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ABSTRACT

Purpose: To study the spectrum of adverse ocular effects which result from
maternally transmitted rubella and toxoplasma infection; further, to record
the long-term visual and neurodevelopmental outcomes of these 2 major
causes of fetal infection.

Study Design and Patients: A series of 55 patients with congenital infec-
tion have been studied prospectively on a long-term basis. The study
group included a cohort of 34 cases with congenital rubella syndrome
demonstrated by virus isolation, and 21 cases with a clinical diagnosis of
congenital toxoplasmosis and serologic confirmation. All patients had spe-
cific disease-related ocular defects. Rubella patients were first identified
during or following the last major rubella epidemic in 1963-1964, and
some have been followed serially since that time. A separate study group
of representative toxoplasmosis patients presented for examination and
diagnosis at varying time periods between 1967 and 1991.

Observations and Results: This study confirms that a broad spectrum of
fetal injury may result from intrauterine infection and that both persistent
and delayed-onset effects may continue or occur as late as 30 years after
original infection. Many factors contribute to the varied outcome of pre-
natal infection, the 2 most important being the presence of maternal
immunity during early gestation and the stage of gestation during which
fetal exposure occurs in a nonimmune mother.

Rubella: As a criteria of inclusion, all 34 rubella patients in this study
exhibited one or more ocular defects at the time of birth or in the imme-
diate neonatal period. Cataracts were present in 29 ( 85%) of the 34, of
which 21 (63%) were bilateral. Microphthalmia, the next most frequent
defect, was present in 28 (82%) of the 34 infants and was bilateral in 22
(65%). Glaucoma was recorded in 11 cases (29%) and presented either as
a transient occurence with early cloudy cornea in microphthalmic eyes (4
patients), as the infantile type with progressive buphthalmos (1 patient), or
as a later-onset, aphakic glaucoma many months or years following cataract
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aspiration in 11 eyes of 6 patients. Rubella retinopathy was present in the
majority of patients, although an accurate estimate of its incidence or lat-
erality was not possible because of the frequency of cataracts and nystag-
mus and the difficulty in obtaining adequate fundus examination.

Toxoplasmosis: Twenty-one patients with congenital toxoplasmosis
have been examined and followed for varying time periods, 7 for 20 years
or more. The major reason for initial examination was parental awareness
of an ocular deviation. Twelve children (57%) presented between the ages
of 3 months and 4 years with an initial diagnosis of strabismus, 9 ofwhom
had minor complaints or were diagnosed as part of routine examinations.
All cases in this study have had evidence of retinochoriditis, the primary
ocular pathology of congenital toxoplasmosis. Two patients had chronic
and recurrent inflammation with progressive vitreal traction bands, retinal
detachments, and bilateral blindness.

Macular lesions were always associated with central vision loss; how-
ever, over a period of years visual acuity gradually improved in several
patients. Individuals with more severe ocular involvement were also
afflicted with the most extensive central nervous system deficits, which
occurred following exposure during the earliest weeks of gestation.

Conclusions: Although congenital infection due to rubella virus has been
almost completely eradicated in the United States, the long-term survivors
from the prevaccination period continue to experience major complica-
tions from their early ocular and cerebral defects. They may be afflicted
by the persistence of virus in their affected organs and the development of
late manifestations of their congenital infection.

Congenital toxoplasmosis continues to be the source of major defects
for 3,000 to 4,100 infants in the United States each year; the spectrum of
defects is wide and may vary from blindness and severe mental retardation
to minor retinochoroidal lesions of little consequence. Effective solutions
for either the prevention or treatment of congenital toxoplasmosis have
not been developed in this country but are under intensive and continuing
investigation.

INTRODUCTION

Many agents have been implicated as having an adverse effect on fetal
development and causing ocular abnormalities. In addition to chemicals,
drugs, alcohol, and nutritional substances, microorganisms have long been
known to cross the placental barrier and cause fetal infection. A direct
relationship between specific ocular and systemic abnormalities in the
newborm and maternal infection was first noted and recorded by an
Australian ophthalmologist, Gregg, in 1941.1 His observations provided
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the first record of the teratogenic effect of viral infection, and numerous
organisms have been convincingly demonstrated to cause fetal malforma-
tions and disease since that time.5

Although there have been major accomplishments in the eradication
and control of infectious disease through the availability of immunization
programs, antibiotic therapy, and effective public health measures, con-
genital infection continues to be an extremely important cause of fetal
morbidity and mortality. The number of affected pregnancies can only be
estimated, since early exposure and overwhelming infection will often be
incompatible with life, and the products of conception may undergo
resorption or result in spontaneous abortion or stillbirth. The majority of
infants born to mothers with documented prenatal infection are asympto-
matic at birth; however, a smaller number who are infected early in gesta-
tion by rubella virus or toxoplasma organisms will be symptomatic and
have visible evidence of malformation, tissue destruction, or chronic dis-
ease early in the neonatal period. It is a paradox of nature that during this
unique period when the developing fetus (in utero) should be in its most
protected environment, it may actually be most vulnerable, lacking its own
immune defenses or any immunologic protection from a nonimmune
mother.

These 2 infectious diseases, rubella and toxoplasmosis, one a virus and
the other a protozoa, each cause only a mild and relatively benign, short-
term illness as an acquired infection in an adult. When these organisms
are passed from an infected mother transplacentally in utero, however, the
developing fetus may suffer serious injury. Together, these organisms pro-
vide a comprehensive insight into the transmission, pathogenesis, and dis-
astrous effects that have become known as congenital infection, or the
congenital infection syndromes.

Each organism has a unique pathogenetic process with different target
tissues in the eye; rubella infection early in gestation causes a high inci-
dence of cataracts and generalized infection,'" whereas early infection by
toxoplasma organisms causes major areas of focal necrosis ofthe retina and
brain.1316

Rubella has been one of the most extensively studied, thoroughly
researched, and best understood microorganism in recent history. Its vir-
tual eradication in populations with effective and universal immunization
programs is a major achievement of medical science. The last major rubel-
la epidemic in 1963 to 1964 resulted in approximately 12.5 million cases of
clinically acquired rubella in the United States and seriously affected more
than 30,000 infants, with more than 13,000 fetal or early infant deaths and
20,000 infants born with major congenital defects.7'9 The eventual cost of
that epidemic has been estimated at more than $2 billion.'7"8

A positive outcome of those disastrous postepidemic years was a peri-
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od of intense investigation of rubella virus and its role as a human
pathogen. Those clinical and virologic studies demonstrated rubella virus
to be an ideal model to illustrate the pathogenesis of fetal infection and the
routes by which microorganisms may be transmitted from maternal to
fetal systems. Our understanding of the complex mechanisms that
account for fetal malformations was expanded, and a new concept of
chronic fetal infection involving both the persistence and shedding of
viable organisms through the neonatal period was revealed. These infants
were found to harbor and shed virus for many months and, in some
instances, years afterward.&12'19-22

Toxoplasmosis continues to be a major cause of congenital infection
with significant fetal morbidity and is also recognized as the single most
important infectious cause of retinochoroiditis in the United States.Y27
Although active inflammation may be present at any time through the
pediatric, adolescent, or adult years, with few exceptions, such episodes of
infection are generally considered to be recurrence of congenital toxo-
plasmic infection.24 Effective measures to prevent and treat toxoplasmo-
sis in humans are a source of intensive investigation.

This descriptive study reports long-term observations on 55 individu-
als documented with congenital infection caused by either rubella or tox-
oplasmosis with particular reference to their ocular and neurodevelop-
mental status.

HISTORICAL BACKGROUND

Observations of human malformations precede written history; their
occurrence was often associated with religious symbolism and attributed
to "evil spirits." Clay tablets from Nineva, which record an earlier period
prior to 2000 BC, depicted some 62 forms of human malformation, many
of which might be recognizable today.28 Through the centuries, the caus-
es of congenital deformities remained mostly in the realm of superstition,
religion, and folklore. The first to recognize a scientific basis for fetal mal-
formations was William Harvey (1651), who, using cleft palate and harelip
as examples, traced the development of the fetus from the egg and sug-
gested that congenital deformities arose as an "arrest of development" of
specific tissues at a particular stage.',

The general theories of causation of birth defects had long centered on
the vague concepts of "faulty germ plasm" and the effect of "noxious agents."
The idea that contagious infection might be transferred by minute, invisible
particles was first expressed by Fracastoro in 1546. This "germ theory" was
developed much later in 1855 by Snow, who argued that the causative agent
of cholera was a living cell that multiplied with great rapidity but was too
small to be seen under the microscopes then in use.2 It was in 1867 that
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Virchow was credited with the observation that maternal infections may be
transferred to the fetus either through the placental circulation or the amni-
otic fluid and that the diseases or defects of the infant may differ in expres-
sion or location from that of the acquired adult infection.,-

Ophthalmology can be justly proud of its participation in the gradual
exposition of congenital infection as a cause of abnormalities in the devel-
oping infant and as a specific cause of ocular malformations and disease.
Much of our knowledge of congenital abnormalities has been attributed to
"the painstaking records of clinical observers who have collected vast num-
bers of examples of all kinds of malformations."70 Such efforts by clinicians
have allowed abnormalities to no longer be thought of as entirely fortu-
itous and meaningless, but as a source of essential information and oppor-
tunity to investigate and understand their causes.

Two ophthalmologists made major contributions to our knowledge of
the epidemiology, pathogenesis, and clinical course of fetal disease. Most
important were the observations of Gregg,' who was the first to present
conclusive evidence of the teratogenic effect of a virus. He proposed the
new concept that maternally transmitted infection could have extensive
damaging effects involving multiple organ systems of the developing fetus.
His lucid descriptions of the ocular and systemic defects of rubella remain
a classic in ophthalmology and a milestone in medical epidemiology.

Earlier, in 1923, a Czech ophthalmologist, Janku, recorded observa-
tions that proved to be extremely important to our understanding of the
toxoplasma organism as a fetal pathogen. He found parasitic cysts in the
retina of an 11-month-old child with congenital hydrocephalus and
"colobomas of the macular area"; however, the organism was not conclu-
sively identified as Toxoplasma gondii until 1928.3132 Working indepen-
dently, Splendore in Brazil observed toxoplasma organisms in the rabbit,
and Nicolle and Manceaux in North Africa found the protozoa in the
spleen and liver of an African rodent, the gondi. They derived the name
Toxoplasna gondii from the Greek word toxon meaning a bow or arc,
which is the most striking feature of the proliferative form of the organ-
ism. 2332

Clinical observations and reports such as those of Gregg and Janku
have received great praise " . . . as excellent examples of how epidemio-
logic observation may be important in unraveling the etiology ofsome dis-
eases and morbid conditions. They also serve to remind us that although
advances have been increasingly based on laboratoxy research, the obser-
vation and recording of naturally occurring events still holds a time-hon-
ored place as a significant method of research."33

RUBELLA

Following the early descriptions by 2 German physicians, de Bergen in
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1752 and Orlow in 1758, the disease became known colloquially as
German measles. These investigators gave the first clinical descriptions of
this acute exanthem as a separate entity and gave it the German name
"Rotheln," which was used for many years. In 1815, Maton further
detailed the clinical characteristics, and in 1866 the Scottish physician
Veale described 30 cases. Considering the term "Rotheln" to be "harsh
and foreign," he introduced rubella as a "short and euphonious name."
Since that time, "rubella" has been generally accepted but is frequently
interchanged with "German measles."'7'4-5

Gregg's observations in 1941 were actually. published as "Congenital
cataract following German measles in the mother" and made a major
impact forever on the importance of this mild infectious disease of child-
hood.' Gregg, as an ophthalmologist, noted several infants with cataracts
having an unusual appearance that was not common to his experience.
The story is related of the serendipitous presence of 3 mothers in his office
waiting room with infants having cataracts. They discussed their pregnan-
cies and noted the coincidental early measles infection each had experi-
enced, information which they shared with their doctor.`4 Over a period
of months Gregg examined 10 additional infants with similar cataracts,
noting many to be small and sickly babies and often with small eyes. With
his peers he ultimately gathered a total of 78 cases, confirming the associ-
ation that these were babies born of mothers who had rubella during the
early stages of their pregnancies.' Within 2 years the epidemiologist Swan
and his colleagues confirmed and expanded Gregg's observations, record-
ing the major associations of congenital heart disease, cataracts, deafness,
the frequent presence of low birth weight, failure to thrive, and signs of
meningitis with central nervous system damage.6 A quarter century
elapsed before the isolation and identification of rubella as a virus and as
the specific organism responsible for both a mild exanthematous disease
and the devastating effects of intrauterine infection on the fetus.6-2

The rubella epidemics of 1963-1964 produced thousands of afflicted
infants and, although tragic, did enable investigators to observe and con-
firm for the first time the pathogenic chronology of maternally transmit-
ted infection, utilizing scientific methods that had never previously been
possible. That fetal malformations and defects could result from early ges-
tational infection was well known. These infants, however, exhibited man-
ifestations of fetal infection never previously recognized: the presence of
chronic disease in the newborn. They not only had active meningoen-
cephalitis and liver and spleen enlargement, but also harbored live virus in
almost every bodily organ and actively shed viruses in most bodily fluids
and secretions. The magnitude and severity of fetal injury observed
through this period motivated extensive study of the natural history of
rubella, and a large-scale effort was made to prevent infection through the
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development of an effective vaccine and immunization program. The first
vaccine was licensed in the United States in 1969, and reduction in con-
genital infection from rubella has been both dramatic and long-stand-
ing. 17,33,36

TOXOPLASMOSIS
The protozoa T gondii was first recognized as a cause of disease in animals
and continues to be a concern as a cause of abortion in sheep and swine in
certain countries.32 Following the early report by Janku, it was not until
1939 that Wolf and associates in a series of studies identified T gondii first
as a cause of infantile encephalitis and later documented the protozoa as a
cause of maternally transmitted fetal infection and disease.37 The primary
diagnostic serologic test, the dye test, was developed by Sabin and
Feldman in 1948.38 This enabled investigators to study the clinical aspects
of toxoplasmosis and to demonstrate that the organism T gondii was, in
fact, the cause of widespread human infection. Several ophthalmologists
have been prominent in research and clinical investigation of toxoplasma
as a major cause of ocular infection, particularly of the retina. Hogan,
Kimura, and O'Connor have made numerous contributions in this area 13-15
Wilder's observations of toxoplasma organisms in a series of cases of poste-
rior uveitis thought originally to have been mainly due to tuberculosis pro-
vided a major breakthrough in our knowledge of toxoplasma as a cause of
retinal disease.'6 The studies of Perkins24 constitute a major contribution
to our understanding of congenital retinochoroiditis and the concept that
with few exceptions active retinochoroiditis, recurrent satellite lesions, or
old, healed, inactive retinal lesions are all manifestations of congenital
infection. Review of current literature is noteworthy for the innumerable
studies, reports, and laboratory contributions of Remington and coworkers
in the United States, Desmonts and coworkers in France, and the Chicago
Toxoplasmosis Study Group directed by McLeod.227323942

STUDY DESIGN, PATIENTS, AND METHOD

This study consists of prospective observations of 2 separate patient pop-
ulations, each consisting of individuals with ocular defects and congenital
infection demonstrated by culture or serologic methods. A total of 55
cases is included.

THE RUBELLA COHORT
The rubella cohort is made up of 34 patients with congenital rubella syn-
drome (CRS). This term is used to denote the almost universal presence
of rubella-assocaited abnormalities when ocular defects are present. The
major portion of the CRS, or rubella, group was recruited in 1965 as part
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of a personal research project in conjunction with the Perinatal Research
Branch of the National Institutes of Health. Twenty infants with ocular
defects were documented to have rubella by virus isolation from a total
study population of 45 infants. Recovery sites included conjunctiva,
throat, aqueous, iris, and lens. Other individuals in this continuing series
were also identified as CRS infants during the same period. Based on
their recruitment and follow-up in either private ophthalmologic offices or
in the clinic service of what was then named The Children's Hospital of
the District of Columbia, they are divided into 2 separate groups and des-
ignated as "private cases" or "clinic cases." Sixteen infants are included in
the former and 18 in the latter hospital-based clinic source. Several cases
were added from other ophthalmologic practices during that postepidem-
ic period. It is to be noted that inclusion in the study group required both
the presence of an identifiable ocular defect and a positive diagnosis of
rubella by virus isolation or serologic confirmation.

TOXOPLASMA GROUP
The second patient population consists of 21 individuals with clinical evi-
dence and serologic confirmation of congenital toxoplasmosis. In the
majority of cases, serologic confirmation in the mothers was also obtained.
These patients have been included in the study group on a consecutive
basis with the earliest recruited and examined in 1965. Individuals with
combined diagnoses (eg, toxoplasma and HIV or toxoplasma and CMV)
have been excluded from this study group. Some individuals have been
followed for the entire period and others added as their disease process
was identified.

METHOD

A roster of patients from the 1965 rubella study that had been maintained
were carefully reviewed and all available survivors reexamined. Some
cases have been followed on a consecutive basis by the author, associates,
or peers for as long as 32 years. Since the majority of these patients had
been hospitalized at least one time at the same children's hospital, it was
possible to retrieve and review the archival records. Clinical records were
easily available for those patients still under care. A significant number of
individuals in the "clinic patient" population, however, were either
deceased or "lost to follow-up." This is thought to be at least partially due
to the multi-handicapped status of these children and the frequent dis-
ruption in their family lives. There was a significant incidence of psy-
chomotor retardation and cardiac disease among children in this rubella
group, and it is presumed that many of them are deceased.

A greater number of the "toxoplasma patients" have been available to
follow-up for longer periods of time. Their records have been reviewed,
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Maternally Transmitted Rubella and Toxoplasmosis 821

the patients reexamined, serologies repeated, and photographic evidence
of the disease process provided when indicated.

FACTORS INFLUENCING THE OUTCOME OF CONGENITAL INFECTION

GENERAL BIOLOGIC FACTORS
The term "congenital disease" is used here to indicate any manifestation of
illness present at birth or shortly thereafter that results from transplacen-
tal infection by a microorganism. Table I lists the numerous microorgan-
isms known to cause fetal infection. The specific microorganism is the pri-

TABLE I: MICROORGANISMS KNOWN TO CAUSE FETAL
INFECTION AND OCULAR EFFEcreA

CLASSF- ORGANISM CONGENrrAL CONGENrTAL OCuLAR
CATON OR DISEASE MALFORMATON DISEASE MALFORMATION

OR DISEASE

VIRUSES Rubella + + +

Cytomegalovirus + + +
Herpes simplex (+) + +
Varicella zoster + + +
Mumps (+) -

Rubeola - + (+)
Vaccinia - +
Smallpox - + +
Coxsackieviruses B (+) +
Echoviruses - +
Polioviruses - +
Influenza - (+) -

Human immunodeficiency virus (+) + +
Hepatitis B
Lymphocytic choriomeningitis virus - +
Parvovirus Bl9 - +
Epstein-Barr virus + +
Western equine encephalitis - (+) -

BACTERA Treponema pallidum - + +
Mycobacterium tuberculosis - +
Listeria monocytogenes - + +
Campylobacterfetus - +
Salmonella type foca - +
Borrelia burgdorferi - + +

PROTOZOA Toxoplasma gondii - + +
Plasmodium - + +
Trypanosoma cruzi - +

FUNGI Candida albicans - + +

Symbols: + = Documented occurrence; (+) = Suggested occurrence (not documented); - =

No known occurrence.



mary cause of the fetal infection; however, infection may occur without
disease, particularly in reference to the fetal response to microbial inva-
sion.

"Infection" denotes colonization, multiplication, and completion of the
pathogenetic process of the organism in the host, including induction of
immune response but without producing recognizable pathologic or clini-
cal manifestations.' An inadequate challenge dose, an unsuitable portal of
entry, or specific host immunity may explain failure of infection to occur.
Whether infection causes disease and to what degree, are dependent on
the properties of the agent (pathogenicity and virulence) and partly by
host defense mechanisms. Many contributing factors influence whether
infection will actually occur and whether disease will result.

"Disease" is present when pathologic and clinical changes occur sec-
ondary to infection, however, the host system, when exposed to infective
agents, may have a gradient response. The several possible outcomes (Fig
1) have been well stated: "Given exposure, infection may not occur; given
infection, disease may not result; given disease, it may range from trivial to
the fully developed syndrome characteristic of the agent."29

Many infants infected in utero are asymptomatic at birth or have no
signs of congenital disease in early neonatal life. This may be due to fetal
infection by a limited inoculum of organisms or with a strain of low viru-
lence or minimal potential for teratogenicity. In contrast, infants exposed
to major infection early in gestation may have signs of widely disseminat-
ed infection during the neonatal period, reflecting microbial invasion, pro-
liferation, and tissue damage rather than defects in organogenesis. These
pathologic processes may have been in progress for weeks or months dur-
ing gestation but still be self-limited and resolve as defense mechanisms
control the spread of the infection and tissue destruction. Both in utero
infection and infection acquired during the birth process may lead to late-
onset disease, inapparent at birth but showing signs months or years later.
This is well demonstrated by the recurring chorioretinitis of T gondii,
delayed hearing deficits of rubella, and the immunologic defects of the
human immunodeficiency virus (HIV).2

ROUTES OF INFECTION
Infection ofthe Maternal System. Although pregnant women are regular-
ly exposed to great numbers of microorganisms, only a few ever reach the
developing fetus, cause fetal infection, or congenital malformations. Viral
infections in the fetus and newborn, however, are not rare and may be pre-
sent in as many as 6% to 8% of all live births, approximately 3 times the
frequency of systemic bacterial disease.3 Maternal host defense mecha-
nisms are generally very effective in eliminating microbial invaders in the
respiratory and gastrointestinal tracts, and the placenta also appears to be
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CLINICAL COURSE AND POSSIBLE OUTCOMES OF MATERNALLY TRANSMITTED INFECTION

Complete Recovery
without infection

Chronic disease Late recurrence Long term
with or without * - or delayed onset - * developmental
malformation disease disorders

* suspected, not documented

FIGURE 1
Clinical course and possible outcomes of maternally transmitted infection.

an effective protective barrier for the fetus. Consideration of the several
routes by which microorganisms are transmitted from the external envi-
ronment to the maternal and fetal systems to cause defects or infection of
the fetal eye is complex ( Fig 2). The 2 most common routes by which
microorganisms enter the maternal system are through the respiratory and
gastrointestinal tracts. Nasal inspiration or oral ingestion of infected
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ROUTES BY WHICH CONGENITAL INFECTION MAY CAUSE OCULAR DISEASE

Bacteria, Viruses, Protozoa, Fungi

I I
Oral Nasa-Oral

Gastrointestinal Respiratory Genital
Route Route Route

MATERNAL Invasive
Diagnostic or
Therapeutic
Procedures

I Birth Canal
Lymphatic Route Neural Route Hematogenous Route Exposure

OCULAR DEFECTS
OR DISEASE

.suspected, not documented

FIGURE 2
Routes by which congenital infection may cause ocular disease.

fomite particles are common occurrences with bacterial and viral organ-
isms, particularly rubella, HSV-1, and varicella. The gastrointestinal sys-

tem is the most important route of infection for T gondii, which occurs by
the ingestion of infected meat or contact with domestic housecats and
associated fecal contamination.3243 The mucous membranes of the genital
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tract are both a source of active infection and a reservoir for several sexu-
ally transmitted diseases. Organisms commonly found to infect these tis-
sues and to harbor in them as a chronic source of infection include HIV,
herpes simplex virus type 2 (HSV-2), chlamydia, cytomegalovirus (CMV),
and Treponema pallidum. The least common routes of infection are the
skin surface and mucous membrane of the conjunctiva. The tick-borne
Lyme borreliosis and mosquito vector of malaria have both been implicat-
ed in the causation of fetal infection, and laboratory contamination of the
conjunctiva is suspected as a source of acquired toxoplasmosis.25

Infection of the Fetal System. The hematogenous route with transpla-
centa] transmission is the most common source of fetal infection (Figs 1
and 2). Most microorganisms will pass through the placental barrier, and
in instances of massive placental infection, intense focal necrosis, or vas-
cular infarction, even larger organisms will gain entry into the fetal circu-
lation. Another well-described route of contamination of the fetal envi-
ronment is the ascending route of microorganisms from the maternal
cervix or vaginal canal causing subsequent infection of the fetal mem-
branes and amniotic fluid (amnionitis).2 Such ascending infection may be
more likely to occur following premature rupture of the membranes or a
prolonged course of labor. It is also known, however, that microorganisms
can invade the intact amniotic sac, and it is suspected that small localized
areas of pressure necrosis may occur at the cervical os, possibly creating
minute channels for organism entry.29 Transmission of organisms from
lymphatic channels through the fetal membranes has been suggested but
not documented.230

An additional but uncommon source of fetal infection has been
demonstrated through contamination from localized infection of adjacent
structures. Abscesses of the myometrium, endometritis, peritonitis, and
descending salpingitis may rarely be additional routes of microorganism
transmission to the developing fetus.2

Contemporary methods of prenatal diagnosis and fetal therapeutic
measures are also uncommon but documented sources of fetal infection.
These may include diagnostic amniocentesis, fetal blood sampling, and the
insertion of scalp clips for echocardiographic monitoring. Fetal transfu-
sion has been reported to cause overwhelming fetal infection.2

Infections of the Eye. The final routes of microbial transmission are
those coursing within the fetal system to the target or shock organ, the eye
itself (Fig 2 and Table II). The most direct and prominent route contin-
ues to be via the bloodstream to the developing eye. The lymphatic sys-
tem may play a minor role in the transmission of infection.' In the
absence of cell-mediated or humoral immune defenses until approximate-
ly the 20th week of gestation, microbial organsisms pass virtually unchal-
lenged through the capillary network to every part of the eye. Certain
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TABLE II: RoUTES OF INFECTION OF MICROORGANISMS KNOWN TO
CAUSE OCULAR MALFORMATION OR DISEASE°

ORGANISM HEMATOGENOUS ASCENDING BmTH CANAL INvASIVE
OR DISEASE TRANSPLACENTAL INFECTION EXPOSURE DIAGNOSTIC OR

WITH THERAPEUTIC
AMNIONITIS PROCEDURES

VIRUSES
Rubella + - -
Cytomegalovirus + + + (+)
Herpes simplex type 1 + + + +
Herpes simplex type 2 + + + +
Varicella zoster +
Human
immunodeficiency
virus + + +
BACTERIA
Treponema pallidum + + +
Mycobacterium
tuberculosis +
Listeria monocytogenes + + + +
Borrelia burgdorferi +
PROTOZOA
Toxoplasma gondii +
Plasmodium +
FUNGI
Candida albicans + + + +

Symbols: + = Documented occurrence; (+) = Suggested occurrence (not documented); - =
No known occurrence documented
*Organisms harbored in the genital tract and commonly known to cause ophthalmia neona-
torum are not included.

organisms (herpes simplex virus and varicella-zoster virus [VZV] ) may
infect the eye directly as a primary infection or harbor in neural ganglia as
sites of potential delayed secondary infection.44 Surface infections of the
periorbital skin, conjunctiva, and cornea are common sites of perinatal
infections (Table II).

Perinatal Infection. Since the majority of fetal infections are asympto-
matic at birth and diagnosis usually occurs in the neonatal period, it is
often difficult to differentiate between those conditions in which infection
was prenatal in origin, occurred from a late ascending infection, or result-
ed from intrapartum contact in the birth canal. However, both rubella
virus and T gondii are generally transmitted to the fetus via the transpla-
cental hematogenous route and such distinctions are less important for
these organisms.

826



Maternally Transmitted Rubella and Toxoplasmosis

ROLE OF IMMUNITY
The mature human host is normally protected against invading microor-
ganisms by an array of protective mechanisms and immunologic respons-
es designed to recognize and eliminate foreignness.45 The fetus and new-
born are particularly vulnerable to infectious agents that take advantage of
their relatively immature and inexperienced immune system. The prima-
ry transfer of protective antibody from the maternal to the fetal system
occurs by way of the passage of IgG immunoglobulin. Immunity to a spe-
cific agent which has developed following natural infection or that induced
by a vaccine may give permanent lifelong immunity. Immunity acquired
passively by injected gamma globulin, however, may be effective for only
a short period.

IgG. Maternal IgG accounts for the vast majority of the newborn's
immunoglobulin, because almost none is made by the healthy fetus, and IgG
is the only maternal immunoglobulin that crosses the placenta. Maternal
transport of IgG can be detected as early as 8 weeks gestation, and the new-
born IgG level is directly proportional to gestational age (Fig 3).

Although some maternal IgG may be transmitted in the first trimester,

IgG
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FIGURE 3
Schematic of immune response in the mother, fetus, and infant after maternal and fetal
rubella infections in first trimester of pregnancy.
Adapted, with permission,from Alford CA. Immunology ofrubella. In: Cooper LZ, Preblud
SR, Alford CA. In Remington JS, Klein JO, eds. Infectious disease of thefetus and newborn
infant. Philadelphia: Saunders; 1995:282.
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the majority of maternal IgG reaches the fetus after 32 weeks gestation
and endogenous synthesis does not begin until about 24 weeks gestation.
Therefore, the majority of maternal IgG transmission to the fetus is dur-
ing the last 8 weeks of full-term gestation.45

The IgG transferred from the mother to the fetus has been demon-
strated to protect the newborn from many infectious agents, including
viruses such as varicella, polio, measles, mumps, and rubella, and from
bacteria such as tetanus, diphtheria, influenza type B, and group- B strep-
tococcus.45

IgM. Exposure to most antigens induces an initial IgM response in the
mature immune system, which is followed shortly by an IgG response.
Some, but not all, fetuses near term can also make IgM and IgA antibod-
ies to organisms such as rubella and toxoplasma.

The amount of fetal antibody produced is in response to intrauterine
antigenic stimulation and is proportional to gestational age.46 The fetus
challenged by infectious organisms in utero responds with antibody pro-
duction largely of the IgM variety. Since IgM is a heavy substance with a
high molecular weight, it does not cross the placental barrier and none is
transported from the maternal system. The presence ofIgM levels greater
than 20 mg/dL in the cord blood or in the infant serum is considered
abnormal and suggests the presence of congenital infection.4546

IgA. This is primarily a secretory immunoglobulin that exists primari-
ly on mucosal surfaces, where it is found in all secretions, and is present in
a high concentration in breast milk. Since IgA is not absorbed, it persists
on the mucous membranes and provides host defenses at the tissue sur-
faces where it neutralizes viruses, prevents the adherence of bacteria, and
reduces the incidence of enteric infections, particularly in breast-fed
infants.

IgE. This is produced by plasma cells near gastrointestinal and respi-
ratory mucosal surfaces. Its main function is to trigger immediate hyper-
sensitivity reactions and enhance the release of other immune factors,
such as IgG and complement. Although IgE probably plays an important
role in protecting against parasitic diseases in the mature host, none is
transported to the fetal system from the mother and little is produced in
the fetal system before birth.

Cellular Components of the Inflammatory Response. The cellular
responses are carried out primarily by phagocytic cells, such as polymor-
phonuclear leukocytes (PMNs), monocytes, and macrophages, and secon-
darily by eosinophils and lymphocytes. PMNs are first produced in the
liver at about 2 months gestational age. By 5 months of gestation, the bone
marrow has become the primary hematopoietic center, and liver produc-
tion has diminished.45 The PMN, or neutrophil, is the most abundant
phagocyte in the human host and the most important component in the
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cellular defense system. Circulating phagocytes, generally adequate by
the fifth month of gestation, have 3 primary defense functions: migration
to the site of infection, recognition and ingestion of invading microorgan-
isms, and killing and digestion of these organisms.

Immunologic Response to Prenatal Infection. Fetal immune responses
vary considerably depending on the specific organisms, the time of gesta-
tion, and the competency of the maternal immune system. Diffuse
viremia in congenital rubella, for example, incites very minimal immune
response, and infection during the first 5 months of gestation may have
viral persistence with neonatal infection extending from 6 months to 3
years despite passive antibody acquired from the mother and active anti-
body synthesis by the infant. After birth the infant may continue to shed
virus while making antibodies, and a variety of abnormal antibody respons-
es has been reported in children with CRS, which probably account for an
increased frequency of other infections.45

The rubella virus appears to incite teratogenic effects and congenital
defects during the first 8 weeks of gestation. In later pregnancy, the organ-
ism's effect is primarily inflammatory, as evidenced by the hepatitis, irido-
cyclitis, and meningitis of the congenital rubella syndrome.45

MATERNAL FACTORS

Pregnant women are exposed to many microorganisms in their environ-
ment. This is particularly true in families where young children often har-
bor infectious disease. Most such infections in the mother are limited to
the respiratory and gastrointestinal tract, posing litfie risk to the develop-
ing fetus. Maternal host defense mechanisms generally respond to pre-
vent infection or to keep them localized and the placenta provides a pro-
tective barrier to most microbial agents.

Age appears to be a factor in the frequency of primary viral infections
in pregnant women, and the incidence of infection is inversely propor-
tional to maternal age. Because of a relative lack of immunity, young chil-
dren are particularly susceptible to viral infections and are at a high risk of
exposure. The older maternal systems have developed a greater immune
resistance and are less susceptible to exposure and infection.3'29

Many infectious diseases that eventually will have serious conse-
quences for the fetus are clinically mild and unrecognized in the mother.
It has been well documented that only 50% to 60% of women infected
with rubella virus will have a recognizable rash, and acquired toxoplasmo-
sis is generally a benign condition in its active stages and frrequently goes
undiagnosed in pregnant women.7

The key to fetal protection against most microorganisms is the pres-
ence of a high level of maternal immunity, such as develops after natural
infection or induced by vaccine. Except in rare cases, an absolute immu-
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nity is conferred against infection from certain organisms. In the case of
rubella virus and T gondii, the fetus is protected by maternal immunity,
and infection by these organisms will only occur as a result of primary
infection. In the case ofCMV and HIV, permanent immunity is not devel-
oped and infection may result, either from primary or recurrent infections,
and may also occur in multiple pregnancies.2

Although maternal host defense mechanisms and the placenta appear
to provide a protective barrier for the fetus from most maternal infections,
damage to the fetus may occur in the absence of actual fetal infection
because of severe systemic illness in the mother or alteration of placental
function. Severe nutritional deprivation during pregnancy may affect the
size and vitality of the fetus. As nutritional deprivation becomes more
severe, first weight, then length, and finally brain mass is affected.47
Adequacy of the placental circulation becomes a progressively more
important factor as pregnancy progresses. Placental ability to provide ade-
quate nutrition may be severely compromised in the presence of placental
infection.

FETAL FACTORS

The two most important factors related to fetal susceptibility to infection,
particularly in the early weeks of gestation, are the almost total absence of
defense mechanisms and the high rate of cell division and rapid growth. It
is not until the beginning of the third month of gestation that the fetus
begins to develop its nonspecific immune protection to provide a phago-
cytic response to invading microbial organisms.46 Although the maternal
system produces high levels of IgM in response to acute infection, these
are of no benefit to the developing fetus, since IgM molecules will not
cross the placental barrier (Fig 3).

To restate the fetal immune status, the fetus remains incompetent to
produce IgM until the third trimester, and its major immune protection is
provided by the transmission of maternal IgG, which will often not reach
effective levels until between the 26th and 32nd week of gestation.4'

The period of maximum susceptibility to the devastating effects of
infectious agents or teratogens extends through the first 20 weeks of ges-
tation with its peak between the 10th and 12th weeks. The most active
period of organogenesis is considered to be between days 18 and 40 of ges-
tation for the development of major malformations, excluding genital mal-
formations and cleft palate, which have longer periods of sensitivity.','
Sensitivity of the fetus for induction of mental retardation and micro-
cephaly appears to be greatest at the end of the first and beginning of the
second trimester.

It has been well established that the gestational age of the fetus or the
time during pregnancy in which the mother is infected is a major factor
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influencing both the frequency and severity of fetal tissue damage. Fetal
injury from rubella virus infection, for example, will have serious effects on
100% of the infants when infection occurs in the first 11 weeks of gesta-
tion, with 8 weeks being the peak of injury. Between the 12th and 20th
week, congenital rubella defects are present in 30%, and no defects will
generally be present with infection occurring after 20 weeks.3

AGENT/ORGANISM FACTORS
Numerous microorganisms have been documented to cause fetal infection
and disease. Some have teratogenic potential, and early fetal exposure
during the period of organogenesis (particularly during the first 8 weeks of
gestation) may result in structural malformations or arrests in organ devel-
opment. Table I lists all organisms known to have a fetal effect, plus sev-
eral that are suspected but not documented. Of these various classes of
organisms, viruses, bacteria, protozoa, and fungi, several are known to
cause sig-nificant degrees of fetal morbidity and mortality. Viruses consti-
tute the largest group of organisms known to be transmitted through the
materual systems to the fetus, and of the many families of viruses known
to be pathogenic to humans and animals, the greatest number are classi-
fied in the herpes family (Herpesviridae). These include herpes simplex
types 1 and 2, the varicella-zoster virus, cytomegalovirus, Epstein-Barr
virus, and human herpes virus-6.49 Although these organisms have a sig-
nificant cumulative effect as causes ofhuman infection, none have had the
major impact on the number and severity of fetal infections as have the
rubella virus and the protozoa, Toxoplasma gondii.

There are several major factors relating to the microbial agent or
microorganism that determines its ability to cause infection and disease.
Microbial agents are collectively described as invading, living parasites,
and each has properties directly related to its ability to cause disease and
to its perpetuation in the host. The organism's ability to infect host tissues
and cause disease rely on several specific host-related properties:
* Infectivity: the ability to invade and multiply in a host
* Pathogenicity: the ability to induce disease, which may be affected by
the size of the inoculum, or infecting dose

* Virulence: the ability of a microorganism to overcome defense capabili-
ties of the host and cause clinical disease

* Immunogenicity: the ability to induce a specific immunity; for example,
rubella virus and T gondii induce solid and long-lasting immunity

* Adherence: many pathogenic microorganisms are thought to be aided in
their ability to produce disease by the presence of certain adhesive or
adherence properties that allow a pathogen to gain a "foothold" on the
mucosal surfaces of the host-0
All microorganisms also have certain common properties that become
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operative in the causation of infection and that can be considered to occur
in 5 major stages:
1. The organism must come into contact with a host, usually at a mucos-

al surface, and adhere to the site.
2. Proliferation of the organism must occur at the local site, allowing the

number of organisms to increase in order to cause disease.
3. A stage of local tissue damage follows.
4. Toxin may be produced and can act locally or systemically.
5. Tissue invasion and dissemination of the organisms to other parts of

the body occur.50

OBSERVATIONS/RESULTS

RUBELLA
Numerous studies have demonstrated that 70% to 80% of infants born to
mothers who had rubella during the first month of gestation will have one
or more severe rubella-associated anomalies6'-2 (Table III and Table IV).
These include defects of the heart, eyes, hearing organs, or central ner-

TABLE IV: OcuLAR DEFECTS IN CONGENITAL RUBELLA SYNDROME

PRENATAL ONSET* PRENATAL OR DELAYED ONSET
POSTNATAL ONSETt

Iritis Microphthalmia Glaucoma
Iridocyclitis Cataract Cataract
Corneal clouding Glaucoma Optic neuritis
Intraocular pressure elevation Comeal opacification Optic atrophy
Virus presence in conjuctiva, Retinopathy Strabismus
aqueous and lens Iris hypoplasia Nystagmus

Strabismus Subretinal neovascularization
Nystagmus Keratoconus
Staphyloma formation' Lens absorption
Phthisus bulbil Corneal hydrops
Visual impairment

"May be transient.
'Usually permanent.
'Usually surgical sequelae.

vous system. Whereas hearing deficits, the most common of all rubella-
associated defects, may often occur as an isolated defect, with rare excep-
tion, ocular anomalies occur in combination with other rubella-related
defects."8,' Infants who present with cataracts, microphthalmia, or glau-
coma, therefore, have generally been subject to widespread viral dissemi-
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nation and are often multi-handicapped.
All 34 rubella patients have ocular abnormalities and were confirmed

by virus isolation. Patients have been divided into 2 groups according to
their entry source and follow-up facilities, either through private ophthal-
mology offices or the ophthalmology service of a large children's hospital.
The former are listed as "private patients" and are recorded in Table V(A).
The latter are listed as "clinic patients" and are continued in Table V(B).
All of the patients in this series were examined within the first several
months of life except for case No. 3 (see Table V), who was referred and
first seen at age 8 years after undergoing multiple surgical procedures and
also had major adverse sequelae. In addition to their ocular findings, all
patients in this series had other major rubella-related defects. The most
frequent were congenital heart defects; the second most common were
varying degrees of psychomotor retardation; and third were severe hear-
ing deficits (Table III).

Mortality
Of the 16 private patients, 3 are known to be deceased (18%). One
death was at age 3 years of unknown cause, 1 at age 13 of a spontaneous
pneumothorax, and 1 at age 32 from acute bacterial sepsis. Of the clin-
ic patients, 6 of 18 (33.3%) died early of rubella-related congenital heart
defects; 5 infants died by 3 months of age (several during cardiac surgi-
cal procedures) and 1 at 16 months. Several clinic patients who were lost
to follow-up had multiple cardiac defects and are presumed to be
deceased.

Follow-up
Private patients had considerably longer follow-up than clinic patients
(Table VI). Twelve of 16 private patients (75%) were observed for more
than 5 years, 10 (62%) for more than 10 years, and 6 (37%) for more than
20 years. Of the clinic patients, only 2 of 18 patients (11%) had any con-
tinuous follow-up, for 11 and 12 years respectively.

Lost to Follow-up
The multi-handicapped status of the majority of both groups of congen-
ital rubella patients contributed significantly to their families' inability to
maintain continuous care. Of the private patients, 7 of 16 (44%) discon-
tinued their private care without explanation and became lost to follow-
up. Of the clinic patients, their status is recorded as either "unknown"
after their early hospital inpatient or outpatient care or "deceased." Two
handicapped children were observed for 11 and 12 years, and only 1
other was observed for 26 months before these 3 also were lost to fol-
low-up.
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TABLE VI: DURATION OF FOLLOW-UP OF CONGENITAL RUBELLA PATIENTS

TIME "PRIVATE" PAnENTS "CLINIC" PATIENTS TOTAL

0 - 12 mo 1 11 12
1-5yr 3 5 8
6- 10yr 2 0 2
11-20yr 4 2 6
21-33yr 6 0 6
TOTAL 16 18 34

Ocular Defects
The infant in Fig 4 (case 17) is representative of congenital rubella syn-
drome with low birth weight, bilateral cataracts, and multisystem defects.

Cataract. Of the 34 study patients, 29 (85%) had cataracts at birth or
at the time of first examination. Twenty-one were bilateral (72.5%), and 8
were unilateral (27.5%). The incidence of cataracts was slightly higher in
the private group (15 of 16 patients, or 94%) than in the clinic group (14

.... ::....... ...

....,,,l4...... ...l

..,., .. ..I..I..11..

...~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. ._

FIGURE 4
Case 17. Full-term newborn infant with culture-proven congemital rubella syndrome. Birth
weight was 4 lb 4 oz. Bilateral cataracts, microphthalmia, microcephaly, and
hepatosplenomegaly were present. Infant died at age 2 weeks from congenital heart defect.
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of 18, or 78%).
Microphthalmia. Excluding 1 case for whom the eye size was not

recorded, all cataractous eyes in this series were microphthalmic, except in
1 infant who had bilateral cataracts with both eyes of normal size (case 19).
All eyes that were microphthalmic also were found to have cataracts, with
the exception of 2 cases. In 1 individual, half of the cornea of 1 eye was
opaque (case 31), and in another (case 25), 1 cornea was completely
opaque and ectatic and the other eye had a transient corneal haze and
intraocular pressure elevation (Fig 5A-C.)

Glaucoma. Only 1 patient in this series of 34 developed an infantile-
type glaucoma with enlarged cloudy corneas, elevated intraocular pres-
sure, and Haab's stria (breaks in Descemet's membrane). This diagnosis
was confirmed at age 1 year, although ophthalmologic examination 6
months previously had noted only a slight difference in eye size. This indi-
vidual has had multiple operations, including 2 goniotomy procedures on
each eye and a trabeculectomy. The current status is "medically controlled
intraocular pressure" after 32 years of follow-up (case 7). Six other cases
of severe glaucoma have occurred in aphakic patients. Two eyes devel-
oped intractable glaucoma following multiple surgical procedures and
subsequently developed corneal, scleral, and corneoscleral staphylomata
that resulted in enucleation. In 4 of these 6 patients the glaucoma was
bilateral. All were microphthalmic eyes, which initially had cataract aspi-
ration procedures within the first year of life. Each ofthese eyes was reop-
erated with at least one, and usually several, capsulotomy or capsulecto-
my procedures for secondary cataract membrane formation. Onset of
glaucoma was usually delayed and not diagnosed until after 6 to 8 years,
although glaucomatous changes may have occurred earlier. Examination
of these rubella-affected children, who were usually deaf and retarded,
was often quite difficult.

Four patients in the clinic group initially presented with a hazy or ede-
matous appearance to the cornea, which was generally associated with
increased intraocular pressure. In each case, the altered corneal trans-
parency cleared and intraocular pressure normalized over a short period.
Fig 5A is representative of these eyes.

Cornea. Three private patients (cases 1, 3, and 5) had severe corneal
changes related to their intraocular pressure elevation and corneal degen-
eration. Case 5 developed an aphakic bullous keratopathy requiring pen-
etrating keratoplasty, which, following rejection, was repeated. The other
2 abnormal staphylomatous and ectatic corneas were in eyes that were
eventually enucleated. Two patients had grossly abnormal corneal devel-
opment from birth. In case 25 (Fig 5A) the right microphthalmic eye has
a hazy cornea and increased intraocular pressure and the left eye an
opaque cornea with a large central ectasia. The latter increased in forward
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FIGURE 5A
Infant with culture-proven congenital rubella syndrome (case 25) with slight microphthalmic
right eye. Transient corneal haze and early intraocular pressure elevation resolved sponta-
neously. (AFIP Neg. 65-5801-2)

FIGURE 5B*
Abnormal opaque cornea of left eye (case 25) with large central ectasia for which emergency
lamellar keratoplasty was performed because of fear that rupture of ectatic cornea was immi-
nent. (AFIP Neg. 67-5801-3)

FIGURE 5C*
Lateral view of left eye (case 25) with ectatic opaque cornea. (AFIP Neg. 67-5801-5)

° Several previously published photographs and photomicrographs are reproduced through
the courtesy of Lorenz E. Zimmerman MD and with permission of the American Journal of
Ophthalmology and the Ophthalmic Publishing Company. The histopathologic material of
Figs 5A-C, 24A and B, and 26-29 were prepared by Dr Zimmerman and the clinical photos
were originally provided by this author in: Histopathologic basis for ocular manifestation of
congenital rubella syndrome: The Eighth William Hamlin Wilder Memorial Lecture. AmJ
Ophthal. 1968;65:837-862.
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displacement and was imminent to perforation, and a supportive lamellar
keratoplasty was performed (Figs 5B and 5C). The isolation of rubella
virus provided an unexpected diagnosis for this infant with a grossly
abnormal cornea. Case 31 presented with a white and densely opaque
plaque involving one half of one cornea, retinal hemorrhages, a chori-
oretinal scar, and significant hearing impairment.

Retinopathy. Variations in the pigment distribution of the retina were
seen in several noncataractous eyes and in the eyes of several individuals
after cataract surgery had been performed and the posterior segment visu-
alized. Notations were made as to the presence or absence of characteris-
tic retinal pigmentation; however, unilaterality or bilaterality was not
always recorded, and retinal examinations were often difficult and unsat-
isfactory. Several studies have reported neovascularization in long-term
follow-up of rubella retinopathy,51'52 but none was observed in any patient
in this study.

Nystagmus. Nystagmus was present in about 50% of infants and was
always more prominent when cataracts were bilateral and surgery was
delayed.

Vision. Accurate measurement of visual acuity was usually difficult
because of the numerous ocular defects and the nature and severity of
retardation and hearing deficits. Often, only estimates of vision were
possible.

TOXOPLASMOSIS
Twenty-one patients with a diagnosis of toxoplasmosis based on accepted
clinical and serologic criteria have been examined and observed over many
years. The longest patient follow-up was 34 years, with 7 individuals
observed for 20 years or more and 13 for at least 10 years. Records of sev-
eral patients observed by other ophthalmologists have been available for
review.

Time of Initial Evaluation
Of the 21 patients in the study group, 7 presented for ophthalmologic
examination before age 1, 13 before age 4, and all 21 by age 8 (Table VII).
The earliest examination (case 1, Table VIII) was performed in the new-

TABLE VII: AGE OF INITIAL OPHTHALMOLOGIC EXAMINATION OF PATIENTS
WITH CONGENITAL TOXOPLASMOSIS RANGE: BIRTH - 8 YEARS

AGE-GROUP No. SPECIFIC AGES

Birth-12mo 7 Birth,3,3,5,8,8,11mo
1-3yr 6 1,2,2,2,2,3yr
4-8yr 8 4,4,4,4,4,5,6,8yr
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born nursery following a prenatal diagnosis of hydrocephalus and cerebral
calcification. Three other patients diagnosed before age 6 months have
central vision loss related to macular retinochoroidal lesions and mild to
moderate CNS sequelae, two with microcephaly.

Patients first examined between the ages of 6 months and 12 months
(one 14-month included) have varying degrees ofCNS and visual involve-
ment. Two have macular lesions with no central vision in 1 eye, and the
third has bilateral macular lesions but visual acuity recorded as 20/60 in
each eye. One of this group has moderate to severe mental retardation,
one has a minimal learning disability, and one is a National Merit Scholar
who completed law school (case 6, Table VIII).

Presenting Signs or Symptoms or Reason for Initial Ophthalmologic
Examination
The most common reason for these children to present for ophthalmolog-
ic examination was strabismus. Ten (48%) of the 21 children presented
because of parents' observations of an ocular deviation. Their ages ranged
from 3 months to 4 years. Esotropia was present in 8 children and
exotropia in 2. Two additional patients presented with nystagmus and
associated strabismus, and a single patient presented with a head tilt. The
entire group constitutes a total of 13 of 21 or (62%) of who were first
examined for reasons related to an ocular motility disturbance. Additional
reasons for presentation included 4 children who failed vision screening
tests either at the pediatrician's office or at preschool screening 4 of 21
(19%), and 2 who presented for routine ophthalmologic examination 2 of
21 (9.5%). Two other infants were examined as part of general evaluation
for early CNS abnormalities (9.5%). Both of these infants were initially
examined in the neonatal period before 3 months of age, 1 with hydro-
cephaly and 1 with microcephaly (Table IX).

Spectrum of Outcomes in Congenital Toxoplasmosis
This study confirms the observations of many investigators that congenital
toxoplasmosis may have a broad spectrum of outcomes. Infection and dis-
ease primarily affect 2 major organs that are particularly susceptible to T
gondii in humans-the brain and the eye. Table VIII illustrates this var-
ied severity of disease and degree of disability with two representative
patients in each of four groups.

Group I of Table VIII consists of 2 patients severely affected by tox-
oplasma infection. The initial diagnosis of congenital toxoplasmosis for
case 1 was suspected following a standard ultrasound study in the fifth
month of gestation. Early hydrocephalus and cerebral calcification
were noted, and this child has had continuing evidence of severe brain
damage since birth. Central nervous system injury has included hydro-
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TABLE IX: PRESENTING SIGNS OR SYMPrOMS OF PATENTS W1TH CONGENITAL
TOXOPLASMOSIS: REASON FOR INmAL OPHTHALMOLOGIC EXAMINATION

CONDmON No. REMARKS

Strabismus 10 Ages: 3 mo - 4 yr
Esotropia - 8
Exotropia - 2

Nystagmus/strabismus 2 Ages:- 5 mo, 14 mo
Esotropia - 2

Early central nervous system
abnormality 2 Prenatal hydrocephaly diagnosis

Age 3 mo - microcephaly
Failed vision screening 4 Ages: 4 - 8 yr
Routine exam 2 Ages: 4, 6 yr
Other: torticollis 1 Age: 2 yr

cephalus (treated by ventriculoperitoneal shunt with revision), severe
psychomotor retardation with hemiparesis, an inability to walk, mini-
mal speech, and seizures since age 4 years. The left eye has been
microphthalmic since birth with chronic and recurrent vitreitis and
both posterior and anterior uveitis. This eye has had no light percep-
tion, and progressive pupillary seclusion, and a prephthisical condition
has existed for several years. The right eye has had recurrent
retinochoroiditis, chronic and progressive inflammation with vitreitis,
traction retinal detachments, and cataract formation. Lensectomy with
vitrectomy and membrane peeling has failed to salvage the progressive
course of fibrovascular scar formation and 360% retinal detachment.
This unremitting course of inflammation and degeneration reflects the
most severe ocular sequelae of early intrauterine toxoplasma infection.
A 1-year course of pyrimethamine (Daraprim), sulfa, and leucovorin ini-
tiated at age 2 months failed to alter this devastating inflammatory
process.

Case 2 presented with microcephaly and mental retardation of a
lesser degree. The ocular course, however, has been similar, consisting
of an initial unilateral microphthalmia with chronic inflammation,
including vitreitis. Progressive traction retinal detachments were unre-
sponsive to vitreoretinal surgery of the fellow eye and have resulted in
total blindness. Serial photographs (Figs 6-15B) demonstrate the
course from initial presentation at age 3 months with bilateral ocular
involvement (Figs 6-8) through the period of chronic inflammation and
degeneration. The inflammatory process may have provoked chronic
irritation or discomfort and stimulated the child's repetitive manipula-
tion of the eye (Fig 9), causing multiple episodes of anterior chamber
hemorrhage, which accompanied a gradual phthisical course (Fig 10).

845



846 O'Neill

FIGURE 6
Case 2. Three-month-old infant presented with bilateral ocular abnormalities. Right eye
shows esotropia and microphthalmia. Pathology also includes multiple posterior synechia,
partial persistence of the pupillary membrane, diffuse vitreitis, and suggestion of active
focal retinochoroiditis.

FIGURE 7
Case 2. Right eye showing chronic inflammation, posterior synechia, and persistence of pap-
illary membrane.
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FIGURE 8
Case 2. Retinal photo of left eye with large, inactive macular retinochoroidal lesion.

FIGURE 9
Case 2. Chronic inflammation and characteristic manipulation of right eye at age 18 months.
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FIGURE 10
Case 2. Age 8, right eye with multiple recurrent anterior chamber hemorrhages, pupillary
seclusion, cataract, chronic inflammation, and early phthisis bulbi (pre-enucleation photo).

FIGURE 11
Case 2. Early computed tomographic scan showing microphthalmic right eye and parenchy-
mal cerebral calcifications.
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FIGURE 12
Case 2. Computed tomographic scan showing paraventricular calcifications and ventricular
enlargement.

FIGURE 13
Case 2. Photomicrograph showing swollen cataractous lens, pupillary seclusion, detached and
degenerated retina adherent to cyclitic membrane, extensive retinal and vitreal neovascular-
ization, and atrophic, rubeotic iris with chronic inflammation (hematoxylin-eosin X 7.5).
(AFIP accession No. 1686021)
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FIGURE 14
Case 2. Higher magnification demonstrates swollen, anteriorly displaced, cataractous lens,
vacuolization, and subeapsular fibrous plaque. Pupil is occluded by fibrovascular membrane
and posterior synechiae (hematoxylin-eosin X 30). (AFIP accession No. 1686021)

FIGURE 15A
Case 2. Photomicrograph showing hemiatrophy of optic nerve with hypercellular gliotic reac-
tion of left half of nerve. Presumably represents retrograde atrophy related to large macular
lesion of toxoplasmic retinochoroiditis in early infancy (hematoxylin-eosin X 30). (AFIP
accession No. 1686021)

FIGURE 15B
Case 2. Higher magnification of optic nerve with hemiatrophy (hematoxylin-eosin x 75).
(AFIP accession No. 1686021)
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CT scans show microphthalmic right eye and cerebral calcification (Figs
11 and 12). Following enucleation at age 8 years, histopathologic slides
from 1979 confirm chronic inflammation, pupillary seclusion, cataract
formation, and disorganization of the posterior segment structures (Figs
13 and 14). They also demonstrate hemiatrophy of the optic nerve, pre-
sumably representing retrograde atrophy from macular lesions (Figs
15A and 15B).

Group II of Table VIII represents a degree of toxoplasmic infection
and tissue damage of slightly less severe degree. There continues to be
significant ocular damage but less severe neurodevelopmental effect.
Cases 3 and 4 presented at a later age with nystagmus and strabismus
and have been followed since infancy. Although having large macular
lesions with no central vision and a constant nystagmus with broad
amplitude (Fig 16), case 3 has proceeded with considerable indepen-
dence to achieve a Master's Degree in Education and teaches full-time.
Case 4 has had only a mild learning disability and 20/80 acuity in the
better seeing eye related to macular and paramacular lesion scars.
Early retinal examination detected an area of retinal elevation related to
a vitreal traction band, which resolved by spontaneous posterior vitre-
ous detachment.

Group III of Table VIII represents those individuals who are asympto-
matic in their early months and may later develop strabismus related to
poor central vision. If ocular alignment is maintained, these lesions may
not be detected for years (case 5, Fig 17). Central nervous system abnor-
malities may be minimal or nonexistent, and the degree of visual distur-
bance is dependent on the area and extent of the original retinochoroidal
inflammation. Recurrences have been minimal, and there is little effect on
the intellectual development (case 6, Fig 18)

Group IV ofTable VIII illustrates those individuals who may have focal
areas of retinal inflammation and scarring in the absence of any apparent
central nervous system involvement. Although case 8 (Fig 19) represents
the least possible retinal involvement with a single discrete mid-central
lesion, there was positive fluorescent antibody serologic confirmation in
both the child and mother. Further complications or sequelae were not
observed over a 7-year period.

Case 7 documents the retinal changes of toxoplasmic retinochoroiditis
by serial fundus photographs over a 25-year period (Figs 20, A-K).

NEURODEVELOPMENTAL STATUS

Table VIII illustrates the decreasing degree of central nervous system
involvement in Groups I through IV Seizure disorders have occurred at
varying periods, and cases 1 and 2 each had visible areas of cerebral cal-
cification on cranial imaging. Case 3, however, had no calcification in the
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FIGURE 16
Case 3. Large, inactive macular lesion with atrophic center and irregular pigmented border
and retrograde temporal optic atrophy. Considered to be the "classic macular lesion" of early
gestational congenital toxoplasmosis. (Early texts often mistakenly used the term "macular
coloboma.")

FIGURE 17
Case 5. Small, round, deeply pigmented, solitary, inactive lesion.
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FIGURE 18
Case 6. Circular, circumscribed, inactive retinochoroidal lesion with irregular scattered areas
of atrophy and pigment accumulation.

FIGURE 19
Case 8. Single, small, solitary, atrophic lesion with partially pigmented corona. 20/20 vision
OU. Completely normal retina otherwise.
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FIGURES 20 A-K
Case 7. This series of retinal photographs illustrates the change in clinical
appearance of toxoplasmic retinochoroiditis lesions in the same patient's
right and left eyes over a 25-year period.

t I10/200 Xct ri'ii 20/20

FIGURE 20A
Right eye shows atypical macular
lesions with several paramacular satel-
lite lesions.

AC:m-ITY- 5/200

AGE 7
1972

AGE 8
1973

FIGURE 20C
Note active inflammation of paramac-
ular satellite lesion in right eye.
Treatment consisted of 6-week course
of Daraprim and sulfa.

FIGURE 20B
Left eye shows large lesion in inferior
nasal quadrant 1 disc diameter from
optic nervehead in subacute inflam-
matory stage with progressive devel-
opment of vitreal traction band.

Acu-I-I] 20/20

FIGURE 20D
Persistent subacute inflammation of
center of large lesion with increasing
vitreal traction band in left eye.
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AC uiTn 20/80 Act rri' 20/20

FIGURE 20E
Early sector atrophy of temporal mar-
gin of optic nervehead of right eye.

A(:ui-n 20/50
pp- ....'

FIGURE 20G
Increasing pigmentation ofparamacu-
lar satellite lesions and temporal optic
atrophy in right eye.

AGE 13
1978

AGE 28
1993

AGE 32
1997

FIGURE 20F
Increasing pigment deposition of inac-
tive lesion and progressive vitreous
traction band in left eye.

Acturn 20/20
pp .

FIGURE 20H
Early neovascularization within a cen-
tral, inactive lesion in left eye.

A-V-: 20/20

FIGURE 20J
Increasing density and fragmentation of
paramacular pigment deposition, early
subretinal paramacular neovasculariza-
tion, and increasing temporal optic
nerve atrophy of right eye.

FIGURE 20K
Gradually increasing neovasculariza-
tion within an old, inactive lesion and
dense vitreal band extending from the
central lesion to optic nervehead in
left eye.
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early neonatal period, but at the time of seizure onset at age 16, "calcium
deposits in the brain" were noted in CT scans and electroencephalograms
showed "brain damage." Several small peripheral lesions scattered
through the posterior retina indicated areas of recurrent retinochoroiditis
and also suggest that similar areas of reactivation or new infection may be
present in the cerebral tissues. Headaches have been a continuing symp-
tom of this patient.

Initial Serology
Specific serologic studies varied, depending on the year they were
performed and the facility doing the testing. Case 1, for example,
was included in a national toxoplasmosis study that performed a
Sabin-Feldman dye test in addition to other confirmatory serologic
studies. As noted, the 1:40,960 hemagglutination test recorded on
case 3 was the highest that had ever been recorded at that time at the
Centers for Disease Control. Other specific tests were the accepted
norms at the time of patient examination. The 1:16 fluorescein anti-
body (FA) titer in case 8 is low by systemic standards; however, min-
imal ocular infection is known to incite minimal immunologic
response and any positive titer is considered diagnostic if a morpho-
logically compatible lesion in the fundus is present.3

Evidence ofRecurrence
There has been both direct and indirect evidence of recurrence of active
inflammation in the area of old retinochoroidal scars (Fig 20C), and new
lesions have occurred in what had previously been normal, uninvolved
retina. A flare-up of vitreitis has also occurred at times when the visual-
ization of active retinal lesions could not be documented early in the
course of infection.

Vision
The greatest visual loss is associated with macular lesions; however, in the
presence of macular and paramacular lesions, visual acuity has improved
in several patients over time, with resolution of edema and inflammatory
tissue reaction. Several lesions with less than 20/200 vision have improved
to a 20/40 to 20/60 range (case 7, Table VIII, and Figs 20, A-K). Case 7
also demonstrates an atypical macular lesion of the right eye in its initial
and long-term appearance with the activation of a satellite lesion in Fig
20C. Gradual shrinkage of the macular lesions of the right eye led to
improvement of vision to 20/60 at the time of Fig 20K, which also shows
some gradual fragmentation and decrease of the density of the pigment
deposition in the small lesions
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Treatment and Clinical Course
Several patients in this series had treatment generally consisting of
pyrimethamine with sulfadiazine supplemented with calcium leucovorin.
Only one case (case 1, Table VIII), the most severely affected, received ther-
apy over a full 1-year period. Three other patients received the same regi-
men for periods varying from 4 weeks to 6 weeks (cases 2, 4, and 7). Case
7 also received 2 sub-Tenon's injections of triamcinolone during a period of
active inflammation. It is of interest that case 1 had the most severe infec-
tion and sequelae, which progressed to phthisis bulbi in 1 eye and total reti-
nal detachment in the second eye despite specific antiprotozoan therapy for
1 year. This clinical course lends support to both clinical and in vitro stud-
ies that these drugs may be effective against circulating tachyzoites in the
proliferative stage but have little effect on organisms encapsulated in tissue
cysts, which have the potential to reactivate at any time.

Associated Ocular Findings
Obvious microphthalmia was present in several patients at the time of
birth. These eyes have also exhibited evidence of early severe
retinochoroiditis, chronic inflammation, and recurring vitreitis. Anterior
uveitis has also been present with pupillary seclusion and cataract forma-
tion (case 2 and Figs 7, 13, and 14)

Strabismus and nystagmus are often associated findings with either the
loss of central vision or central nervous system impairment or both.
Thirteen of the 21 study patients (62%) presented with strabismus or nys-
tagmus as their primary complaint (Table IX).

Retinal Detachment
Four patients (6 eyes) of this study group have had documented retinal
detachments to date. Two have occurred in microphthalmic eyes with
chronic vitreitis and progressive degeneration, 1 confirmed by patholog-
ic examination and one by ultrasound. The fellow eye in each of these
patients has undergone chronic recurrent inflammation and developed
progressive vitreal traction bands with extensive detachments, which
were not resolved by vitrectomy, membrane peeling, or scleral buckling.
Both have progressed to total detachment and blindness (cases 1 and 2).
Case 3 with large bilateral macular lesions and multiple small peripher-
al lesions has had 2 separate areas of traction detachment appearing sev-
eral years apart, which were successfully treated by laser retinopexy.
Case 4, being observed serially by a retinologist, had a minimal area of
traction detachment that resolved following spontaneous posterior vitre-
ous detachment.

Case 7 (Figs 20, B,D,F,H,K) provides a vivid visual illustration of the
progressive traction of a vitreal band extending from the center of a large,
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inactive, retinochoroidal lesion to the surface of the optic nervehead. It is
apparent that progressive traction of this degree on an area of less secure
retina would have a dire result.

DISCUSSION

RUBELLA
The ocular effects ofCRS have been extensively studied through the years
following the last major rubella epidemic in the mid 1960s. The majority
of patients exhibiting CRS are the long-term survivors from that postepi-
demic period. Many were seriously affected and compose a segment of
the population that has been multi-handicapped, including varying
degrees of mental retardation, motor pareses, severe hearing and vision
deficits, and a susceptibility to generalized infection. Many have required
special education and institutional or custodial care, and except for those
individuals with isolated hearing deficits, most are unable to live an inde-
pendent or productive life.

It is generally recognized that the period during which the fetus is
most vulnerable is the first 8 weeks of gestation.l467l2l7l83031 This corre-
sponds to the period of most active organogenesis and most rapid cell divi-
sion. Among infants whose mothers had rubella during the first month of
gestation, 70% had one or more severe rubella-associated anomalies.718
Some studies have indicated even higher rates of defects during this peri-
od; however, it is reasonable to conclude that nearly every fetus infected
with rubella virus during the early weeks of gestation develops in an abnor-
mal manner.'8 Maternal infection that occurred toward the end of the first
trimester or later often resulted in less severe (nonteratogenic) sequelae,
but hearing defects have been noted to occur on a continuing basis,
through 10 years of life.53 Hearing deficits of a sensorineural type com-
posed the single greatest disability associated with CRS.

Patients in this study have had a higher than normal mortality rate.
The earliest period of rubella-related death occured during late gestation
with a high incidence of spontaneous abortion, stillbirth, or subsequent,
neonatal death. This fetal and early neonatal mortality occurred primari-
ly in association with early first-trimester maternal infection and its relat-
ed cardiac malformations and chronic pneumonitis. The mortality rate for
affected infants continued to be higher than in the average population
through infancy and childhood, particularly among those with persisting
cardiac defects.

The broad spectrum of abnormalities observed in the fetus and new-
born following transplacentally transmitted rubella infection are listed in
Table III. Because of the persistent and long-term effects of intrauter-
ine rubella virus infection, these many abnormalities are best understood
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when considered in 3 time periods although there is obvious overlap and
continuity. Defects in the first group are considered to be transient
since they can be present at or before birth. These conditions result
from infection or inflammation and are not related to structural malfor-
mations. Most will gradually resolve through the early neonatal period.
The second group of permanent defects may also be present at birth but
reflect malformation or tissue damage that will not diminish or disappear
with the course of time without intervention or specific therapy.
Meningoencephalitis, for example, may gradually become inactive; how-
ever, the resulting cerebral damage may only become manifest over
months or years. The third group of delayed-onset or developmental
defects generally appear in childhood or later years and may be progres-
sive in nature.46'5152'54-57

The pathogenesis of these late-appearing defects is not fully understood
but may be due to a continuing, subacute, active rubella infection leading to
direct viral damage, vascular insufficiency, and possibly triggering autoim-
mune mechanisms.'7'55855 This group of delayed conditions was first
observed in a long-term follow-up study of Australian patients 25 years after
the original 1941 epidemic. Various endocrinopathies were identified, the
most frequent of which was type 1 diabetes mellitus. This endocrinologic
disorder has been recorded in as many as 20% of CRS patients by the age
of 35 years, a risk factor of 100 to 200 times that observed for the general
population.54 This apparently can occur in any congenitally infected patient,
regardless of the time of maternal exposure.

Thyroid dysfunctions have also been identified as late-appearing
defects in a much higher incidence than in the general population. A 2-
year-old and a 3-year-old patient with CRS have each been noted to have
thyrotoxicosis, and thyroiditis has been described both as an isolated con-
dition and in association with hypothyroidism. These disorders are
believed to be secondary to autoantibody reduction.555

Infants were selected for inclusion in this study because of identifiable
ocular abnormalities, either at birth or shortly thereafter. Only 1 CRS
patient was first examined at a later age (age 8) and included in the study
(Case 3, Fig 21). The major ocular defects observed were cataracts,
microphthalmia, glaucoma, iris hypoplasia, nystagmus, strabismus, and
variations in the corneal transparency. Every infant in this study had an
ocular defect, and from previous reports it is known that with rare excep-
tion, ocular defects occur only in combination with other rubella-related
defects. Since abnormalities of ocular development are usually found in
conjunction with defects of hearing, mental retardation, or cardiac anom-
alies, it is not surprising that our study population reflects these same
occurrence rates. Thirteen of 34 cases (38%) in the study had diagnosed
congenital heart defects. Five of these infants died before 3 months of age
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FIGURE 21
Case 3. Preoperative view of grossly abnormal and staphylomatous right eye secondaxy to
multiple operative procedures in infancy and subsequent intractable glaucoma. Enucleation
was performed. Boy had congenital rubella syndrome and was first examined and entered the
study at age 8. Microphthalmic left eye had dense nuclear cataract and nasal surgical sector
iridectomy.

and 1 at 16 months. It is probable that other infants also had cardiac
defects that were asymptomatic at the time of initial testing.

Many infants exhibited multiple ocular defects. The history of case 26
was representative of many CRS infants. This infant was born in California
weighing 5 lb following a 38-week gestation. A congenital heart defect was
noted at birth, and because the left eye was noted to be slightly larger and
the cornea hazy, there was initial concern of infantile glaucoma. Intraocular
pressures were noted to be minimally elevated in each eye, and it was noted
that there was a "slight cataract in the right eye." When the family relocat-
ed to the East coast and the infant was examined at age 8 months (Fig 22),
it was noted that the right eye was slightly microphthalmic with a hazy
appearance to the cornea. The intraocular pressure ranged between 20 and
25 mm Hg. There was a densely sclerotic nuclear cataract, which was con-
sidered to be uniquely characteristic of rubella with a visibly liquefied cor-
tex (Fig 23). The opaque nucleus would move freely within the fluid sac.
The left eye was noted to be normal in size without pressure elevation and
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FIGURE 22
Case 26. Eight-month-old infant with culture proven congenital rubella syndrome. Patient pre-
sented with unilateral cataract and microphthalmia, strabismus, congenital heart defect, and
hearing deficit. (AFIP Neg. 67-5801.1)
Reproduced, with pernission, from ONeill JR Strabismus in congenital rubella. Arch
Ophthalmol 1967;77:450-454.

FIGURE 23
Unilateral cataract of infant (case 26) with dense sclerotic nucleus that moves freely in liq-
uefied cortex.
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exhibited the typical pigmentary retinopathy of rubella. Rubella virus was
isolated from the conjunctiva and throat on two separate occasions. Over
several weeks, both the intraocular pressure and the hazy appearance of the
cornea of the right eye diminished and did not recur.

In 1968, Zimmerman22 proposed minimal criteria for the histopatho-
logic diagnosis of congenital rubella infection in the eye. One of those cri-
teria was the presence of nuclear or total cataract with retention of kary-
orrhectic nuclei in lenticular epithelial cells centrally and the absence of
noteworthy changes in lens capsular epithelium. Figs 24A and 24B from
that study illustrate the histopathologic appearance of a rubella cataract
similar to that in case 26. The cataract of this infant was operated by aspi-
ration procedure at age 1 year; however, the patient died many months
later from complications related to congenital heart disease.

Another characteristic of ocular infection in rubella patients is the fre-
quent presence of abnormalities of the iris. It has been a common experi-
ence that pupil dilation is often difficult to achieve in eyes in CRS. Gregg'
first noted that some irides have an atrophic appearance. Both clinical and
histopathologic observations have confirmed this, and Zimmerman has
convincingly demonstrated that in some areas, there is virtually no iris
stroma anterior to the pigment epithelium. Poor development of the dila-
tor muscle fibers is often observed histopathologically.22 Gregg's observa-
tions that some rubella patients had "a sensitivity to atropine" was proba-
bly a dose-related response due to the difficulty obtaining mydriasis.' Fig
25 illustrates the extreme presentation of this defect in case 32 with a
markedly hypoplastic and atrophic iris and cataract in this microphthalmic
eye. Iris tissue with this degree of fragility obviously complicates cataract

..'''|" '...... ".. z ':

FIGURE 24 A
Histopathology of rubella cataract similar to Fig 23, shows tumid cataractous lens with lq-
uefaction and vacuolization of cortex and sclerosis of nucleus (hematoxyln-eosin X 11)
(AFIP Neg. 65-3996)

FIGURE 24B
Higher magnification demonstrates retained karyorrhectic and pyknotic nuclei characteistic
of rubella cataract (hematoxylin-eosin X 350). (AFIP Neg. 65-5251)
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FIGURE 25
Case 32. Markedly hypoplastic and atrophic iris with cataract in culture-proven congenital
rubella syndrome.

FIGURE 26
Severe stromal atrophy with absence of dilator muscle and incomplete cleavage of anterior
chamber angle (hematoxylin-eosin x 350). (AFIP Neg. 65-3974)
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surgery in these infants. Fig 26 from Zimmerman's series illustrates severe
stromal atrophy in a similar but less severe case.

Figure 27 illustrates the diffuse and irregular deposition of pigment
scattered throughout the posterior pole of the retina. This has been
described as "salt and pepper" appearance, and Fig 28 in a dual photomi-
crograph reveals the marked irregularity in size, shape, and melanin con-
tent that disrupts the continuity of the retinal pigment epithelium layer.
Fig 29 depicts the chronic iridocyclitis in the ciliary body with an isolated
area of focal necrosis, which constitutes another of Zimmerman's criteria
for the histopathologic diagnosis of congenital rubella.

Correlation of this clinical and histopathologic material is presented
because of the major complications associated with the intraoperative and
postoperative course of cataract surgery in infants with CRS. Surgeons
who were responsible for the care of these infants encountered numerous
operative challenges and postoperative complications, as is evidenced by
the following observations.

The incidence of glaucoma in congenital rubella varies greatly among
studies."2,6062 In this select population, 11 patients were found to have ele-
vated intraocular pressure or glaucoma on initial evaluation. Repeated
examinations over several weeks noted that 4 patients with microph-
thalmic eyes (3 bilateral and 1 unilateral) presented early with cormeal
haze and elevated intraocular pressure, which spontaneously cleared over
several weeks (cases 18, 25, 26, 34, and Fig 5A). Tonometry was per-
formed utilizing a handheld applanation instrument. Three infants had
congenital heart disease and died at ages 2 months, 3 months, and 16
months. One child was observed for 18 months and maintained normal
intraocular pressure.

One patient (case 7) developed buphthalmos and an infantile-type
glaucoma. This infant underwent ophthalmologic examination in a birth
defects clinic at age 6 months with a specific notation that 1 eye was slight-
ly larger than the other but that there was no evidence of corneal abnor-
mality or glaucoma. By 1 year of age, both cormeas had enlarged with
Descemet's breaks, and elevated intraocular pressure was present, requir-
ing multiple surgical procedures for control.

The long-term management of aphakic glaucoma has proven to be
most difficult. Six patients who had early surgery for bilateral rubella
cataracts eventually developed glaucoma with multiple complications.
Two eyes required enucleation because of intractable glaucoma with
staphyloma development (Fig 21), and another patient has recently under-
gone an abrupt degenerative process with hypotony following long-stand-
ing intraocular pressure elevation and development of a large scleral
staphyloma. This eye has also been chronically inflamed, suggesting per-
sistence or recurrence of viral infection (case 4, Fig 30). Another patient
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FIGURE 27
Characteristic pigmentary retinopathy of congenital rubella syndrome. Diffusely scattered
"salt and pepper" pattern of irregular loss of pigmentation, pigment migration, and clump-
ing. (AFIP Neg. 67-5801-6)
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FIGURE 28
Dual photomicrograph revealing marked irregularity in size, shape, and melanin content of
retinal pigment epithelium (hematoxylin-eosin X 380). (AFIP Neg. 65-3970)
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FIGURE 29
, nongranulomatous inflammation with focal necrosis ofpigmented epithelium of cil-
ly (hematoxylin-eosin X 380). (AFIP Neg. 65-3970)

FIGURE 30
Case 4. Right eye following prolonged period of elevated intraocular pressure and earlier
bulging scleral staphyloma.
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with long-standing glaucoma developed bullous keratopathy, which
required 2 separate penetrating keratoplasties (case 5).

Delayed-onset glaucoma in rubella patients following early cataract
aspiration has been reported in many series, and the longer the period of
follow-up, the greater the possibility that an increase in intraocular pres-
sure may be a complication. 12,54-56,58,63 Chrousos and colleagues,' in review-
ing 392 consecutive childhood cataract surgical procedures, found a 6.1%
incidence of glaucoma. A preponderance of these cases, however, were in
patients operated early by a manual aspiration technique. In Wolff's large
prospective series,12 15 of 328 patients (4.5%) had clinical evidence of
glaucoma, through a follow-up of 7 years. Glaucoma was bilateral in 14 of
the children, and 11 eyes were buphthalmic. Wolff also noted that 5
patients with cataracts (4 bilateral) had glaucoma; however, no details are
presented regarding surgical status. Boger and associates"'31 reported
glaucoma occurring in 13 patients between ages 3 and 22, and all except 2
were in microphthalmic eyes which were aphakic following either cataract
aspiration or spontaneous lens absorption.

Important Association of Glaucoma as a Delayed Complication Following
Early Manual Cataract Aspiration
Several coexisting factors are contributing causes of glaucoma in aphakic
eyes following surgery for rubella cataracts. These eyes are almost uni-
versally microphthalmic, with an underlying chronic nongranulomatous
iridocyclitis, and many are considered to be harboring viable viral agents.
The operative techniques commonly used in 1964 or 1965 would be con-
sidered quite primitive by today's standards.567 Surgical manipulation of
these eyes almost universally stimulated a chronic and prolonged inflam-
matory reaction with both anterior and posterior synechiae, mild comeal
inflammation, and secondary membrane formation. The need to perform
several discission procedures for secondary membranes or more involved
capsulectomy procedures was common. Several surgical centers reported
a significant number of eyes lost to chronic inflammation and eventual
phthisis.6568

An analysis of the surgical techniques prevalent at that time for the
removal of infantile cataracts is relevant. Operating microscopes were
only becoming available in the early 1960s, and some respected surgeons
were still using magnifying loupes for congenital cataract surgery. This
was almost 10 years before the availability of irrigation/aspiration, mechan-
ical suction cutting, or phacoemulsification instrumentation. The aspira-
tion procedure as described by Scheie was in general use15; however,
rubella eyes dilated poorly and required a large basal or sector iridectomy.
Attempts to completely remove all of the equatorial cortex in these
microphthalmic eyes presented a challenge.65-7 The presence of live virus
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in the cataractous lenses of rubella patients had been conclusively demon-
strated in addition to chronic inflammation of the iris, ciliary body, and
even possibly the retina.'6, A deep anterior chamber at the end of the
procedure was generally accomplished by the insertion of an air bubble,
and a shallow or flat anterior chamber post-operatively was frequent and
contributed to the formation of anterior synechia and angle closure.

The presence of glaucoma and the complications of multiple surgical
interventions in the six patients in our series are not unexpected in the
presence of chronic inflammation, possible viral persistence, and the tech-
nical problems faced in their early surgery. It is probable that many simi-
lar complications would exist in the number of patients who we're lost to
follow-up in this series.

STRABISMUS
The frequent presence of strabismus has been well documented in the
congenital rubella syndrome.'54-'069 In addition to the visual loss associat-
ed with cataracts and nystagmus, another contributing factor was the pres-
ence of microphthalmia in many infants and its related high degrees of
hypermetropia (19-28 diopters). Deviations were most always convergent,
increasing in frequency with advancing age and some becoming exotrop-
ic. Because of the generally poor vision and frequent mental retardation,
satisfactory treatment of the strabismus was rarely achieved.

TOXOPLASMOSIS
Recruitment of this series of patients with documented congenital toxo-
plasmosis varied considerably from those with culture-proven rubella. The
youngest toxoplasmosis patient was examined at birth after fetal abnor-
malities had been detected on routine sonography in the fifth month of
gestation. Six other infants were examined in the first year of life; howev-
er, the majority (67%) presented and were initially examined with confir-
mation of the diagnosis after their first year, and 8 (38%) were initially
examined and included in the study between age 4 and age 8 years. The
specific reasons these children presented for examination are summarized
in Table IX. Most were noted to have poor visual acuity in at least 1 eye,
which also undermined the stability of their binocular control system and
predisposed to the onset of strabismus.

Except for the most severely affected infants who were exposed to
infection very early in gestation and suffered a combination of extensive
central nervous system and ocular inflammation, the primary ocular defect
in this study series is retinochoroiditis. In human ocular toxoplasmosis,
the characteristic lesion is a focal necrotizing retinochoroiditis, and the
diagnosis of congenital toxoplasmosis relies on the presence of such lesions
with serologic confirmation in the infant and mother.31'32'3943
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TABLE IX: PRESENTING SIGNS OR SYMPTOMS OF PATIENTS WITH CONGENITAL
TOXOPLASMOSIS: REASON FOR INITIAL OPHTHALMOLOGIC EXAMINATION

CONDITION No. REMARKS

Strabismus 10 Ages: 3 mo - 4 yr
Esotropia - 8
Exotropia - 2

Nystagmus/strabismus 2 Ages:- 5 mo, 14 mo
Esotropia - 2

Early central nervous system
abnormality 2 Prenatal hydrocephaly diagnosis

Age 3 mo - microcephaly
Failed vision screening 4 Ages: 4 - 8 yr
Routine exam 2 Ages: 4, 6 yr
Other: torticollis 1 Age: 2 yr

It is apparent that strict microbiologic criteria would require most
diagnoses of ocular toxoplasmosis to be considered "presumptive," since it
is not possible to either isolate or culture organisms directly from intraoc-
ular lesions or to demonstrate organisms in histopathologic section in new-
born infants. Clinical, laboratory, and pathologic experience, however, has
amply documented that the presence of retinal lesions with an appropri-
ate morphologic appearance and a recognized clinical course with sero-
logic confirmation in an infant and mother is sufficient to accept these pre-
sumptive diagnoses as positive.3'

T gondii is probably the most common organism to infect the retina
worldwide and has been estimated to cause 35% of the cases of choriore-
tinitis in the United States and central and western Europe.2326 Since
acquired toxoplasmosis is not usually accompanied by chorioretinitis, it is
thought that most cases diagnosed at any age are related to prior congen-
ital infection. Those beyond the neonatal period probably result from
either a recurrence of congenital infection, reactivation of satellite lesions,
or the delayed onset of new foci of infection.24'31'32'43

The majority of infected infants are asymptomatic and do not have
clinical signs at birth but may develop one or more sequelae of the con-
genital infection later in life. Our use of the term "congenital" therefore
refers to both the clinical and subclinical, or latent, cases. Those recog-
nized and identified prenatally or early in neonatal life are usually the most
severely affected.

Approximately 50% of untreated women who acquire toxoplasma
infection during gestation transmit the parasite to their fetuses; the inci-
dence of transmission is least early in gestation and greatest late in gesta-
tion3243'7 (Table X). These figures emphasize that although the transmis-
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TABLE X: OUTCOMES FOLLOWING TRANSMISSION OF MATERNAL

TOXOPLASMOSIS TO THE FETUS32'43'70

FIRST TRIMESTER SECOND TRIMESTER THIRD TRIMESTER

Fetal infection rate 15% 30% 60%
Severe fetal infection 41% 8% 0%
Fetal/neonatal death 35% 7% 0%

sion rate is least in the first trimester, infection acquired early in gestation
is more likely to produce severe fetal manifestations. The rate of stillbirth
and perinatal death is as high as 35% in the first trimester, and of those
live-born, 41% may have severe disease and 24% may have either mild or

subelinical signs of infection. In contrast, it is rare to have a severely
infected infant first exposed to maternal infection late in gestation, and the
subclinical group may be as high as 90%.70 The small group of infants
more severely affected early in gestation will usually have signs of dissem-
inated infection (Table XI). The ocular defects will often include exten-
sive retinochoroiditis with vitreitis and, less commonly, microphthalmia.
The systemic signs of diffuse parasitemia often include extensive central
nervous system damage resulting from meningoencephalitis and include
hydrocephaly, microcephaly, varying degrees of brain damage with mental
retardation, and seizure disorders. More than 80% of infants with
untreated congenital toxoplasmosis that is clinically apparent in the first
year of life had IQs of less than 70, and many had seizure disorders and
severely impaired vision.40

TABLE XI: MAJOR CLINICAL MANIESTATION OF CONGENITAL TOxOPiLASMOSIS3270

CENTRAL NERVOUS EYE OTHER ORGAN
SYSTEM SYSTEMS

Meningoencephalitis Retinochoroiditis with Hepatomegaly
Hydrocephalus macular predilection Splenomegaly
Microcephalus Microphthalmia Jaundice
Focal cerebral necrosis Iridocycliffs Fever
Focal cerebral calcification Vitreitis Thrombocytopenia
Seizure disorder Traction retinal Petechiae/purpura
Severe brain damage detachments Maculopapular rash
Mental retardation Papillitis Anemia
Spasticity Nystagmus Nephrotic syndrome
Palsies Strabismus Myocarditis
Developmental disabilities Cataracts Pneumonitis
Learning disorders Phthisis bulbi Immunoglobulin depression

Blindness Bony metaphyseal abnormalities
Deafness
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Other structures and organ systems affected by early and extensive dis-
seminated infection include hepatosplenomegaly, thrombocytopenia, skin,
heart, bony abnormalities, and deafness (Table XI).

It has been estimated that between 3,000 and 4,100 of the 4.1 million
infants born annually in recent years in the United States are afflicted by
congenital toxoplasma infection.27'32'39',459 Between 80% and 92% of con-
genitally infected individuals not treated as infants develop chorioretinal
lesions by adolescence,21'27'4' and Mets and associates27 have aptly termed
this a recurrent, relapsing, and progressively destructive ocular disease.

The Organism and Transmission
T gondii is a unique and highly virulent organism, which in its free prolif-
erative form is rapidly invasive and destructive. It is an obligate intracel-
lular protozoan parasite, occurring in many mammals and man, which
causes a variety of illness previously thought to be due to other agents or
of unknown cause.32 Organisms exist in three forms or stages: (1) a pro-
liferative stage, or tachyzoite; (2) a tissue cyst, the latent or dormant form
which contains bradyzoites; and (3) the oocyst, a reproductive form that
occurs exclusively in the intestinal tract of members of the cat family.2'4

Tachyzoiteform. Except perhaps for nonnucleated red blood cells, the
tachyzoite can invade all mammalian cells, particularly phagocytes. After
penetration, it quickly multiplies, ultimately causing disruption and death
of the host cell.32 3 During the initial stage of infection, parasites are pre-
sent mainly as tachyzoites. Their invasion of host cells is a rapid event, tak-
ing 15 to 40 seconds (one quarter of the time required for phagocytosis),
and involves complex mechanisms that combine aspects of phagocytosis
with those of active invasion's71 (Fig 31). The tachyzoite cannot withstand
freezing and thawing, desiccation, or exposure to gastric or duodenal
digestive juices, so rapid penetration into host cells is necessary to provide
its protection.'

Bradyzoite Form. When the host develops its initial, nonspecific
immune response and begins to recognize the organisms as foreign, the
proliferative or invasive stage diminishes and the infection reaches a latent
or chronic stage with bradyzoite formation and the persistence of T gondii
in multiple tissues of the body months or years after initial infection.72
Once they rupture, however, they release organisms or other antigenic
products, which excite vigorous inflammatory responses in the retina and
choroid. The severity of infection is probably a combination of the strain
virulence and host susceptibility. In the eye, active infection begins in the
retina with severe inflammation, necrosis, and exudation into the vitreous.
Multiple foci generally occur, and secondary involvement of the choroid is
always present with both tachyzoites and cysts throughout these lesions.13-
16,31
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FIGURE 31
Scanning electron micrograph depicting invasion of mouse peritoneal macrophage by
Toxoplasma tachyzoites (X 14,000).
Photo by Mary Louise Chiappino. Reprinted, with permission, from Tabbara KF: Ocular
toxoplasmosis. In: Tabbara KF, Hyndiuk RA. Infections of the Eye. Boston: Little Brown;
1995:659-672.

The Oocyst Form. The oocyst form is found only in the feces of mem-
bers of the cat family, the definitive host for T gondii. The oocyst is far
more resistant than other life-cycle forms and can survive for months in
water and for a year or more in moist soil.32"' Ingestion of sporulated
oocysts transmits the infection. The cysts are destroyed by high tempera-
tures in cooking, and the common practice of freezing commercial meats
and the use of home freezers both have a beneficial effect in destroying
cysts. Epidemiologic estimates are that about 8% of commercial beef,
20% of commercial pork, and 25% of commercial lamb contain encysted
toxoplasma bradyzoites.39'43

Specific Vulnerability ofthe Central Nervous System and the Eye
The predominant tissue involvement and site of persistence of tissue cysts
appears to be in skeletal muscle in most animals. In humans, however,
there is a predilection for involvement of the central nervous system and
the eye. Of the several factors which influence this selectivity, the most
important seems to be the limited availability of antibody in these 2 neur-
al structures.2Y45 The barrier to passive diffusion of antibodies to the brain
and eye has been given as an explanation for the continuing proliferation
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of the parasite in these sites while they are disappearing from extraneural
sites. Continued tissue destruction may occur in those sites where ready
access to circulating antibody is impeded.32 The second important factor
contributing to the apparent vulnerability of the eye and brain is the lack
of ability of these tissues to regenerate, thus promoting more severe or
extensive permanent damage.

The optic nerve may be affected, either primarily or secondarily.73
O'Connor comments on and questions a theory that the optic nerve may be a
principal route by which organisms gain access to the retina noting that many
lesions thought to arise from the nerve are considered to be ofjuxtapapillary
origin.3'

Segmental atrophy of the optic nerve characterized by pallor and loss
of substance, especially of the temporal portion of the nervehead, is pre-
sumably due to retrograde degeneration of a significant number of nerve
fibers that extend through the papillomacular bundle. This segmental
atrophy reflects the death of retinal ganglion cells (Figs 15, 16, 20G, and
20J).

Late Manifestations of Ocular Toxoplasmosis
Several reports of long-term follow-up of ocular lesions in toxoplasmosis
suggest that the persistence of dormant organisms in tissue cysts in the
eyes, brain, and possibly other organs may be present over a lifetime. Rao
and Font72 reported an 82-year-old man with bilateral recurrent toxoplas-
mic retinochoroiditis whose one eye became painful and blind and was
enucleated. Histopathologic sections revealed multiple retinal cysts, some
ofwhich appeared necrotic but others which appeared viable with numer-
ous organisms in adjacent areas. Specific immunofluorescent methods
detected antigenic material to the toxoplasma organisms.

Wilson and colleagues41 found that almost all of 24 children with doc-
umented congenital toxoplasmosis who were initially asymptomatic at
birth developed signs of recurrent retinochoroiditis by an average age of
8.5 years, and a high percentage of these children were noted to have
decreased intelligence. In a recent study of infants treated over a 1-year
period with pyramethamine and sulfa, Mets and coworkers27 found a
recurrence of retinochoroiditis in 13% of the treated infants and 44% of a
previously untreated historical control group. New lesions were often
noted to be contiguous with old lesions but also occured in areas previ-
ously noted to be normal retina. In a 20-year follow-up study of congeni-
tal toxoplasmosis including both treated and untreated infants, Koppe and
associates74 found that of 11 congenitally infected children, 9 developed
previously unnoted scars in one or both eyes.

It is apparent that toxoplasma organisms remain dormant but in a
viable form in the eye and brain and have the potential of reactivating
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over long periods of time following initial infection. Specific antimicro-
bial treatment may hasten the reversal of active infection but does not
appear to affect the encysted organisms, which have the potential for
reactivation.27

UNKNOWN CAUSES OF OCULAR DEFECTS OF INFECTIOUS ORIGIN
Figure 32 depicts a chorioretinal lesion with central atrophy, a deeply pig-
mented border, and a vitreal band extending to the optic disc. This lesion
strongly resembles the clinical appearance of toxoplasmic retinochoroidi-
tis, particularly the large lesion in the left eye of Fig 20. All serologic test-
ing, however, has been negative for the known causes of retinal infection,
and there have been no clinical signs to indicate other disease processes.

FIGURE 32
Retinal lesion of unknown etiology. Chorioetinal lesion with central atrophy and deepy pig-
mented border with vitreal band extending to optic disc and several small hypopigmented
proximate lesions. Strongly resembles toxoplasmic retinochoroiditis but all serologic studies
negative for known causes of congenital infection.
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This remains a lesion of presumed infectious origin of unknown etiology.
Keith75 presented 5 children with chorioretinal lesions, cerebral

defects, and negative Sabin-Feldman dye test for toxoplasmosis. He dis-
cusses the possibility of other infectious causes of these oculocerebral dis-
ease processes and also the possibility of toxoplasmosis existing in the pres-
ence of a negative dye test. Overall3 states several important reasons to
explain why viruses are probably the causative organisms for the approxi-
mately 80% of congenital malformations that appear to occur on an infec-
tious basis but remain of unknown cause. Although we have learned much
about the causes of the ocular defects of congenital infection, diagnostic
dilemmas remain to stimulate continued investigation.

CONCLUSIONS

In addition to significant visual impairment and blindness, congenital
infection causes major fetal damage, including malformations and chronic
disease in the newborn, which may persist and recur throughout life. The
devastating effects of the last major rubella epidemic, which occurred
more than 30 years ago, continue in the survivors. Those least affected
may have severe hearing deficits, while many have persisting cardiac dis-
ease, major psychomotor retardation, and other late-onset conditions still
being identified. Numerous ocular defects persist as continuing problems
related to early infection, reactivation, and late-onset complications.
Although effective vaccination programs have essentially eradicated rubel-
la as an epidemic threat in this country, congenital toxoplasmosis contin-
ues to affect between 3,000 and 4,100 infants each year; many more sub-
clinical infections proceed undetected. Significant reduction of this num-
ber could occur with identification of susceptible seronegative women in
early pregnancy and effective counseling programs about the sources of
infection. A program of antimicrobial treatment for pregnant women
exposed to T gondii appears to provide a reduction of fetal injury.42 Studies
in France have confirmed a significant reduction of neonatal morbidity in
congenital toxoplasmosis with such an identification and treatment pro-
gram; however, little progress has been made in this country toward the
development of such programs, nor will an effective vaccine be available
for many years.
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