nuclei can be
found in the lens nucleus. Other ocular microscopic changes are iritis, pigmentary
degeneration in the ciliary body, and degeneration of retinal ganglion cells.

FIGURE 6. Congenital rubella. Atrophy of the thymus lobules; depletion of lymphocytes. absence of Hassall
corpuscles, and presence of foci of calcification (H&E, x40).
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Neovascularization of the retina, glaucoma, and fibrosis of the conjuntiva may
* develop later. Microphthalmia also can be observed [3, 10].

The diagnosis is generally made taking into account the history of recent
maternal infection, the serologic reactions, and the pathologic observations in the
autopsy. Confirmation can be achieved by isolation of the rubella virus from placen-
tal or fetal tissues or by RT-PCR using formalin-fixed paraffin embedded fetal
ussues [4, 9].

CYTOMEGALOVIRUS

Cytomegalovirus is a member of the family Herpesviridae, that also includes
herpes simplex types 1 and 2, varicella-zoster virus (VZV), Epstein-Barr virus
(EBV), and human herpesvirus 6 (HHV-6). A characteristic common to all herpes-
viruses is their ability to establish latency:

Intrauterine transmission of CMV infection occurs in 30 to 40% of pregnant
women with primary infection. However, it may also result from maternal reinfec-
tion [11]. Infection by CMV acquired in utero may be asymptomatic. Fewer than
5% of congenitally infected infants develop symptoms during the newborn period.
Cellular functions does not seem to be significantly impaired after viral penetra-
don. The infected cells may retain viability despite continuous viral shedding.
Adequate control of infection requires intact host immune response. Many immu-
nologic mechanisms are involved in the pathogenesis of GMV infection [12]. As a
consequence of persistent viral replication, a prolonged humoral response results
in the formation of immune complexes that may be deposited in the renal glomeruli
resulting in glomerulonephritis. Another indirect mechanism of cellular damage
consists of lysis of infected cells by a cell-immune-mediated-reaction [11].

Pathology

The lesions in CMV infections are caused by the viral cytopathic effect or by
vascular lesions [12]. The inflammation is associated with necrosis that leads to
marked dysfunction of the involved structures [1I]. The inflammatory infiltrate
consists of lymphocytes, plasma cells, and macrophages. Cytomegalic cells with
inclusions frequently are seen in recent lesions. The typical cytomegalic cell is swol-
len, with an enlarged nucleus distended by a huge inclusion that is separated from
the nuclear membrane by a nonstaining halo (owls eye). Inclusions also may be
seen inside the cytoplasm as small, round, PAS-positive structures. They are argyro-
philic with the Gomori’s methanamine silver stain [12].

Disseminated disease can occur in the infected fetus but may sometimes in-
volve only the CNS. Thickening and loss of transparency of the leptomeninges
and extensive areas of parenchymal destruction are seen in the CNS (Figure 7).
The following abnormalities may occur as sequelae: microcephaly, cerebral
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FIGURE 7. Congenital CMV infection. Extensive areas of hémorrhagic necrosis in the cerebellurm and cere-
braltrunk.

asymetry, microgyria, lissencephaly, poroencephaly, and encephalomalacia. Glio-
sis secondary to necrosis around the aqueduct of Sylvius may cause narrowing or
obstruction of the aqueduct, resulting i a triventricular hydrocephalus. The
CMV encephalitis involves the gray as well as the white matter and may consist
of focal accurnulations of microglial cells associated with extensive necrotic areas.
The lesions predominate in the periventricular areas of the lateral ventricles but
may extend to the ependymal epithelium and choroid plexus. The necrotic areas
are later replaced by gliosis and calcification. Periventricular calcification consti-
tutes a radiologic pattern suggestive of CMYV infection but it may occur in other
areas of the brain. A complete desorganization of the cerebellar cortex, with
adherence of gyri is seen in Figure 8. Typical cytomegalic inclusions may be
observed throughout the CNS [1I]

Other abnormalities present in CMV infection are retinochoroiditis and 1n-
flammation of the optic nerve and auditory structures. Many ocular deformities
may constitute sequelae of lesions that occurred early m intrauterine life, such as
colobomas, microphthalmia, and cataract [1].

Evidence of dysmaturity and interstitial infiltration of lymphocytes and plasma
cells are found in the lungs. Cells of the alveolar wall and bronchial epithelium
may contain viral inclusions.
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FIGURE 8. Congenital CMV infection. Cortical cerebellar with adherences between the folia and des-
organization of the tissue (H&E, = 123).

Hepatosplenomegaly frequently is observed. Areas of necrosis, sometimes
with desorganization of the hepatic architecture, may be seen in the liver asso-
ciated with portal inflammatory infiltration. The inflammation may cause
destruction of the biliary ducts resulting in cholestasis due to paucity of the
intrahepatic biliary ducts. Hepatic CMV infection may be associated with extra-
medullary hematopoiesis, fibrosis, cholestasis, and iron deposition in hepatocytes.
Iron deposition also may be seen in other organs [13]. The spleen shows extra-
medullary hematopoiesis, congestion, and diminished size of the lymphoid
follicles [11].

Enterocolitis due to congenital CMYV infection may cause multiple strictures,
ulceration, and perfuration. The intestinal involvement may constitute the only
manifestation of congenital CMV [14]

‘Cytomegalic cells are frequently seen in the renal tubules (Figure 9), especially
in the distal convoluted tubules and the collecting ducts, associated with an intersti-
tial inflammatory infiltrate. Inclusions may also be detected in many other organs.
Extramedullary hematopoiesis is also observed in the kidneys [11].

The diagnosis of CMV infection is made by the identification of the typical
mclusions as well as taking into account the maternal serologic data. In cases
without the typical inclusions, the presence of the CMV can be demonstrated by
immunohistochemistry or in situ hybridisation using monoclonal antibodies or
specific probes anti-CMV. These techniques can be performed in fresh and in par-
affin-embedded tissues. According to Lack et al., the diagnostic yield of immuno-
histochemistry using monoclonal antibodies to immediate early antigens in
equal to or perhaps greater than that of in situ hybridization for active CMV
infection [12].




364 A. L. Bittencourt and 4. G. P Garaia

FIGURE 9. Congenital CMV infection. Renal tubules withviral inclusions type owl-gye (H&E, % 560}

HIV-1 INFECTION

HIV-1 transmission from mother to child can occur in utero, intrapartum, or
postnatally. Estimates indicated that 35% of cases were infected in utero [15]. How-
ever, zidovudine treatment of mothers was associated with a reduction in the trans-
mission rate of nearly 66% [16].

Infection of the placental villous macrophages has been well documented.
These cells may enter the fetal circulation and infect circulating fetal cells or
endothelial cells [17].

No manifestations of HIV-1 infection are observed at birth. Tovo et al. following-
up 529 infected children observed that 81.8% of them developed acquired immuno-
deficiency syndrome (AIDS) at a median age of 5 months [18]. The manifestations
of AIDS will not be treated in this article.

Some transplacentally acquired infections present a higher frequency of verti-
cal transmission when there is HI'V co-infection [19-21]. Investigators have observed
that the frequency of congenital syphilis among infants born to HIV-seropositive
women 1s almost 30 times that of the general population [20]. The prevalence of
congenital CMV in children born to HIV-infected mothers is 64% higher than
the prevalence in the general population [21]. Zanetu et al. followed up 116 babies
of Hepatitis C Virus (HCV) positive mothers and only the mothers co-infected
with HIV transmited the HCV infection: 5 babies were only infected with HCV
and 3 others were co-infected with HCVand HIV [19]

Some HIV-infected babies that manifest symptoms of tuberculosis, syphilis,
and CMV infection in the neonatal period subsequently present rapidly progressive
HIV- infection and early death [22]. In addition, there are reports of co-infection
HIV/CMV and HIV /tosoplasma causing devastating CMV infection and toxo-
plasmosis in the newborn [23, 24].



Hematogenous Infections of Fetus and Newborn 365

VIRAL HEPATITIS

A, B, C, D, and E types of hepatitis virus are grouped together because their
target organ is the liver. To date no consistent relationship between hepatitis G
virus (HGV) and acute or chronic liver disease has been demonstrated [25].
Transplacental transmission of hepatitis B virus (HBV) and hepatitis C virus
(HCV) has been well documented [26—28]; however, the vertical transmission
may also occur at the time of delivery or postnatally. Reports about transplacen-
tal transmission of hepatitis A virus (HAV), hepatitis E virus (HEV), and HGV
are rare [29-3l].

Sharma et al. found transplacental transmission of HBV in 50% of HbsAg-
positive mothers [27]. The frequency of vertical transmission of HBV is higher when
acute hepatitis occurs in the third trimester [32]. Once infected, infants usually
remain HBsAg carriers indefinitely. The transplacental transmission of HBV may
OCcCur in successive gestations [26].

HBV is a hepadnavirus that canses acute or chronic hepatitis but many HBV-in-
fected individuals are asymptomatic carriers. Chronic hepatitis may develop into
cirrhosis. Furthermore, HBV plays an important role in the development of hepato-
cellular carcinoma. Recently, through molecular studies, HBV has been incrimi-
nated in the genesis of congenital or early acquired cataract [33].

The infected hepatocyte may harbor HBsAg, HBcAg, and HbeAg, antigens
that can be demonstrated in tissues by immunohistochemistry. HBsAg is synthe-
sized during viral replication but may be synthesized in the absence of viral replica-
tion. The HBeAg is usually detectable when a large quantity of viral replication
is taking place. Vertical transmission is much lower in HBsAg-positive—HBeAg-
negative mothers than in HBeAg-positive mothers [34].

Molecular studies have shown that besides the liver, other organs may be
infected with HBV, notably lymphoid tissues. HBV does not directly affect hepato-
cytes. There is much evidence that the main mechanisms of liver cell damage are
immunologic resulting in hepatic necrosis and inflammation. [35].

The pathogenesis of liver damage in HCV remains speculative. A body of
evidence indicates that the pathologic lesions result mainly from an interaction of
the patient’s immune system with hepatocytes displaying viral antigens on its
surface [33].

The risk of vertical HCV transmission is higher in infants of HCV-positive—
HIV-positive mothers. In a wide review of the literature about the frequency
of mother-to-infant HCV transmission that included 77 studies, Yeung et al
concluded that the rate of transmission of HCV is 221% among HIV co-
infected mothers and only 4.3% among HIV-negative women [36]. Another risk
factor for increasing the vertical transmission rate of HCV is maternal viremia
greater than 10° copies/ml [36]. It has been observed that HCV-RNA detected
in the newborn blood soon after birth may disappear later [36, 37]. This fact
has been observed in 17% of all reported cases of HCV vertical transmission
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and could be interpreted ‘as either clearance of HCV infection or transient
viremia [36].

Most infants vertically infected with HCVare asymptomatic. However, only 2
few of these infants underwent liver biopsy, and most of the hiopsies showed evi-
dence of chronic hepattis. In Egypt a worse outcome was observed. In the follow
up of 20 HCV-RNA positive infants, 4 died of severe liver disease by 6 months of
age, and the remaining were chronically sick with liver disease [36].

Fetal infection in HAV is rare. Leikin et al. described fetal ascitis and subse-
quent meconium Pperitonitis in a fetus whose mother developed hepatitis A at
20 weeks gestation. The infant did well [29]:

Vertical transmission of HGV generally occurs in mothers co-infected with
HIVor HCV [30], but HGV does not seem 10 induce hepatitis in children [38].

Khuroo et al. detected HEV-RNA by PCR in cord or birth blood samples of
5 newborns [31]: 1 baby was icteric at birth and 2 presented elevated ALT that sug-
gested anicteric hepatitis. The other 2 were hypothermic and hypoglycaemic and
died within 24 h of birth. Postmortem liver biopsy m one revealed massive hepatic

TIECTOSIS.

Pathology

Among HBsAg-positive neonates an increase in the frequency of prematurity
and low-birthweight is observed [26, 34].

Liver biopsies of perinatally infected children, probably including some conge-
nital cases, show an intact limiting plate and lobular architecture and small foci of
parenchymal cytolysis that contain inflammatory cells. The hepatocytes are uri-
formly hydropic effacing the lver cord architecture and imparting a cobblestone
appearance to the parenchyma. Less frequently, fibrosis without bridging is
observed [32]:

Severe or fatal hepatitis B in the neonate rarely has been described; 1t may be
rmore likely to occur when the mother is an asymptomatic HbsAg carrier [26, 34).
Lachaux et al. described a case that developed a cholestatic giant cell hepatitis that
persisted until death at the age of 5 months [26]. A case of intrauterine infection
by HBV associated with nonimmunologic fetal hydrops has been described.
The mother suffered from an acute HBV infection and was HbsAg- and HbeAg-
positive [39].

Demonstration of HBsAg in liver biopsies either by specific immunohistochem-
ical or by nonimmunologic methods such as orcein or Victoria blue stain serves
to distinguish the ground-glass hepatocytes of chronic HBV infection. HBsAg 1s
observed in chronic hepatitis and only rarely in the acute type of hepatitis. Molecu-
lar hybridization techniques also demonstrate the presence of HBV-DNA in the
hepatocytes [26].

HCV antigens and the HCV genome have been demonstrated in liver tissue
biopsy, but the reagents are not currently suitable [35].
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VARICELLA ZOSTER INFECTION

Varicella zoster virus (VZV), a member of the Herpesiviridae family, causes a
primary and acute chickenpox (varicella) infection and a recrudescent disease,
the herpes zoster infection.

The primary infection generally is rapidly controlled by T-cell-mediated
immunity; however, when infection occurs in the few days immediately before de-
livery in a nonimmune mother a risk of developing a disseminated illness exists. If
the mother’s rash begins more than 4 days before delivery, the infant usually pre-
sents only skin lesions because of the transference of specific antibodies [40]. Later,
viral reactivation may occur leading to the appearance of a dermatomal exanthem
(herpes zoster). The latency period between primary infection and zoster 1s shorter
when varicella occurs in prenatal life. Fetal infection may occur during maternal
varicella or maternal herpes zoster; however, it is more frequent in the course of
gestational varicella infection [41]

When infection occurs early in gestation, the fetal effect may be catastrophic
with the development of a constellation of anomalies known as congenital varicella
syndrome. Newborns with acute disease may present with generalized lesions or
only a varicelliform rash. Asymptomatic congenital varicella may be recognized
by the early occurrence of herpes zoster in infancy [41]

The varicella syndrome consists of a combination of cicatricial skin lesions in
dermatomal distribution, eye defects, limb hypoplasia, and defects of the nervous
system. The most frequent abnormalities are the cicatricial lesions believed to be
the result of intrauterine zoster. Bone abnormalities have been attributable to a
neuropathy caused by the direct viral invasion of the dorsal root ganglia and
spinal cord; many patients present cercbral cortical atrophy, mental retardation,
or both [41].

An extensive neuronal loss from the anterior columns of the spinal cord and
complete atrophy of the ganglions corresponding to the distribution of the skin
lesions and affected limbs are observed at autopsy. The microscopic findings of the
atrophic muscle fibers of the limbs are consistent with denervation changes [42].
Severe involvement of the brain may result in hydrocephalus, extensive cortical
atrophy, cystic encephalomalacia, and hypoplasia of the brain stem. Microsopi-
cally, 2 marked destruction of the gray and white matter, areas of cystic degenera-
tion, inflammation, and gliosis along with ulceration of the ventricular lining are
observed in these cases [42, 43]. Extensive necrotic areas with calcification have
been described in the brain of a premature infant whose mother had varicella at
7 months of gestation. The lesions involved cortical, subependimal, and basilar
cerebral structures and the cerebellar cortex [44] The cerebral atrophy and the
cystic encephalopathy are secondary to a necrotizing encephalitis. The proliferative
process following a previous destructive ependymitis is the cause of obstructive
hydrocephalus [43]. Massive malformation of the cerebral hemisphere can consti-
tute the only lesion in congenital varicella syndrome [43].
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In the-varicella syndrome widespread lesions can be observed as fibrotic areas
or inflammatory changes in the heart, liver, lungs, adrenals, and pancreas [43].

The ocular abnormalities deseribed in order of frequency are chorioretinitis,
anisocoria, microphthalmia, and cataract. In the limbs, hypoplasia, absence of
digits, talipes equinovarus, or calcaneovalgus have been reported [41]

Ulcerations can be observed in the gastrointestinal tract and are the cause of
intestinal fibrosis and strictures that have been described [42, 44]. Mucosal fibrosis
of the trachea and bladder are the result of healed ulcerations [42}.

Other aspects not frequently observed in the varicella syndrome are hydrone-
phrosis and hydroureters [42]. Besides motor or sensory defects, survivors may exhi-
bit decreases or absences of deep tendon reflexes, Horner syndrome and anal and
vesical dysfunction. These manifestations are the result of cervical or lumbar spinal
cord lesions that also are responsible for hypoplasia or aplasia of limbs and digits [41].

Pathology

In the acute and generalized infection the skin, liver, and lungs (Figure 10) are
always involved. Less commonly, lesions are seen in adrenals, digestive tract, thy-
mus, and kidneys (Figure 10). In the skin the lesions are neerotic and hemorrhagic.
Histologically the necrotic areas are surrounded by few epithelioid and mono-
nuclear cells but sometimes an inflammatory reaction is not detected (Figure 11).
Varicella pneumonitis, fulminant hepatitis, and disserminated intravascular coagu-
lation constitute causes of death of perinatal VZV infection [40]. The skin lesions
are similar to those observed in herpes zoster (Figure 19) and herpes simplex, but

not in vaccinia [41]
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FIGURE 11. Scetiopalthe himgola omcesed fetns with congenital varicellin Seearea ol necvosis with contrad
caleilication (FI& I, 2 125),

The pathologic findings can be confirmed by viral culture or through the b
demonstration of VZV antigen in fetal organs [40]. Besides detection of the VZV,
DNA can be achieved in fetal tissues by PCR [43].

HERPES SIMPLEX )

There are two types of herpes simplex virus (HSV: HSV type | (HSV-1) and
type 2 (HSV-2). They usually infect at different sites. HSV-1 causes a primary infec-
tion in the oral mucosa (gingivostomatitis) establishing latency in the sensory neu-
rons of the trigeminal ganglion. HSV- may also spread along neuronal pathways

FIGURE 12. Congenital herpes simplex: A multiloculated intracpidermal vesicle with necrotic keratmocytes,
some of them with intranuclear inclusions (arrows ) (H&E, x 360
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into the CNS resulting in severe encephalitis. HSV-2is generally acquired as a sexu-
ally transmitted infection. After the primary infection, replication of the virus at
the portal of entry, usually oral or genital mucosal tissue, results in infection of sen-
sory nerve endings, and the virus is transported to the dorsal root ganglia, where it
establishes a latent infection. Viral replication leads to cellular ballooning and
multinucleation and originates intranuclear inclusions [46]. :

Infection of the fetus or newhorn may be acquired in utero, intrapartum or
postnatally, although intrapartum transmission ‘accounts in 85-90% of all cases.
Clongenital infection is rare and may occur by the ascending or the hematogenous
route [46]. Routine placental examination 13 mandatory to prove the exact means
of HSV congenital transmission.

Pathology

Most of the infected newborns are born prematurely. Infection may also consti-
tute cause of abortion [46]. The disseminated form of infection generally involves
liver (Figure 13), adrenals, lungs, brain, and heart. Hemorrhagic necrosis is the pre-
dominant aspect observed but lymphocytic infiltration can also be seen. These
lesions cause extensive destruction [46]. Secondary to necrosis, extensive areas of
calcification can occur (Figure 14).

Intrauterine herpes simplex may appear as cutancous vesicles or sears, eye
Jesions, and severe CNS abnormalities such as microcephaly and hydranencephaly.
The main ocular changes are keratocorjuntivitis and chorioretinitis. In the skin bal-
looning degeneration of keratinocytes and intracellular edema are observed in the
epidermis leading to the formation of an intraepidermal vesicle [46]. The necrotic
keratinocytes present multinucleation and intranuclear inclusions (Figure 12).

FIGURE 13. Liver in congenital herpes simplex. There are necrotic hepatocytes, some of them presenting
intranuclear inclusions. There is a mononuclear infiltration in the portzl area (H&E, x 360}, -
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FIGURE 14. Auraborius with herpes simplex. An extensive arca ol caletfication is scen inthe endocardium,
myoearelivm, e opreardiom (H&E, x40,

The diagnosis can be made through the finding of balloon cells with inclusions
in tssues in H&E stained sections. Viral cultures or typing of HSV-1 and HSV-2
by immunohistochemistry techniques can be used to prove the diagnosis [47]. Her-
pesvirus DNA may be detected in paraffin sections of formalin-fixed organs by
PCR [48].

PARVOVIRUS B19 INFECTION

Parvovirus is one of the smallest of the DNA viruses that infect mammalian cells.
BI9 is the only known pathogenic parvovirus in humans. Transmission of the virus
occurs in approximately one-fourth to one-third of cases and it may occur at any time
during gestation. Parvovirus Bl9 may be responsible for 7-15% of all cases of non-
immune hydrops [49, 50], intrauterine deaths, and spontaneous abortions, although it
1snot considered a common cause of congenital abnormalities and neonatal deaths [50].

The presence of a specific cellular receptor, the erythrocyte Pantigen, is consid-
ered to be necessary for susceptibility to parvovirus infection. Individuals who do
not have this receptor are naturally resistant. P antigen is present not only on ery-
throcytes and erythoblasts, but also on megakaryocytes, endothelial cells, placental
cells, fetal liver, and heart cells that also may be infected [51].

Human erythroid progenitor cells in the bone marrow are the principal target
cells, and infection results in lysis and aplasia. The fetus may develop a severe
intrauterine anemia and nonimmune hydrops, because fetal erythrocytes have a
short survival time and fetal development requires a rapid increase in the erythro-
cyte pool. The pathologic changes are the consequence of hypoxic damage to
multiple organs with increased capillary permeability. Chronic, severe anemia also
may increase cardiac output and subsequently result in high output heart failure.
Alternatively, myvocarditis may precipitate heart insufficiency. Lysis of erythrocytes
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in the liver may cause hemosiderin deposition and fibrosis [50). When the virus
crosses the placenta especially early in gestation, a high risk of fetal death exists,
however, fetal infection may be associated with a normal outcome [52] and fetal
hydrops may resolve spontaneously [53].

Pathology

Most of the B-19-associated fetal deaths occur during the second trimester of
gestation. The fetuses are generally hydropic and anemic. Visceral pallor and enlar-
gement of the liver and the spleen are the most frequent internal abnormalities.
A skin rash called blueberry muffin skin can be rarely observed and represents foci
of extramedullary hematopoiesis. The heart may be normal or symmetrically
enlarged and the thymus is abnormally small [50].

The characteristic intranuclear inclusions are seen in the erythroid precursors
within the lumen of vessels in most organs. In H&E stained sections, the nuclei
present a marginated and darkly stained chromatin and the center of the nuclei 1s
lighter in color with a smooth and glassy appearance. In some inclusions a popcorn
profile with blebs of basophilic material projecting from the nuclear surface are ob-
served (Figure 15A). The inclusions can be observed even in macerated fetuses,
and are more frequent in the lungs, liver, and brain [54]. Perivascular or diffuse
mononuclear infiltration, necrotic foci in skeletal and smooth muscle cells and
cardiac cells along with focal vascular endothelium damage have been observed
[54-56]. Focal areas of dystrophic calcification and fibroelastosis have been de-
scribed in the heart [53; 54]. In the lungs a diffuse or focal interstitial mononuclear

FIGURE 15. Lung of 2 macerated hydropic fetus with parvoviresis. (A) Sec in some inclusions (arrow) a pop-
corn profile with blebs of basophilic material projecting from the nuclear surface (H&E, %1200, (B) Theblack
dots represent infected cells in alveolar capillaries (In situ hybridization, % 360).. Courtesy of Dr. Jussara
Nascimento.
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cell infiltration constitutes a common finding [54). The thymus may be decreased in
size with lymphocytic depletion suggestive of severe intrauterine stress [53],

In the liver besides an increase i hematopoiesis, ervthrophagocytosis and
inclusions in nucleated red blood cells frequently are demonstrated [50] Siderosis
associated with portal fibrosis, bile duct proliferation, cholestasis, and [ocal necrosis
also have been described i congenital parvovirus inlection [54].

Severe CNS abnormalities after maternal Bl9 infection have been deseribed in
3 infants following maternal BlY infection [50]. Chronic leptomeningitis, ependimi-
tis, and calcification of vessels in the brain also have been observed [54]. Early infec-
gion with B19 virus can cause severe ocular malformations such as microphthalmia,
aphakia, absence of the anterior chamber; iris, and lens, retinal folds, and hipoplasy
of the retina [53, 56]. These ohservations raise the possibility that parvovirus Bl9
may have teratologic effects on a developing human embryo.

Fetal infection may be diagnosed by finding inclusions in the nucleated red blood
cells. However, histologic examination may be unsuccessful in detecting the viral
inclusions 1 one-third of the cases [57]. The virus may be detected by immuno-
cytochemistry, in situ DNA hybridisation (Figure 15B), dot-blot hybridization, or
PCR using formalin-fixed paraffin embedded tissues [57, 58]. However, dot-blot
hybridization is more efficient than in situ hybridization for detecting B19 DNA [58].
These methods may give positive results even in tissues of macerated fetuses [54].

ENTEROVIRUSES

The enterovirus is a picornavirus (small RNA virus). Enteroviruses include
coxsackie viruses types A and B, ECHO viruses, polioviruses, and other enterovirus
types. Although unusual, transplacental transmission has been shown to occur with
coxsackie virus, ECHO virus, and poliovirus.

The infectivity of enterovirus is largely determined by the presence of specific
receptors on the cell membranes of target tissues. Researchers also have suggested
that a sequential loss of receptor-containing cells or of receptor sites on persisting
cells with increasing age may be correlated with a decrease of viral pathogenicity
in older hosts. However, there are marked differences in regard to tropism and viru-
lence of the different enteroviruses [59]. Pathogenesis of enterovirus is related to its
cytolytic effect in the host cells. Infection of susceptible cells leads to cell death and
release of infectious viruses causing tissue damage of variable intensity.

Evidence of intrauterine infection has been shown for coxsackie viruses A3, A9,
and B2-B4 and B6 but these cases are rare [59, 60]. Transplacental passage of cox-
sackie viruses are generally detected at term [59]; however, this virus also may be
responsible for abortion [60]. Coxsackie virus B infection may cause myocarditis,
meningoencephalitis, pneumonitis, and inflammatory foci with necrosis in the
liver, pancreas, and adrenals [59]. Bates described a case with hydrops and calcified
pancarditis caused by B3 coxsackie virus [6]]. Pneumonitis and mild myocarditis
have been found in A3 and A9 congenital coxsackie virus infection [62, 63].
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ECHO virus (enteric cytopathogenic human orphan virus) is subdivided into
31 different sorotypes that include 1-7, 9, 11-97, and 29-34. The ECHO viruses
9,11, 27, and 33 have been associated with infections transplacentally acquired [59,
64—67). Garcia et al. described 3 cases (2 abortions and ! stillbirth) of congenital
infection with ECHO virus types 27 and 33 [64]. The virus was isolated from fetal
organs that presented necrosis (Figure 16) and hemorrhagic foci. Pneumonitis has
been described in a case of congenital ECHO virus infection type 9 [67]. In conge-
nital ECHO virus type 11, autopsy studies have shown hepatic fibrosis with regen-
erative nodules, adrenal hemorrhagic necrosis, and foci of myocardial, hepatic,
and adrenal calcification [65]). Congenital ECHO virus infection type 11 also may
present pneumonia associated with pulmonary hypertension and generalized
maculopapular exanthem [66, 68].

Poliomyelitis is associated with an increased incidence of abortion. In an abor-
tus isolation of poliovirus type 1 from both the placenta and the feral tissues was
obtained 12 days after the onset of illness in the mother [59]

The histopathologic diagnesis of ECHO virus and coxsackie viruses is accom-
plished by identification of the viral antigens by immunocytochemistry in par-
affin-embedded tissue samples. Virus particles also can be visualized by electron
microscopy (Figure 17). Isolation of ECHO viruses from placental and fetal tissues
also can be performed [64].

TOXOPLASMOSIS

The tachyzoites are the parasitic forms of Toxoplasma gondii present at the onsetof
infection. They represent the proliferative forms of the parasite and are responsible
for parasitemia and the development of lesions. The tachyzoytes are crescentic or
oval organisms, 2—4 im in diameter and 4-8 pum long. They can penetrate any cell

FIGURE 16. ECHO virus infection. Area of necrosis in adrenal (H&E, 360
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FIGURE 17. ECHO viris 33 infection. Varal patticles (30mm) are seen in the degenerated cytoplasm of a
hepatocyte. Bar = 200 nm. Inset: 100 nm. From Garcia, et al., J Pathol 1990;160:125-127.

where they multiply. After rupture of the cell, they enter in another cell or into the
fetal bloodstream. When cellular rupture does not occur, cysts of bradyzoites are
formed containing up to 3000 parasites [69). When the host develops a 1. gondii
immune response, the parasitemia and the clinical manifestations disappear and
the cysts remain in various tssues, preferentially the brain, eyes, and skeletal
and cardiac muscles, constituting the chronic or latent form of infection. Nonethe-
less, cysts also are found in the acute phase of the disease.

The remission of toxoplasmic infection depends on the development of humoral
and cellular immune responses. However, the lesions have a protracted evolutionin
tissues with difficult access of antibodies such as the CNS and eyes. The acute phase
of the disease can reappear if the host develops a state of immunosupression [63].

Since the majority of pregnant women are infected during the third trimester,
about two-thirds of newborns present the subclinical form of infection. This form
has the potential of manifesting symptomatology later. Nonetheless, the severe
sequelae of the encephalic form may be present at birth.

Pathology

The leptomeninges are thickened. Foci of necrosis and /or calcification are com-
monly seen throughout the CNS (Figures 18 and 19). In cases of extensive NECTosis,
flattening of the giri, asymmetry of the cerebral hemispheres, and dilatation of the
ventricular system are observed. When hydrocephalus is severe, extreme atrophy
of the cerebral parenchyma may be seen with complete disappearance of the cere-
bral substance in many areas [69]. Hydranencephaly also has been described in
the encephalitic form of infection [70].

The parasites cause perivascular inflammation and vasculitis with later devel-
opment of necrosis and calcification. The infiltrate consists of lymphocytes, plasma
cells, macrophages, neutrophils, and less frequently eosinophils. Large areas of
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FIGURE 18. Cogennal wxoplasmosis: The milky areasin the cerebral surface correspond to necrosis and cal-
cificatior.

necrosis .can be the result of vascular thrombosis secondary to vasculitis. Acute
toxoplasmosis is manifested as the encephalitic or systemic form, but the CNS is
never spared [69, 71].

Necrosis represents the most characteristic lesions in the CNS (Figure 20). The
necrotic lesions are more marked in the cerebral cortex, basal ganglia, and periven-
tricular areas. Later on the lesions became calcified or transform into cavities.

FIGURE 19. Congenital toxoplasmosis. See a longitudinal section of the brain with mild ventricular dilatation
and areas of necrosis and calcification in the cortical, medullar, and periventricular area.
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FIGURE 20. Cogenital toxoplasmosis. Area ol necross in the bram surrounded by mononuclear infiliration,

Besides necrosis, foci of microglial proliferation are seen throughout the CNS. Lep-
tomeningits and ependymins are also observed. Inflammation and necrosis, when
present around the agqueduct of Sylvius, may cause obstruction and hydrocephalus.
Nonetheless, hydrocephalus also can be due 1o exiensive periventricular necrosis.
Tachyzoites and cysts are present in the lesions and in the neighboring normal tis-
sues as well as in the intima of the vessles [69, 71].

In the eyes retinochoroiditis, retinal necroses, disruption of the retinal pigment
epithelium, and optic neuritis are characteristic findings. T-cells predominate in
retinal lesions and choroid. By immunohistochemistry parasites were frequently
identified in the lesions [72]. Other changes such as indocychtis and cataracts are
secondary to retinochoroidits. Microphthalmia and eye disruption can be
observed in cases with severe infection. Parasitized lesions also have been observed
in the mastoid and inner ear, and they are certainly responsible for the hearing loss
observed in congenital toxoplasmosis [69].

An interstitial infiltrate of mononuclear cells is observed in the lungs and also
in the wall of the small pulmonary vessels. Parasites can be found in the alveolar
lining cells (Figure 21}, in the endothelium of pulmonary vessels, and free within
alveoli [69].

The heart, second only to the brain and the eyes, is commonly affected. Cysts of
toxoplasma without any inflammatory response may be observed in the myocar-
dium, but after the rupture of the cysts an inflammatory infiltrate occurs. Hyalin
necrosis of cardiac myofibers may be seen with the inflammatory reaction. Inflam-
mation is also observed in the endocardium and epicardium. Extensive areas of
calcification rarely are present in the heart [73].

A marked erythropoiesis may occur in the spleen, liver, and kidneys and are
commonly seen in autopsies of infected stillbirths and neonatal deaths. In the Liver,
a portal infiltrate of mononuclear cells, neutrophils, and eosinophils along with
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FIGURE 21. Toxoplasma preumonitis. A toxoplasma cyst s seen i 3 cell of the alveolar wall, Monenuclear
colls ave observied in the seprum (H& E, x 560}

focal necrosis and parasitized Kupfler cells may be observed. Less frequently, giant
cell hepatitis 1s present [69, 74]. Glomerular and tubular necrosis may be seen in
the kidneys. However, toxoplasma cysts have also been found in glomeruli and re-
112l tubules without associated lesions. The adrenals show focal or segmental necro-
sis, parasitism, and inflammation. Parasitized lesions may be seen in any tissue In
the systemic form of toxoplasmosis [69].

The presence of the 7. gondii (tachyzoites or cysts) in tissues confirms the histo-
pathologic diagnosis of congenital toxoplasmosis. The cysts are strongly positive
with PAS; however, the cyst wall stains weakly with PAS but itis strongly argyro-
philic. The toxoplasma may be histologically misdiagnosed as amastigotes (the
tssue forms of T cruzi). However, the amastigotes present, besides the nucleus, the
kinetoplast, a structure that is not present in toxoplasma. In cases of doubt,
:mmunohistochemica) identification of parasites using paraffin-embedded sections
and antitoxoplasma or anti-Trypanosoma cruzi antibodies are confirmatory. To differ-
entiate toxoplasma from Histoplasma e, sulatum, a silver stain with Grocott method
must beused.

Diagnosis of congenital toxoplasmosis also may be made by in situ hyrbidiza-
tion or PCR using formalin-fixed parafﬁn-embedded tissues. The isolation of the
parasite from tissue or body fluid by means of cell culture or animal inoculation
are other methods to detect toxoplasma in autopsy material. However, PCR assay
produces more positive results than the other methods [75].

CHAGAS’ DISEASE (AMERICAN TRYPANOSOMIASIS)

T, cruzi presents in the mammalian host m two morphologically distinct
forms: the trypomastigotes and the amastigotes. The trypomastigotes are motile,
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FIGURE 22. Cungenital Chagas discine. Parasitizcd giant cell lull oFamastigotes. See the cinctophast and the
nuelers of the paessite (arrow) (HE& T, < 1250)

spindle-shaped, and nonmultiplying blood forms of the parasite. Intracellularly
they are transformed into amastigotes (Figure 22) that multiply and are later re-
leased as trypomastigotes upon lysis of the infected cells. The trypomastigotes enter
other cells, mitiating a new cycle or they penetrate the fetal bloodstream dissemi-
nating the infection. The trypomastigotes are present in the blood during the acute
phase of the disease but thereafter, in the chronic phase of the infection, parasitemia
1S Intermitent.

At the onset of the infection, trypomastigotes invade mononuclear phagocytes.
However, later the parasite becomes almost completely confined to the muscle tis-
sues. Other cells also may be parasitized such as ghal eells, fibroblasts, Schwann
cells, neurons, and cells of the trophoblast and ammniotic epithelium. After rupture
of the parasitized muscle cell, an inflammatory infiltrate appears that is initially
multifocal and related to the presence of the parasite. Later the inflammatory infil-
trate becomes diffuse in the heart. In this organ, the inflammation may extend to
the conducting system, nerves, autonomic nervous system ganglia, endocardium,
and pericardium [76].

The occurrence of a severe inflammatory infiltration in structures without re-
generative capacity such as the conducting myocardial fibres, myenteric plexuses,
and CNS may result in scars whose clinical consequences are generally of late
appearence [76].

After the acute phase of infection that lasts a few months, the great majority of
patients progress to the indeterminate phase (without symptomatology), that may
last 10-20 years or may persist indefinitively. Later, in adulthood, infected indivi-
duals may develop cardiae, digestive, or nervous chronic forms of the disease. The
digestive and nervous forms are believed to represent sequelae of lesions that have
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occurred during the acute phase. However, chronic myocarditis constitutes a lesion
of late onset [76]. ' -

In the congenital form of disease, sequelae of the digestive and CNS lesions can
appear very early immediately after, or even during the acute phase. The severity
of the inflammatory process and the immunologic immaturity of the host are
responsible for these early manifestations [76, 77].

Pathology

Stillborns and newborns with severe disease may present hydrops and hepato-
splenomegaly. When the conceptus dies of cardiac insufficiency, cardiomegaly is
observed. Parasites may be detected in the majority of the organs, but they predo-
minate in the brain, heart, esophagus, intestines, skeletal muscles, and skin. The
inflammatory infiltrate consists of mononuclear cells with some neutrophils, and
less commonly small granulomas of epithelioid cells are seen [78].

The microscopic features of congenital Chagas’ disease are in many aspects
similar to those observed in the noncongenital acute phase of the disease. However,
the congenital disease may present aspects not observed in the noncongenital
acute disease such as parasitized giant cells with a single hyperchromatic nucleus
(Figure 22), pneumonitis, subepidermal granulomas, and early digestive and neuro-
logical manifestations [78].

The inflammatory infiltration in the myocardium in generally diffuse and is
associated with edema and disruption of the myofibres (Figure 23). The inflam-
mation may extend to other structures of the heart. Parasitism and necrosis of
myofibres are frequent findings. Mononuclear cells can be seen attached to or inside
myofibres [76].

FIGURE 23. Congenital Chagas'disease. A marked myocarditis with edema, mononuclear infiltratior, and
necrosis of miofibers. See one parasitized miofiber (arrow) (H&E.. x 360).
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Chagasic encephalitis consists of perivascular chronic inflammatory lesions
that are more commonly seen in the bramn. The lesions consist of proliferation of
microglial cells, lymphoeytes, plasma cells, and parasitized cells frequently asso-
clated with 2 meningeal mononuclear infiltration. The lesions may be subependy-
mal with destruction of the adjacent epithelium [79].

The muscular layer and Auerbach’s plexus of the esophagus and intestines show
a marked focal inflammatory infiltration with parasitism of myofibres or macro-
phages (Figure 24). Degeneration or destruction of neurons may be observed in the
Auerbach’s plexus. These alterations are responsible for early digestive manifesta-
tions (regurgitation, vomiting, and dysphagia) and megaesophagus (Figure 25) [76].

In the lungs, besides mononuclear infiltration in the interalveolar septa, parasi-
tized cells can be observed in the alveolar wall or inside the alveolus (Figure 26) [78].

Disseminated erythematous lesions, petechiae, and nodules may be observed in
the skin. Microscopically, vasculitis and panniculitis with infiltration of neutro-
phils, lymphocytes, and plasma cells are observed. There is also frequent involve-
ment of the skeletal muscles [79].

Miliary granulomas composed of mononuclear cells, epithelioid cells, and
parasitized macrophages may be observed in the liver. Foci of necrosis and fibrosis
also have been described in this organ. The lymph nodes and spleen are enlarged
and present macrophage proliferation sometimes associated with parasitism. Lym-
phocytic depletion in the thymus is also observed [79].

The histopathologic diagnosis of congenital Chagas’ disease is made by finding
amastigotes in H& E-stained preparations. They are spherical or oval, are 2 um in
diameter, and present a nucleus and kinetoplast. The kinetoplast consists of a deeply
stained parabasal body and an adjacent dot-like blepharoplast (Figure 22). Immu-
nocytochemistry is superior to that of conventional examination for detecting

FIGURE 24. Esophagus in congenital Chagas’disease. See a giant parasitized cell with a huge and hyperchro-
‘matic micleus near the Auerbach plexus. There is inflammatory reaction in the plexus and around the giantcell
[H&E, 35600
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FIGURE 25. Congenital Chagas® disease. The radiologic and macrascopic aspect of a congenital chagasic
megaesophagus with digestive manifestations since birth.

amastigotes in tissues and also enables the differential diagnosis of toxoplasma and
Histoplasma capsulatum [76].

MALARIA

Congenital malaria may be caused by Plasmodium vivaz, P, malariae, P. ovale, and
P, falciparum; however, it is of rare occurrence. Its rarity may be partially explained
by late onset of symptomatology. Thus, its late manifestations can be misinter-
preted as a postnatal acquired infection. Even in infants born to mothers with
low levels of immunity, symptoms of congenital malaria are usually delayed until
4-12 weeks after birth [80]. It is believed that fetal hemoglobin protects the fetus
against malarial infection, and for this reason the morbidity of this infection is

FIGURE 26. Congenital chagasic pneurnonitis. See septal mononucledr infiltration and a parasitized giant cell
within the alveclar Jumen (H&E, x 560
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very low ini the first three months of postnatal life when the level of fetal hemoglo-
bin in high. Sporozoites introduced into the bloodstream mature in the liver and
form the mature schizont that contains 2 great number of merozoites. Affer the
release of merozoites the ring stage appears within erythrocytes in the peripheral
blood with a subsequent transformation into tachyzoites. The sexual form is called
gametocyte. In infections with P vivax, P malariae, and P, svale all forms are seen
in the blood but in infections with P falciparum only rings and gametocytes are
found [8I}.

It has been postulated that the placenta actsasa barrier to the plasmodium and
that its blocking efficiency depends on the maternal immune status. The rate of con-
genital malaria in the immune mother is estimated to be 0.3% whereas n non-
immune mothers it is as high as 10% [82]. Although the parasite is rarely detected
in the umbilical cord blood, the placenta shows parasitism and sometimes is so
affected that it causes an effect on the fetus. Maternal malaria is an important cause
of TUGR due to placental lesions as well as maternal anemia. The mean birthweight
of the fetus is lower if the placenta is infected with P, falciparum [81]

Congenital infection occurs mainly in malaria caused by P, falciparum and
P sivax. The reported congenital cases presented in the first few months of life with
splenomegaly and less frequently with hepatomegaly [8]]. Evidence for malaria
causing stillbirths is sparse. Asymptomatic congenital malaria with later disappear-
ance of parasites may occur [80].

SYPHILIS

Treponema pallidum is a spirochete that measures 10-13 pm in length and 0.2—
03 pm in diameter. 7. pallidum locahizes preferentially in extracellular tissues, but it
penetrates into the cells where it may persist causing a chronic and recidivant infec-
ion in nontreated individuals. The treponema is protected by 2 glycosamino glycan
layer that impairs phagocytosis [83]

Although congenital transmission has been documented as early as 7 weeks of
gestation, the fetal lesions appear only after the fourth month of gestation. Despite
evidence for an immune response, syphilis progress and secondary lesions develop
unless specific therapy is given. After 1 to 3 months of secondary lesions, sponta-
neous remission occurs and the patient enters a latency phase. Infection may
become apparent only during childhood or adult life (tertiary syphilis). Pathologic
changes in congenital syphilis are similar to those that ‘occur in acquired
syphilis [83]; however, the lesions may be more marked and extensive. Besides,
lesions that occur only during the tertiary phase in the acquired syphilis, such
as the gummatous lesions, may appear simultaneously with the secondary
lesions [71].

Vessel changes are due to direct action of the treponemas and constitute anim-
portant event in the initiation of the host immune response to syphilitic infection.
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Membrane lipoproteins can activate the endothelial cells to upregulate the expres-
sion of intercellular adhesion molecule-1 and procoagulant activity on its surface
resulting in perivasculitis and fibrin deposition [83]

Pathology

The great majority of infected fetuses are macerated. Hydrops and hepatosple-
nomegaly are the most common macroscopic changes. In Brazil syphilis represents
one of the most commeon causes of nonimmune hydrops [49]. The basilar meninges
may appear thickened, especially around the brain stem and the chiasma optic [83].

In congenital syphilis besides macular, papular, and papulo-annulareruptions,
an extensive vesicle-bullous lesion can be observed. In addition, a marked sloughing
of the epidermis may be seen especially on the palms, soles, and around the mouth
and anus. In cases of severe infection the lungs appear pale and heavy. For this rea-
son the pulmonary lesions were formerly described as pneumonia alba. The pan-

reas may be increased in size and is firm due to fibrosis. The thymus 1s involuted
and may present with abscesses of Dubois that constitute a pathognomonic aspect
of congenital syphilis [71, 84].

Whatever the stage of disease, the histologic hallmarks of congenital syphilis
are obliterative endarteritis (luetic vasculitis), fibrosis, and macrophage-rich mono-
nuclear infiltrates. Concentric fibrosis around the vessels appears as an omon-skin
pattern that is very suggestive of congenital syphilis (Figure 27) [71,84). Abscesses
of neutrophils also can be observed. Obliterative endarteritis and perivascularand
interstitial fibrosis are characteristic. Less frequently, gummatous necrosis is ob-
served [71]. Virtually every organ may be involved in congenital syphilis, but most
frequently are the liver, kidney, bones, pancreas, spleen, eyes, bowel, skin and

FIGURE 27. Pneumonia alba, There s sepial thickening due toa marked proliferation of macrophages that are
also seeninside the alveolar ducts. Séeconcentric Sbrosic (arrow) around a vessel (H&E, x 200).
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mucosae, testes and epididymus, hypophysis, lymph nodes, thymus, heart, lungs,
and brain [84]. /

The lungs may be affected by a diffuse interstitial fibrosis and macrophage pro-
liferation, sometimes accompanied by alveoli filled with macrophages (Figure 27).
The pleura also exhibit a similar proliferation [71, 84]. The syphilitic thymus is
represented by a lymphocyte depletion and fibrosis sometimes associated with
neutrophil abscesses (Figure 28) [71].

There is always erythropoiesis in the liver. A mononuclear infiltrate is seen in
the portal tracts, but it also can be intralobular. Less frequently, a diffuse hepatic
fibrosis can be observed (Figure 29). Frequently an interstitial fibrosis is seen in the
pancreas with atrophy of the parenchyma (Figure 30) [84].

The intestinal lesions occur in the small as well as in the large bowel. They may
involve all the layers but are more severe in the mucosa and submucosa. In stillborn
fetuses a severe atrophy of the glands with disappearance of the muscularis mucosae
may occur (Figure 31). The more severe lesions are detected in intrauterine deaths
(Table 3) [85]. A heavy intestinal inflammation may cause ulceration and stenosis
in postnatal life [86].

In the kidneys besides hematopoiesis, interstirial fibrosis and mononuclear infil-
tration may be observed. These changes may lead to a tubular atrophy pattern simi-
lar to the collecting tubule hamartoma described in nonsyphilitic autopsy cases
[87]. Membranous glomerulonephritis and more rarely proliferative glomerulone-
phritis have been described in congenital syphilis [71].

Hematopoiesis is sometimes associated with mononuclear infiltration in the
spleen. The lymph nodes may present macrophage proliferation. In the testis are
often marked inflammation and interstitial fibrosis [84].

FIGURE 28. Thymus in congenital syphilis with a severe architectural desorganization. There is lymphocytic
depletion, fibrosis, 2bsence of Hassall corpuscles, and presence of Dubais abscess pathognomonic of congenital
syphilis (H&E. x64).

e
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FIGURE 29. Congenitalsyphilis. Liver with intralobular fibrosisand mononuclear infiltration causing atrophy
of the hepatocyte cords: Some ol these hepatocyte resemble multinucleated giant cells (H&E. x123).

The CNS is frequently involved. Fully 86% of infants with clinical manifesta-
tions of syphilis present spirochetes in the cerebrospinal fluid. There is a frequent
mononuclear infiltration in the leptomeninges. Microscopically endarteritis is
commonly present and various degrees of neuronal injury may be observed. After
resolution of infection fibrosis may ensue causing adhesions that obliterate the sub-
arachnoid space leading in turn to an obstructive hydrocephalus or to cranial nerve
palsies [83]. Chorioretinitis, glaucoma, uveitis, cataract, and chancre of the eyelid
have been described [83, 84].

Syphilitic osteochondritis and periostiis may affect all bones, although
lesions of the nose and lower legs are most distinctive. Destruction of the vomer

FIGURE 30. Congenital syphilis. Interstitial fibrosis in the pancreas isolating the acini (H&E, x123).
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.

FIGURE 31. Congenital syphilis. Lazge bowel with a marked awrophy of the mucosa, disappeeance of the

museudie ol mucosi, and thickening ol the submucosa de o maciophagic prolileration There isailso atrophy ol
the external cont ol the muscular layer (H&E, x 64),

causes collapse of the bridge of the nose and, later on, the characteristic saddle nose
deformity. Periostitis of the tibia leads to éxcessive bone growth on the anterior
surface and anterior bowing (saber shin). Due to osteomyelitis, fractures may occur
in long bones (Parrot pseudoparalysis). The epiphyses become widened as the
cartilage overgrows, and cartilage is found as displaced islands within the meta-
physis [83].

The macro- and microscopic lesions considered together constitute a charac-
teristic pattern of congenital syphilis, as many of them are not observed in
other congenital infections. However, the diagnosis of syphilitic infection may only
be done through the identification of the spirochetes in the fetal organs, even in
macerated fetuses (Figure 32) [71]. Through silver impregnation or immunochisto-
chemistry the organisms may be demonstrated in many organs [71, 88]. They also
can be detected in fresh imprints of the organs and umbilical cord in dark field
examination [71].

LISTERIOSIS

Listeria monocylogenes is a Gram-positive motile bacillus that may infect the fetus
by the ascending route, hematogeneously, or by both routes.

Abortions, stillbirths, and TUGR generally occur in cases of early mfection.
The disease appears in two forms: first is the septicemic form with early onset, the
second is meningoencephalitic with late onset. Neonatal infection of early onset is
always congenital. When the clinical manifestations appear after the first 24 h of life
(late-onset); it is only possible to determine the route of infection when the placenta
1s examined [89].
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FIGURE 32. Congenital syphilis, Numerous treponemas present in a section of adrenal of a macerated fetus.
(Levadity, 5 12501

In congenital infection there is always meconium staining of the amniotic fluid
even in fetuses less than 32 weeks of life. The meconium staining before 32 weeks
of gestation is very suggestive of listeriosis [89].

Listeria circulating in the blood are taken up by macrophages of the spleen,
liver, lungs, and adrenals and most of the bacteria are killed. Listeria can alsoinfect
nonphagocytic cells, e.g., epithelial cells, hepatocytes, and fibroblasts, where the
bacteria remain temporarily protected from the host defense [89). Uptake by pha-
gocytic cells is facilitated by opsonization with complement C3b. The virulent or-
ganisms survive and multply within the phagocytic vacuoles. However, listeria
produces listeriolysin O, a cytotoxin that destroys the bacteria-containing vacuole
and enables the organism to escape to the cytosol. The release of L. menacytogenes to
the cytosol leads to bacterial multiplication and actin polymerization. This last
event is important in the cell-to-cell transfer of listeria avoiding any contact with
the humoral mechanism of defense [90].

During the early phase of infection, Listerig-infected cells elicit a marked infil-
tration of neutrophils induced by chemotactic factors (bacterial components and
complement) as well as pro-inflammatory cytokines (TNF-a;, TL-1, IL-6, and
IL-8). This event is mediated by the activation of adhesion molecules. In this early
preimmune phase; the invading phagocytes are able to lyse infected hepatocytes
limitating infection. In addition, NK cells produce IFN-y that leads to T-cell-inde-
pendent activation of monocytes and macrophages with increase in the expression
of MHC class IT [90].

However, host susceptibility to listeria infection depends mainly on the estab-
lishment of cell-mediated immunity. This explains why most cases of listeriosis
affect immunodepressed hosts, frequently pregnant women, fetuses, and premature
newborns. The susceptibility of the fetus and newborn to listeria may be related to
the impairment of cell immunity that occurs at this phase of life.

aill
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Pathology

widespread white-yellowish nodules in the hver, spleen, adrenals, lungs, esophagus,
posterior pharyngeal wall, and tonsils. However, other organs may be involved.
Hydrops also may occur. In severe infection 2 skin rash has been described with

Autopsies of the septicemic form of listeriosis show hepatosplenomegaly and

slightly elevated pale patches | to 2-mm in diameter and surrounded by a red halo.

In Figure 33, an abortus with widespread miliary necrotic lesions surrounded by a
hemorhagic halo is shown. In the digestive and respiratory tracts the infection
causes ulcerations due to mucosal necratic lesions [90],

Microscopically the lesions consist of foci of necrosis (Figure 34) or micro-
abscesses, sometimes surrounded by mononuclear cells and epithelioid cells. At
necropsy, granulomas are not generally seen. However, in the individuals who sur-
vive the eritical phase of infection, granulomas appear due (© the development of a
cellular immune response [89].

Late-onset listeriosis usually involves the CNS and manifests as meningitis,
meningoencephalitis, or less frequently as rhomboencephalitis. The lesions may
cause an occlusive hydrocephalus [90]. Less frequently, involvement of the CNS
may oceur in the early-onset listeriosis with extensive necrosis. (Figure 35) and
sometimes with the development of hydrocephalus [91].

The diagnosis of listeriosis is the bacterial isolation by culture of fetal lesions.
However, when culture is not performed, the diagnosis can be made by maternal
history, placental pathologic features, autopsy data, and identification of bacilli in
tissues. Brown-Hopps stain demonstrates in the lesions Gram-positive pleomorphic
rods (Figure 34), 04 to 05 um by 0.5 to 2.0 um. The bacillius also can be revealed
by Gomori methenamine-silver stain, Warthin-Starry, or other argentic methods.

FIGURE33. Abortus with hematogenous and ascending infection by L. monacytogenes. There are nUmeErous and
military necrotic cutaneous lesions with a hemorrhagic hala.
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FIGURE 34. Congenizal listeriosis. Microscopical aspect of lesion. See epidermal necrosis-with numerous
bacilli {Brown Hopps, x1250).

It is important to consider that the organisms may appear sometimes Gram-
negative particularly in long-standing disease and when the patient has been
treated with antibiotics [89]. To confirm the histopathologic diagnosis, immunohis-
tochemistry and DNA hybridization can be used [90].

FIGURE 35. Early-onset listeriosis. Extensive destruction of the cerebral tissue.
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RARE TRANSPLACENTAL CONGENITAL INFECTIONS

African Trypanosomiasis

The majority of congenital cases of African trypanosomiasis are not well docu-
mented. Considering that the clinical manifestations of this infection generally are
of late appearance, it is impossible in endemic areas to consider as congenital late
manifestations of the disease [71]. Two cases of congenital disease have been ob-
served in Europe, in infants born to infected mothers. One had hydrocephalus at
birth and repeated convulsive episodes. The other was healthy until 18 months
when the infant developed trypanosomal CNS infection [92].

Visceral Leishmaniasis (Kala-Azar)

Visceral leishmaniasis presents with a spectrum of clinicopathologic patterns
varying from an asymptomatic form to a severe and generalized disease associated
with an intense parasitism. Pregnant women with the generalized disease may
infect the placenta and possibly the fetus [93]. There are few reports of probable
congenital visceral leishmaniasis [93,94]. One presented TUGR and pl acental para-
sitismn. At 7 months of age the infant developed hepatosplenomegaly and parasitism
of the bone marrow and died a few days later. At autopsy parasitized macrophages
were detected in many organs associated with interstitial pneumonitis [94]

Borreliosis (Lyme Disease)

Fetal infection has been described in Borrelia burgdorferi infection. Spirochetes
have been found in brain, spleen, myocardium, and bone marrow, but inflamma-
tory changes are much less than in adult cases and sometimes absent. In one case
cardiac malformation was observed. The organisms can be demonstrated by argen-
tic impregnation or by immunofluorescence using monoclonal antibodies [95].

Campylobacter (Vibrio) Fetus Infection

C. fetus, a common enteric pathogen in humans, has been described as the cause
of prematurity, fetal death, and acute villitis [96, 97]. It may cause meningitis and
meningoencephalitis, and it has been isolated from fetal organs [96].

Chlamydia Infection

Congenital infectionby C. trachomatis is considered to occur only by the ascending
via. However, an abortus infected with C. {rachomatis hasbeen described showing pneu-
rmonitis and foci of hepatic necrosis. Chlamidial bodies identified by immunoflores-
cence using antichlamidial antibodies were observed in liver, brain, and eyes [98).

Placental C. psittaci infection is rarely recognized as a cause of acute placentitis;
however, the histopathologic study of the fetuses 15 unremarkable in spite the fact
that the agent was isolated from fetal heart blood and tissues [99]
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Q-Fever

Q-fever is caused by Coxtella burnetii and has been incriminated as cause of abor-
tion, prematurity, low birthweight, and fetal death. There is one well-documented
case of congenital transmission of C. burnetii infection causing abortion. Inflamma-
tory lesions were seen in the lungs, and the organism was detected in the placenta
and fetal organs by immunofluorescence. In this case C. burnétti was isolated from
the placenta and fetal kidney [100].

Tuberculosis

The fetus may be infected through the placenta or through the amniotic fluid
that is primarily infected in the extraplacental membranes but not by an ascending
route. The infection of the placenta may occur hematogeneously or by contiguity
‘with tuberculous endometritis or salpingitis. There are only 30 cases of congenital
tuberculosis reported in the literature [101].

After the placental infection, a primary complex is developed in the liver, the
portal of entry of fetal infection, with invelvement of the periportal lymph nodes.
A later dissemination of infection may occur compromising many organs. When
the infection is mediated by the amniotic fluid, the first involved areas are the lungs
and gastrointestinal tract.

The infected conceptus presents hepatosplenomegaly, and papular or nodular
cutaneous lesions can be observed [102]. The histopathologic diagnosis can be made
by hepatic or cutaneous biopsy through the finding of a granulomatous reaction
associated with caseous necrosis (Figure 36) and acid-fast bacilli.

FIGURE 36. Liver in congenital tuberculosis. Sce two areas of caseous necrosis without granulomatous reac-
tion. There is 2 mild infiltration of mononuciear cells around the necrotic areas (H&E, x 360),
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.Lymphocytic Choriomehingitis

Congenital lymphocytic choriomeningitis is an infection rarely recognized as
the cause of congenital infection. It may mimick congenital CMV infection and
toxoplasmosis. Lymphocytic choriomeningitis causes ocular abnormalities, hydro-
cephalus, or microcephaly, intracranial calcifications, and chorioretinopathy [103]
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