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Abstract

Toxoplasmosis is a zoonotic protozoan disease results from infection with Toxoplasma
gondii, one of the worldwide zoological and geographical distribution. T. gondii multiples sex-
ually in the cat family (definitive host) and infects all warm-blooded animals, including humans
(intermediate host) where it multiplies asexually. Transmission occurs by ingestion of raw or
partly cooked meat, especially pork, lamb, or venison containing cysts, mainly in countries
where undercooked meat is traditionally eaten. Also, cysts may also be ingested during hand-
to-mouth contact after handling undercooked meat, or from using knives, utensils, or cutting
boards contaminated by raw meat. Drinking water contaminated with Toxoplasma cysts. Also,
receiving an infected organ transplantation or blood transfusion, or nosocomial (needle-stick in-
jury) was reported. Ingestion of oocysts dropped with cat feces, through hand-to-mouth contact
after gardening, cleaning a cat's litter box, contact with children's sandpits, or touching anything
that came into contact with cat feces. Also, congenital toxoplasmosis or mother-to-child trans-
mission do occurs during pregnancy. For infants born to infected mothers and for people with
weakened immune systems, toxoplasmosis may cause serious complications.The clinical fea-
tures, diagnosis and prevention of congenital toxoplasmosis in infants and children are re-
viewed here
Key words: Congenital toxoplasmosis, Complications, Diagnosis, Treatment, Recommendations

Introduction

Toxoplasma gondii is a ubiquitous proto-
zoan parasite that infects animals and hu-
mans. Toxoplasmosis infection typically is
asymptomatic in immunocompetent hosts
(Koshy and Cabral, 2014). However, serious
disease can occur, most frequently in the
setting of immunosuppression or congenital
infection. The fetus, newborn, and young
infant with congenital Toxoplasma infection
are at risk of infection-associated complica-
tions, particularly retinal disease that can
occur into adulthood (Crosson et al, 2015).

Congenital toxoplasmosis is caused by T.
gondii; an intracellular protozoan parasite
with a unique biphasic life cycle consists of
a sexual cycle (in felines) and an asexual
cycle (all other animals and human). Cats
acquire the infection by ingesting oocysts in
soil or tissue cysts from small prey. Replica-
tion occurs in the intestine of the cat, and
oocysts are formed, excreted, and become
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infectious after 24 hours (Dubey, 2009).
During the primary infection, the cat can
shed millions of oocysts daily for up to three
weeks. Humans who come in contact with
cat feces containing Toxoplasma oocysts
may inadvertently ingest contaminated ma-
terial, and the asexual phase of Toxoplasma
replication begins. Oocysts rupture to re-
lease sporozoites that divide and become
tachyzoites, which are characteristic of the
acute stage of infection. Tachyzoites spread
throughout the body via the bloodstream and
lymphatics. With an adequate immune re-
sponse, the tachyzoites are sequestered in
tissue cysts and form bradyzoites. Bradyzo-
ites are indicative of the chronic stage of in-
fection and can persist for the life of the in-
dividual (Elsheikha and Morsy, 2009).
Review and General Discussion
Epidemiology: Congenital toxoplasmosis
occurs worldwide. Congenital transmission
occurs during acute toxoplasmosis in a sero-
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negative mother when tachyzoites present in
the blood might cross the placenta and infect
the fetus (Jones et al, 2009). The prevalence
varies geographically according to primary
Toxoplasma infection in women risk of
child-bearing age (McAuley et al, 2009).
The parasite is mainly acquired during
childhood and adolescence. In industrially
developed, temperate climate countries, the
prevalence of infection declined over the last
30 years [Welton and Ades, 2005), with 10
to 50% of adults aged 15 to 45 years dis-
playing serological evidence of past infec-
tion (Gilbert, 2000). Much higher rates of
infection (up to 80%) were found in the
tropics in communities exposed to contami-
nated soil, undercooked meat, or unfiltered
water (Remington et al, 2006). In contrast to
Europe and North America, acquisition of
toxoplasmosis during childhood or adult-
hood in Brazil accounts for high levels of
eye disease. In parts of Brazil, up to 20% of
the population has toxoplasmic retinocho-
roiditis, resulting in high levels of visual im-
pairment (Portela et al, 2004). Toxoplasmo-
sis is a leading cause of blindness in South
America (de Boer et al, 2003), but not in
Europe or North America (de Boer et al,
2003).

The highest rates of infection with T.
gondii were reported in Europe, Central
America, Brazil, and Central Africa (Berger
et al, 2009). The environment plays a key
role in perpetuating the life cycle of T.
gondii, and warm, humid climates are ideal.
In parts of Central America, seropositivity
starts around one year of age, when children
begin playing in contaminated soil, and it
reached 50 to 75%, by adolescence. In other
areas, transmission occurs primarily through
the ingestion of undercooked meat. In these
areas, depending on eating customs, sero-
positivity might begin in adolescence (or
sooner) and could continue throughout
adulthood. In many parts of the world, the
pattern is mixed.

Estimates of the prevalence of congenital
toxoplasmosis based upon serologic screen-
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ing of neonates or infants range from ap-
proximately 1 per 1000 live births in some
areas of Latin America to 1 per 10,000 live
births in the United States (Guerina et al,
1994). The incidence of congenital toxo-
plasmosis in some European countries with
high rates of seroprevalence declined be-
tween the 1990s and early 2000s, likely ow-
ing to aggressive screening recommenda-
tions and national prevention programs
(Varella et al, 2009). Generally, incidence of
maternal infection during pregnancy ranged
from 1 to 8/1000 susceptible pregnancies,
with the highest reported rates in France
(Gilbert and Peckham, 2002). The risk of
transmitting infection to the fetus increases
steeply with the gestational age at serocon-
version (Thiébaut et al, 2007). Immuno-
competent women infected prior to concep-
tion virtually never transmit toxoplasmosis
to fetus, although rare exceptions have been
reported (Voge et al, 1996). The immuno-
compromised women (e.g., women with
AIDS or taking immunosuppressive medica-
tions) may have parasitemia during pregnan-
cy despite the preconceptional infection;
their infants were at risk of congenital infec-
tion (Desmonts et al, 1990).

In some Arabian and African countries
data were scattered. Toxoplasmosis among
women ranged from 22.5 to 37.4% in Saudi
Arabia (Shoura et al, 1973; Abbas et al,
1986), 37.5% in Libya (Kassem and Morsy,
1991), 37% in Jordan (Morsy and Michael,
1980), 95.5% in Kuwait (Behbehani and Al-
Karmi, 1980), in Egypt, pregnant women
22.2% and non-pregnant ones 20% showed
T. gondii antibodies (Saleh et al, 2014). In
Dar es-Salaam (Tanzania) a sero-prevalence
of 35% was reported in pregnant women
(Doehring et al, 1995). In Sudan Elnahas et
al. (2003) over 65% women were at risk of
sero-conversion during pregnancy. In Rabat
(Morocco) a recent infection was 93.5%
with IgM positive sera (EI Mansouri et al,
2007).

Congenital toxoplasmosis secondary to
reinfection was a rare event; this phenome-



non has been reported in approximately six
women over the past three decades. One
well-documented case demonstrated that
prior immunity to toxoplasma did not pro-
tect against reinfection with an atypical
strain (Elbez-Rubinstein et al, 2009).

Pathogenesis: The oocyst, bradyzoite, and
tachyzoite stages of T. gondii all can cause
disease in humans (Dubey and Jones, 2008).
Congenital infection typically occurs via the
transmission of tachyzoites through the pla-
centa after a primary maternal infection dur-
ing pregnancy, but rarely may occur after
reactivation of disease in an immunocom-
promised pregnant woman (Montoya and
Remington, 2008). The risk of transmission
to the fetus during an acute maternal infec-
tion varies depending upon the gestational
age during which maternal infection occurs.
As the gestational age increases, the risk of
infection in the fetus increases, but the se-
verity of the disease decreases (Elsheikha et
al, 2008).

Without treatment, most fetuses infected
early in pregnancy die in utero or in the neo-
natal period or develop severe neurologic
and ophthalmologic sequelae. Those infect-
ed in the second and third trimesters typical-
ly have mild or subclinical disease at birth.
In addition to gestational age at the time of
fetal infection, severity of congenital toxo-
plasmosis also is influenced by host immune
responses and the virulence of the T. gondii
strain (Jamieson et al, 2008).

Congenital toxoplasmosis has the broad
spectrum of nonspecific clinical manifesta-
tions. The so-called classic triad of congeni-
tal toxoplasmosis consists of the chorioreti-
nitis, hydrocephalus, and intracranial calcifi-
cations. However, the classic triad occurred
in less than 10% of cases, and most new-
borns with congenital toxoplasmosis were
asymptomatic (Tamma, 2007). There are
four types of clinical presentation (Reming-
ton et al, 2011): 1- Subclinical infection. 2-
Severe disease in the neonatal period, 3-
Mild or severe disease in the first few
months of life, and 4- Sequelae or relapse
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(usually ocular) of undiagnosed infection
later in infancy, childhood, or adolescence.

Subclinical infection: Most (70 to 90%)
newborns with the congenital Toxoplasma
infection have no manifestations on routine
physical examination (Desmonts and Cou-
vreur, 1974). More specific testing, such as
examination of cerebrospinal fluid (CSF),
detailed ophthalmologic examination, and
central nervous system (CNS) imaging may
reveal abnormalities and is recommended
when there is a high index of suspicion of
congenital infection. Among 48 infants with
congenital toxoplasmosis diagnosed through
a newborn screening program who had nor-
mal newborn examinations, 40% had CNS
or retinal abnormalities (Couvreur et al,
1984). Ophthalmologic lesions often consist
of unilateral macular retinal scars. CNS le-
sions always as small, focal cerebral calcifi-
cations; there might be mild to moderate el-
evations of CSF protein, sometimes >1g/dL,
and mononuclear CSF pleocytosis.

Clinically apparent disease: The signs and
symptoms of congenital toxoplasmosis are
present in only 10 to 30% of infants at birth
and symptomatic infection usually results
from primary maternal infection during the
first trimester (Hampton, 2015).

The clinical findings are multiple and non-
specific; they may be localized to the CNS
or eye, or they may be generalized (Mc-
Auley et al, 1994). In a case series from the
1940s in which 98% of 156 cases had clini-
cally apparent disease, the following data
were presented in >50% of cases (Eichen-
wald, 1959): a- Chorioretinitis (86%), b-
Abnormal cerebrospinal fluid (63%), and c-
Anemia (57%). Findings present in >25 to
50% of cases included: 1- Jaundice (43%),
2- Seizures (41%), 3- Splenomegaly (41%),
4- Hepatomegaly (41%), 5- Fever (40%), 6-
Intracranial calcification (37%0. 8- Lym-
phadenopathy (31%), and 9- Pneumonitis
(27%). The other common findings included
vomiting (25%), hydrocephalus (20%), eosi-
nophilia (9%), rash (8%), and abnormal
bleeding (7%).



McLeod et al. (2006) in Chicago reported
that 120 infants with congenital toxoplasmo-
sis with the exception that some findings
occurred more frequently: jaundice (about
60%), thrombocytopenia (about 40%), intra-
cranial calcifications (85%), microphthalmia
(about 20%), and hydrocephalus (50%).

Late manifestations: Newborns with mild
or subclinical congenital Toxoplasma dis-
ease at birth remain at significant risk for
long-term sequelae, particularly if they do
not receive extended anti-Toxoplasma thera-
py (Wilson et al, 1980).

On the other hand, immunocompetent per-
sons with primary infection are asymptomat-
ic, but latent infection can persist for the life
of the host. In immunosuppressed patients,
especially patients with the acquired immu-
nodeficiency syndrome (AIDS), the parasite
can reactivate and cause disease, usually
when the CD4 lymphocyte count falls below
100 cells/mm?. All the patients with human
immunodeficiency virus (HIV) infection
should be screened for T. gondii antibodies.
Counseling on preventing toxoplasmosis
should be given to those who are seronega-
tive and prophylaxis initiated, when appro-
priate, for seropositive patients (Luft and
Remington, 1992). Among the HIV-infected
patients, seroprevalence of T. gondii mirror
rates of seropositivity in the general popula-
tion. In the United States, T. gondii sero-
prevalence was 15% percent and did not dif-
fer based upon whether or not the individual
had HIV (Falusi et al, 2002). Those with
HIV were more likely to have antibodies to
T. gondii if they were >50 years of age or
born outside of the United States. In patients
with AIDS, there was no higher incidence of
toxoplasmosis in cat owners compared to the
non-cat owners (Wallace et al, 1993). Pa-
tients with AIDS and <100 CD4 cells/mm?,
who were Toxoplasma seropositive, had an
approximately 30% probability of develop-
ing reactivated toxoplasmosis if they did not
receive effective prophylaxis, reactivation
site is especially the central nervous system
(San-Andrés et al, 2003). Ng'walali et al.
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(2001) in Tanzania reported a 35-year old
man with fulminant Toxoplasma encephali-
tis in HIV-infected patient.

Chorioretinitis: The commonest late mani-
festation is chorioretinitis. The incidence of
new-onset retinal lesions in untreated chil-
dren approaches 90%, and the risk extends
into adulthood (Phan et al, 2008). Toxo-
plasma chorioretinitis, more simply known
as ocular toxoplasmosis, is probably the
commonest cause of infections in the back
of the eye (posterior segment) worldwide,
most cases are acquired congenitally (Papa-
dia et al, 2011). The toxoplasmic chorioreti-
nitis appears as raised yellow-white, cottony
lesions in a non-vascular distribution, unlike
the perivascular exudates of CMV retinitis.
Vitreal inflammation is usually present in
contrast to ocular toxoplasmosis in immuno-
competent patients. The chorioretinitis due
to T. gondii could rarely mimic acute retinal
necrosis (Moshfeghi et al, 2004). The com-
monest symptom is the decreased visual
acuity in one eye. The diagnosis is made by
examination of the eye, using ophthalmos-
copy. Sometimes serologic testing is used to
rule out the disease, but due to high rates of
false positives, serologies are not diagnostic
of toxoplasmic retinitis.

The typical lesion is a focal necrotizing
retinitis (Mets et al, 1997). Associated find-
ings may include microphthalmia, strabis-
mus, cataract, and nystagmus. Complica-
tions of Toxoplasma chorioretinitis include
vision loss, retinal detachment, and neovas-
cularization of the retina and optic nerve.
Other sequelae include cataracts, glaucoma,
and changes in the iris. The differential di-
agnosis of chorioretinitis in infants includes
other congenital infections associated with
retinal lesions (e.g., cytomegalovirus, herpes
simplex virus, rubella, varicella, syphilis);
congenital anomalies; and congenital hyper-
trophy of the retinal pigmented epithelium
(Hanshaw and Dudgeon, 1978).

Other late manifestations: Other late man-
ifestations of congenital toxoplasmosis in-
clude (Sever et al, 1988): a- Motor and cere-
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bellar dysfunction, b- Microcephaly, c- Sei-
zures, d- Intellectual disability (mental re-
tardation), and e- Sensorineural hearing loss.

Also, Setian et al. (2002) added growth
retardation and other endocrine abnormali-
ties, such as the precocious puberty (second-
ary to hypothalamopituitary dysfunction).

Differential diagnosis: Toxoplasmosis in-
fection must be differentiated from other
intrauterine infections with similar manifes-
tations in the newborn, and other conditions
cause retinal lesions. These include:

1- Rubella (Congenital rubella infection
(CRI) encompasses all outcomes associated
with intrauterine rubella infection as miscar-
riage, stillbirth, combinations of birth de-
fects, asymptomatic infection (Reef et al,
2000). Congenital rubella syndrome (CRS)
refers to variable constellations of birth de-
fects as the hearing impairment, congenital
heart defects, cataracts/ congenital glauco-
ma, pigmentary retinopathy...etc. (Plotkin et
al, 1996). Newborns with CRS remain ac-
tively infected and contagious at the birth
time (Cherry, 2009). Droplet precautions
should be instituted for hospitalized patients
as soon as rubella or congenital rubella in-
fection is suspected (Plotkin et al, 2011).
Rubella virus is spread from person to per-
son via airborne transmission or droplets
shed from respiratory secretions or may be
transmitted by persons with subclinical or
asymptomatic infection. However, no spe-
cial precautions are necessary in the house-
hold setting for infants with CRS. However,
the family should be advised about the po-
tential risks to pregnant visitors and the indi-
viduals known to be rubella immune should
care for contagious or potentially contagious
patients (CDC, 2011).

2- Cytomegalovirus (CMV) is a ubiquitous
virus that commonly infects people across
the spectrum of all ages, races, and ethnic
groups, and those from a variety of socioec-
onomic, cultural, and geographic back-
grounds. Although most CMV infections are
asymptomatic or cause mild disease, the vi-
rus could cause serious disease in the new-
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borns and immunocompromised children
(Demmler-Harrison, 2009). Approximately
1% (0.2 to 2.5%) of newborns was born con-
genitally infected with CMV (Mocarski,
1996). Most of these newborns appear nor-
mal and are asymptomatic, but 5 to 15% of
congenitally infected newborns have symp-
toms at birth. Both maternal primary and
recurrent infection during pregnancy can
result in congenital infection of the infant,
but the rate of transmission is far higher for
mothers with primary infection (40 vs. <1%
transmission). Infants born congenitally in-
fected with CMV as a result of a primary
maternal infection also are much more likely
to have symptoms at birth and suffer seque-
lae (Demmler, 1991). Preventing cytomeg-
alovirus (CMV) infection is difficult because
the virus is so ubiquitous and infection oc-
curs so commonly. However, in certain cir-
cumstances, trying to prevent CMV infec-
tion is desirable (Paya, 2001).

3- Syphilis (Congenital syphilis occurs
when the spirochete Treponema pallidum is
transmitted from a pregnant woman to her
fetus. Infection can result in stillbirth, prem-
aturity, or a wide spectrum of clinical mani-
festations; only severe cases are clinically
apparent at birth (CDC, 2010b). Early con-
genital syphilis is arbitrarily defined by clin-
ical manifestations with onset before two
years of age (Dobson et al, 2009). Manifes-
tations of early clinical syphilis are varied
and unpredictable, about 40 to 60% of the
symptomatic infants have at least one of the
following: hepatomegaly, nasal discharge
(“snuffles”), rash, generalized lymphade-
nopathy, or skeletal abnormalities (Rawstron
and Hawkes, 2012). Late congenital syphilis
is related to scarring or persistent inflamma-
tion from early infection and are character-
ized by gumma formation in various tissues
(Chakraborty and Luck, 2008). Late con-
genital syphilis develops in about 40% of
infants born to women with untreated syphi-
lis during pregnancy. Some manifestations
of the late congenital syphilis can be pre-
vented by treatment of the mother during



pregnancy or treatment of the infant within
the first three months of life (Stamos and
Rowley, 1994).

However, other manifestations as keratitis,
saber shins) might occur or progress despite
appropriate therapy (Oksala, 1957). The di-
agnosis of congenital syphilis should be sus-
pected in all infants born to women who
have reactive nontreponemal and treponemal
tests for syphilis and infants/children with
clinical findings compatible with congenital
syphilis (Workowski et al, 2010).

4- Congenital lymphocytic choriomeningi-
tis virus syndrome: a disease that mimics the
congenital toxoplasmosis or Cytomegalovi-
rus infection. Congenital LCM virus infec-
tion could be an under-recognized cause of
congenital infection among infants born in
the United States. Because of the clinical
similarities of these congenital infections,
cases of congenital LCM virus infection can
be confused with infections with cytomegal-
ovirus or Toxoplasma gondii (Wright et al,
1997). This disease must be differentiated
from Toxoplasmosis, Other (i.e. Syphilis,
VZV, EBV, HIV, West Nile Virus), Rubella,
Cytomegalovirus (CMV), Herpes Simplex
Virus (HSV), Inherited Aicardi Syndrome
(lethal in males), Choroideremia and/or Gy-
rate Atrophy (Lucas et al, 2009). CDC
(2014) stated that LCMV is most commonly
recognized as causing neurological disease,
as its name implies, though infection without
symptoms or mild febrile illnesses are more
common clinical manifestations. The onset
of symptoms usually occurs 8-13 days after
exposure to virus as part of a biphasic febrile
illness. This initial phase, which may last as
long as a week, typically begins with any or
all of the following symptoms: fever, ma-
laise, lack of appetite, muscle aches, head-
ache, nausea, and vomiting. Other less fre-
quent symptoms include sore throat, cough,
joint pain, chest pain, testicular pain, and
parotid (salivary gland) pain. Following few
days of recovery, a second phase of illness
may occur. Symptoms may consist of men-
ingitis (fever, headache, stiff neck, etc.), en-
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cephalitis, or meningoencephalitis. LCMV
causes acute hydrocephalus (increased fluid
on the brain), which often requires surgical
shunting to relieve increased intracranial
pressure. In rare instances, infection results
in myelitis and presents with symptoms such
as muscle weakness, paralysis, or changes in
body sensation. An association between
LCMV infection and myocarditis was sug-
gested.

5- Congenital retinal anomalies: Cogan
(1971) clinically classified congenital retinal
anomalies under the following headings: a-
Coloboma-orbital cyst-"anophthalmos" gro-
up due to aberrant closure of the embryonic
fissure; b- Retinal fold-central stalk-detach-
ment group comprising a series that varies
from simple retinal folds to total retinal de-
tachment and anomalous stalk formation.
Cases of the 13-15 trisomy syndrome consti-
tute a special subgroup in this rubric; c- Ret-
rolental fibroplasia, due to hyperoxia of
premature infants, is manifest by "dragged”
disks and gliovascular proliferation with oc-
casional detachment; d- Persistent hyaloid
system is occasionally associated with mild
anomalies of the retina; e- Massive gliosis of
the retina is usually a hamartomatous mani-
festation; f- Congenital absence of ganglion
cells occurs with cerebral maldevelopment
and g- Congenital absence of the photore-
ceptors is the congenital form of retinitis
pigmentosa.

6- Congenital hypertrophy of the retinal
pigmented epithelium: Generally, CHRPE
displays hypoautoflouorescence and hypore-
flectivity with hyper-reflective lacunae on
IR imaging. On EDI-OCT, CHRPE seems
flat with thickened, irregular RPE and absent
RPE within lacunae. A prominent feature is
outer retinal loss, generally involving the
outer nuclear layer to photo-receptors, occa-
sionally with a characteristic sub-retinal cleft
(Fung et al, 2014). Serology, the ophthalmo-
logic evaluation, and central nervous system
imaging usually can differentiate congenital
toxoplasmosis from these conditions.

7- Congenital toxoplasmosis from reactivat-



ion of latent infection in a severely immuno-
depressed HIV-infected pregnant woman,
with poor adherence to therapy was reported
(Fernandes et al, 2009).

Evaluation and diagnosis: Timely diagno-
sis of congenital toxoplasmosis infections
facilitates early initiation of therapy. Diagn-
osis may be suspected based upon maternal
serology, newborn screening, or clinical ma-
nifestations, but it is confirmed with the ref-
erence laboratory tests.

Clinical suspicion: Congenital toxoplas-
mosis should be suspected in (Carter and
Frank, 1986): 1- Infants born to women who
have evidence of primary T. gondii infection
during gestation, 2- Infants born to women
who are immunosuppressed and have sero-
logic evidence of past infection with T.
gondii, and 3- Infants who have compatible
clinical findings (e.g., intracranial calcifica-
tions, chorioretinitis, otherwise unexplained
mononuclear cerebrospinal fluid (CSF) ple-
ocytosis or elevated CSF protein).

Infants who have a positive screening test
for Toxoplasma IgM, in regions where such
serologic screening is a must (Naot et al,
1981). The newborn screening is to detect
disorders that are threatening to life or long-
term health before they become symptomat-
ic. These conditions include inborn errors of
metabolism, endocrine disorders, hemoglo-
binopathies, and perinatally acquired infec-
tious diseases (Kaye, 2008). Early treatment
of these rare disorders may significantly re-
duce mortality and morbidity in affected pa-
tients. About four million infants born annu-
ally in the United States undergo screening
for genetic and metabolic diseases. Newborn
screening is the universally accepted public
health program that integrates sample collec-
tion, laboratory testing, follow-up, diagno-
sis, treatment of identified disease, and
tracking of outcomes (Pass et al, 2000).
Given the potential difficulty in interpreting
serologic tests in newborn infants, all infants
with possible congenital toxoplasmosis must
undergo the additional clinical, laboratory,
and imaging evaluation for evidence of con-
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genital toxoplasmosis.

Clinical evaluation: The evaluation of the
newborn with suspected congenital toxopla-
smosis should include a review of maternal
history and serology (if available), complete
physical examination, T. gondii serology,
and evaluation for the ophthalmologic, neu-
rologic, and other manifestations that might
not be detected on physical examination
(Tab. 1). Dependable diagnosis generally
relies upon a combination of clinical and
laboratory findings.

The clinical evaluation should include: 1-
Eye examination: Chorioretinitis may be the
only clinical manifestation. In a cohort of 48
infants with congenital toxoplasmosis who
were identified through neonatal serologic
screening and who had normal physical ex-
aminations, approximately 20% suffered
from retinal lesions or scars at birth. The ex-
amination should be performed by an oph-
thalmologist experienced in retinal examina-
tions in newborn and young infants; typical-
ly infants are referred to a pediatric oph-
thalmology clinic (Uhumwangho and Jalali,
2014). 2- Neurologic evaluation, including
lumbar puncture and cranial imaging: Cen-
tral nervous system (CNS) abnormalities
may be the only manifestation of congenital
toxoplasmosis. In a cohort of 48 infants with
congenital toxoplasmosis who were identi-
fied through neonatal serologic screening
and who had normal physical examinations,
30% had evidence of CNS involvement
CNS involvement may manifest with elevat-
ed CSF protein (sometimes >1g/dL) or
mononuclear CSF pleocytosis. In addition,
the detection of Toxoplasma-specific IgM in
the CSF or isolation of T. gondii from the
CSF may confirm the diagnosis (Wallon et
al, 1988). 3- Cranial imaging is performed to
assess focal brain lesions or hydrocephalus.
They preferred computed tomo-graphy (CT)
without contrast as the preferred imaging
study because it is fast and less costly than
magnetic resonance imaging (MRI), and
usually can be done without sedation, and
they have found it to be more sensitive than



ultrasonography in detecting the small calci-
fied lesions.

Abnormalities on neuroimaging may in-
clude (Friedman et al, 1999): 1- Intracranial
calcifications, single or multiple, scattered
throughout the brain, 2- Hydrocephalus
(characteristically secondary to periaqueduc-
tal involvement), and 3- Cortical atrophy.

Hearing evaluation: All the newborns with
suspected congenital toxoplasmosis should
undergo hearing evaluation. Early identifica-
tion of hearing impairment facilitates early
intervention and improved outcomes. Toxo-
plasma gondii was associated with disorders
of the auditory pathways since the 1950's
(Wright, 1971), when calcium deposits (sim-
ilar to those found in the brains of children
with congenital toxoplasmosis) were found
in the spiral ligament and the cochlea (Kel-
emen, 1958). Congenital toxoplasmosis cau-
sed sensorineural deficit in up to 20% of the
Brazilian patients and the proper treatment
in the first year improved prognosis (And-
rade et al, 2008).

Laboratory evaluation: The laboratory eva-
luation for children with suspected congeni-
tal toxoplasmosis includes serology, PCR,
and other tests that help to confirm infection,
evaluate the extent of infection, and to ob-
tain baseline values before initiating antimi-
crobial therapy. Isolation of T. gondii from
clinical specimens may also be performed,
but this technique requires additional time
and is only available in select reference la-
boratories.

Serology: The diagnosis of congenital tox-
oplasmosis infection in the newborn usually
is made serologically, but the interpretation
of serologic results can be complicated, and
consultation with an infectious disease spe-
cialist may be warranted.

Issues that complicate interpretation of
serologic results in the newborn include
(Roc et al, 2010): 1- Anti-Toxoplasma 1gG
in the newborn reflected past or current in-
fection in the mother (since IgG crosses pla-
centa), 2- Fetal IgM antibody might disap-
pear before birth, 3- Prenatal treatment may

530

affect the serologic profile of the infant; IgM
was rarely present in infants who received
anti- Toxoplasma therapy with Pyrimetham-
ine and Sulfadiazine in utero. Data regarding
the effects of prenatal treatment on other an-
tibodies are lacking, 4- The newborn anti-
body response to T. gondii might be delayed
for months, and 5- Placental leakage of ma-
ternal IgM or IgA might result in low posi-
tive IgM or IgA in an uninfected infant
shortly after birth.

For an accurate serologic diagnosis, testing
of blood samples from both the infant and
his mother is required. Immunologically
normal women with acute Toxoplasma in-
fection in pregnancy typically have positive
Toxoplasma 1gG & IgM antibodies (Villard
et al, 2013).

Diagnosis in the newborn relies on the
presence of Toxoplasma-specific IgM by
ELISA or by immunosorbent agglutination
assay (ISAGA). Toxoplasma-specific IgM
may be demonstrated within the first few
days of life or may appear at variable times
after birth (depending upon the timing of
maternal infection). Thus, negative Toxopla-
sma-specific IgM did not exclude the con-
genital infection (Torgerson and Mastroia-
covo, 2013)

When the infant’s IgM titers are negative
or equivocal, 1gA and IgE ELISA should be
performed (Wong et al, 1993), Detection of
Toxoplasma-specific IgA or IgE was more
sensitive than detection of IgM for congeni-
tal toxoplasmosis (approximately 90 vs. 75
to 80%), but the specificity was not assured
(Decoster et al, 1988). None of the currently
available commercial assays offered in the
United States were cleared by the FDA for
in vitro diagnostic use for infants, and con-
firmation in a reference laboratory as the
Toxoplasmosis Serology Laboratory at the
Palo Alto Medical Foundation was suggest-
ed (CDC, 2010a). Qutside the United States,
there are a number of countries with refer-
ence or special interest laboratories that per-
form maternal and newborn serology for T.
gondii. Specific examples of reference la-
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boratories include the World Health Organi-
zation/Food and Agriculture Organization of
the United Nations (WHO/FAO) Interna-
tional Centre for Research and Reference on
Toxoplasmosis (Staten Serum Institute, Co-
penhagen, Denmark) and the Toxoplasma
Reference Laboratory, Public Health Labor-
atory (Singleton Hospital, Swansea, United
Kingdom), and others (Petersen et al, 2005).

Repeat testing at 10 days of age can help
to make the diagnosis. IgM and IgA titers in
an infant who is not infected (ie, in an infant
with low positive IgM and IgA titers as a
result of placental leak) will decrease rapid-
ly, whereas the titers will remain positive for
weeks to months in an infant who was in-
fected in utero (Stepick-Biek et al, 1990).

Serial serologic testing during the first
year of life is required for diagnosis when
the initial results are equivocal. Transplacen-
tally derived the maternal Toxoplasma-lgG
titers usually fall to undetectable levels be-
tween 6 and 12 months of age. In contrast,
infants with congenital infection typically
have elevated Toxoplasma-specific 1gG lev-
els beyond one year of age (McAuley,
2008). Decisions regarding treatment in
equivocal cases must weigh the risks and
benefits of initiating treatment without a de-
finitive diagnosis versus waiting for confir-
mation of the diagnosis (which may take
months).

Demonstration of T. gondii: Isolation or
histologic demonstration of T. gondii or the
T. gondii nucleic acids from clinical speci-
mens in conjunction with compatible clinical
and/or serologic findings can confirm the
diagnosis of congenital toxoplasmosis. The-
se methods are used less frequently than se-
rology because they are not widely available
and may require tissue specimens (Rifaat et
al, 1977).

Laboratory methods that involve isolation
or demonstration of T. gondii include (Fili-
setti et al, 2010): 1- Positive T. gondii poly-
merase chain reaction (PCR). The PCR on
amniotic fluid is particularly useful for the
diagnosis of fetal infection. PCR can also be
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used on brain tissue, cerebrospinal fluid,
vitreous fluid (ocular Toxoplasma), urine,
peripheral blood, and broncho-alveolar lav-
age fluid, cord blood, newborn peripheral
blood, cerebrospinal fluid, or placenta. 2-
Observation of parasites (e.g., demonstration
of cysts) in body fluids or tissues (e.g., pla-
centa). 3- Isolation of parasites from blood
orbody fluids by mouse inoculation or tissue
culture; these require two to six weeks for
completion (Boyer, 2001).

Other laboratory tests: Other laboratory tests
that should be included in the initial evaluation
of the infant with suspected congenital toxo-
plasmosis include (Tab. 1): 1- Lumbar punc-
ture to obtain CSF for protein, glucose, cell
count, and T. gondii PCR. The Toxoplasma-
specific IgG & IgM in CSF also may be use-
ful. CSF PCR and serologies are performed
in reference laboratories. 2- Complete blood
count with differential and platelet count
(anemia, thrombocytopenia, and eosinophil-
ia are common nonspecific manifestations in
symptomatic infants). 3- Liver function tests
(aspartate aminotransferase, alanine amino-
transferase, total and direct bilirubin). 4- Se-
rum creatinine and urinalysis (before initiat-
ing treatment with sulfadiazine, sulfamera-
zine, or sulfamethazine); the dosing of these
agents requires adjustment in patients with
renal insufficiency.

Evaluation for glucose-6-phosphatase de-
hydrogenase deficiency must be done before
treatment with sulfadiazine, sulfamerazine,
or sulfamethazine. Celik et al. (2013) repo-
rted that testing for G6PD must be ordered
to all newborns who are receiving photo-
therapy and especially to those who are
coming from the high incident geographical
regions and less responsive to phototherapy.
Molad et al. (2013) reported that in severe
cases with persistent anemia one should
search after delivery for a second reason
other than G6PD deficiency alone. Besides,
Soliman et al. (1985) reported toxic effect of
pyrimathamine® in experimental animals

The quantitative serum immunoglobulins
(1gG, IgM, & IgA) may be useful in the con-
firmation of congenital infection. The ratio


http://europepmc.org/search/?scope=fulltext&page=1&query=AUTH:%22Petersen%20E%22
file:///C:/Users/Tosson/Downloads/Compressed/UpToDate%2021.3%20for%20Android,%20PC%20and%20all%20devices%20run%20HTML5/UpToDate%2021.3%20for%20Android,%20PC%20and%20all%20devices%20run%20HTML5/Uptodate/Uptodate/contents/mobipreview.htm
https://www.ncbi.nlm.nih.gov/pubmed/?term=Molad%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23719252

of Toxoplasma-specific 1gG to total IgG de-
creases in the second to third month in in-
fants without congenital toxoplasmosis and
remains stable or increases in infants with
congenital toxoplasmosis (Gontijo da Silva
et al, 2015). Oliveira et al. (2015) reported
that T. gondii-specific 1gG, IgM and IgA
antibodies in serum and colostrum samples
from puerperal women may be detected with
a significant correlation, suggesting that co-
lostrum may also be used as an alternative
biological sample to efficiently diagnose re-
cent human toxoplasmaosis.

Urine culture for cytomegalovirus might
have similar clinical manifestations, and/or
occur as a concomitant infection (Wright et
al, 1997). The clinical presentation in some
symptomatic toxoplasmosis infants could
overlap with many other congenital infec-
tions (e.g., rubella, syphilis, congenital lym-
phocytic choriomeningitis virus syndrome,
and congenital retinal anomalies), but these
usually can be distinguished from congenital
toxoplasmaosis through serology (mother and
infant), maternal prenatal and postnatal his-
tory and routine screening tests, ophthalmo-
logic evaluation, and central nervous system
imaging.

Interpretation: Among infants not diag-
nosed prenatally, congenital toxoplasmosis
was confirmed or highly likely in the follow-
ing scenarios (Contopoulos-loannidis and
Montoya, 2012). Toxoplasma-specific 1gM,
IgA, or IgE in the serum of newborns with
compatible maternal serology; contamina-
tion with maternal blood should also be rea-
sonably excluded (Rabilloud et al, 2010).

Characteristic clinical findings (chorioreti-
nitis, intracranial calcifications, and/or hy-
drocephalus) in the infant born to a mother
with documented primary infection during
pregnancy (or chronic Toxoplasma infection
if the mother is immune compromised). Con-
tributing laboratory findings in this setting
would include abnormal CSF profile or posi-
tive Toxoplasma PCR (Gilbert et al, 2007).

Serial serology is a must to confirm or ex-
clude congenital toxoplasmosis in infants
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who have positive initial serology in the ab-
sence of clinical abnormalities. In such cas-
es, decisions regarding treatment must
weigh the risks and benefits of initiating the
treatment without a definitive diagnosis ver-
sus waiting for confirmation of the diagnosis
(which may take months).

Congenital toxoplasmosis is confirmed if
there was (Dard et al, 2017): 1-An increase
in anti-Toxoplasma 1gG titer during the first
year of life or increasing 1gG titer compared
with the mother’s; the congenitally infected
infant usually can synthesize Toxoplasma
IgG by the third month of life if he or she is
not treated; synthesis may be delayed until
six to nine months of age in treated infants,
and 2- Persistence of anti-Toxoplasma IgG
at one year of age (by which time trans-
placentally acquired maternal 1gG should
have disappeared).

In the absence of treatment, congenital
toxoplasmosis is excluded if serial serologic
testing showed a continuous decline in 1gG
titer in the absence of Toxoplasma-specific
IgM or IgA, provided that the child is capa-
ble of synthesizing 1gG (assessed by meas-
urement of serum quantitative immunoglob-
ulins). Titers may decline with IgM becom-
ing negative while on treatment; these in-
fants typically have a rebound rise in IgM
when retested one to several months off of
treatment (Sarwat et al, 1993).

Treatment or Antiparasitic therapy: Treat-
ment with antiparasitic therapy for infants
(<12 months) in whom a diagnosis of con-
genital toxoplasmosis is confirmed or highly
likely, including (McAuley et al, 1994): 1-
Infants diagnosed with congenital toxoplas-
mosis prenatally (whether or not their moth-
ers received chemotherapy). 2- Infants with
suspected congenital toxoplasmosis who
have confirmation serology or PCR per-
formed by a reference laboratory. 3- Infants
with evidence of recent maternal T. gondii
infection in conjunction with the clinical
findings compatible with congenital toxo-
plasmosis in the infant (chorioretinitis, intra-
cranial calcifications, and /or hydrocephalus)



Given the increased risk of late sequelae in
untreated congenital toxoplasmosis, we also
suggest antiparasitic treatment for asympto-
matic infants with equivocal newborn serol-
ogy, pending definitive diagnosis, which
may take months (Remington et al, 2011).

Treatment regimen: The preferred antipara-
sitic regimen includes pyrimethamine and
sulfadiazine (or sulfamerazine or sulfame-
thazine) and folinic acid (McAuley et al,
2009). Sulfamerazine and sulfamethazine
are not available in the United States. The
optimal doses and duration for these drugs
are not established definitively and should
be determined in consultation with special-
ists in pediatric infectious diseases.

Pyrimethamine 2mg/kg (maximum 50mg/
dose) once daily for two days; then 1mg/kg
(maximum 25mg/dose) once daily for six
months; and then 1mg/kg (maximum 25mg/
dose) every other day (i.e., Monday, Wedne-
sday, and Friday) to complete one year of
therapy, and Sulfadiazine 100mg/kg/day di-
vided in two doses every day for one year,
plus Folinic acid (leucovorin) 10mg three
times per week during and for one week af-
ter pyrimethamine therapy.

For infants with clinical evidence of toxo-
plasmosis, combination therapy for one year
was associated with decreased incidence of
long-term complications and decreased inci-
dence of new-onset ocular disease compared
with no treatment or treatment for shorter
periods (Roizen et al, 1995). Treatment for
one year was recommended (Contopoulosl-
oannidis and Montoya, 2012). However, in
some centers, treatment is continued for two
years.

Glucocorticoids (prednisone 0.5mg twice/
day) were added if cerebrospinal fluid (CSF)
protein is >1 g/dL or when active chorioreti-
nitis threatens vision. Glucocorticoids are
continued until resolution of elevated CSF
protein or active chorioretinitis that threatens
vision. The benefit of adjunctive glucocorti-
coids has not been demonstrated in con-
trolled trials; adverse effects have not been
noted in cohort studies. The infant should be
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weighed weekly and the doses adjusted ac-
cordingly. Pyrimethamine should be tempo-
rarily withheld if the absolute neutrophil
count (ANC) falls below 500cells/microL.
Dose of folinic acid must be increased as
needed if ANC was below 1000cells/microL

For infants who develop an allergy to sul-
fadiazine, clindamycin (20 to 30mg/kg/day
divided into four doses) may be substituted
(Dannemann et al, 1992). Skin exanthems
(hives, allergic dermatitis) are the common-
est allergic reactions to sulfadiazine, but se-
vere leucopenia rarely can occur; sulfadia-
zine-induced leucopenia should be consid-
ered in any infant who develops leucopenia
unresponsive to increased folinic acid dosing
or temporary discontinuation of pyrimetha-
mine.

Special considerations are necessary for
the children with renal insufficiency or gluc-
ose-6-phosphate-dehydrogenase (G6PD) de-
ficiency and those taking anticonvulsant or
antiretroviral therapy (Katlama et al, 1996).

Sulfadiazine is excreted in the kidney, and
the dose may require adjustment for infants
with renal insufficiency. Sulfadiazine may
cause hemolysis in children with G6PD de-
ficiency; clindamycin may be substituted for
sulfadiazine in children with G6PD defi-
ciency. The combination of pyrimethamine
and clindamycin has been used to success-
fully treat toxoplasmic encephalitis in pa-
tients with AIDS (Dannemann et al, 1988)
and the authors have used it without compli-
cations in a child with severe G6PD defi-
ciency. They recommended the use of pyri-
methamine and clindamycin in several chil-
dren who developed sulfadiazine allergy.
However, high-dose pyrimethamine was re-
ported to cause hemolytic anemia in some
patients with G6PD deficiency, and such
patients should be monitored closely. Com-
bination antiparasitic therapy is recommend-
ed for treating Toxoplasma infection, so in
children not able to take either pyrimetham-
ine or sulfadiazine, clindamycin plus an al-
ternative agent should be selected in consul-
tation with an infectious disease expert.
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Sulfadiazine prolonged phenytoin half-life
of by interference with hepatic microsomal
enzymes, and dose adjustment (Gilbert and
Dezateux, 2006).

As to toxoplasmosis and HIV, the com-
monest extracerebral sites in HIV-infected
patients were the heart, lungs, and pancreas
with 91, 61, & 26% of cases, respectively
also, the spinal cord and CNS (Hofman et al,
1993). During acute toxoplasmosis, sympto-
ms are often influenza-like: swollen lymph
nodes, or muscle aches and pains for a
month or more. Rarely, a patient with a fully
functioning immunesystem may develop eye
damage. Young children and immunocomp-
romised patients, with HIV/AIDS, those on
certain types of chemotherapy, or those who
have recently received an organ transplant,
may develop severe toxoplasmosis. This
could cause damage to brain or eyes (Paquet
et al, 2013).

First-line therapies for cerebral toxoplasm-
osis and HIV/ADIS include pyrimethamine
plus sulfadiazine or pyrimethamine and clin-
damycin: Pyrimethamine (200mg loading
dose followed by 50mg PO daily in patients
<60kg or 75mg daily in patients >60kg) and
Sulfadiazine (1000mg four times PO daily in
patients <60 kg to 1500mg four times PO
daily among patients >60 kg) and Leucovo-
rin 10 to 25mg PO daily (Rabaud et al,
1994). Alternatives are trimethoprim-sulfa-
methoxazole, pyrimethamine and azithromy-
cin, pyrimethamine and atovaquone, or sulf-
adiazine and atovaquone (Katlama et al,
1996). The folinic acid must always accom-
pany the pyrimethamine therapy (Jordan et
al, 2004). The doses of pyrimethamine /sulf-
adiazine or the pyrimethamine/ clindamycin
were usually lowered for maintenance of tre-
atment after approximately six weeks of the-
rapy. Corticosteroids were given in conjunc-
tion with antibiotics in patients with signs of
significant increased intracranial pressure
(Béraud et al, 2009).

Conclusion
Congenital toxoplasmosis is caused by T.
gondii, an intracellular protozoan parasite.
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Congenital toxoplasmosis occurs throughout
the world. The prevalence ranged from
1/1000 live births to 1/10,000 live births,
depending upon the risk of primary Toxo-
plasma infection in women of child-bearing
age.

The transmission toxoplasmosis risk to the
fetus during an acute maternal infection in-
creases with increasing gestational age of
the fetus, but the infection severity decreases
with increasing gestational age.

Most newborns with congenital toxopla-
smosis are asymptomatic. But, among symp-
tomatic ones symptoms are nonspecific and
may include chorioretinitis, intracranial cal-
cifications, seizures, jaundice, hepatosple-
nomegaly, lymphadenopathy, anemia, thro-
mbocytopenia, and abnormal cerebrospinal
fluid. Late manifestations of untreated con-
genital toxoplasmosis includes chorioretini-
tis and neurologic abnormalities (motor ab-
normalities, intellectual disability, and/or he-
aring loss), or without any clinical sympt-
oms or findings at birth.

Recommendations

The congenital toxoplasmosis prevention
IS most often based on the results of a sero-
logical screening program in pregnant wom-
en followed by prenatal and postnatal treat-
ment of women and their newborns if infec-
tion was already established during the
pregnancy or ton cord blood (secondary pre-
vention). The primary prevention must not
only be based on education about preventive
measures given by physicians, but also these
guidelines must be reiterated during antena-
tal classes and leaflets distributed containing
the written recommendations on the risk na-
ture of the disease and its avoidance.

1- Differential diagnosis of the congenital
toxoplasmosis includes other intrauterine
infections and retinal lesions. Timely; con-
genital toxoplasmosis diagnosis facilitates
early initiation of therapy. Diagnosis may be
suspected based upon maternal serology,
newborn screening, or clinical manifesta-
tions, but confirmed with laboratory tests,
usually in a reference laboratory.
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2- Evaluation of newborn with suspected
congenital infection should include a com-
plete physical examination, T. gondii serolo-
gy, and evaluation for ophthalmologic, neu-
rologic, and other manifestations that may
not be detected on the physical examination.

3- Diagnosis of congenital toxoplasmosis
usually serologically; serial serology may be
necessary to confirm or to exclude diagnosis
in infants without clinical manifestations.

4- Complete blood counts monitored dur-
ing therapy are a must to evaluate the drug-
induced neutropenia, and hemolysis espe-
cially for patients with the G6PD deficiency,

the renal insufficiency.
5- Clinical monitoring for the late ophtha-
Imologic and neurodevelopmental manifes-
tations of congenital toxoplasmosis via early
childhood.

6- Treated infants remain at risk for long-
term sequelae, especially the new-onset ocu-

lar disease; recurrence of ocular disease may
occur after cessation of treatment. The long-
term neurologic deficits usually correlate
with the severity of brain injury before the
initiation of treatment.

7- Risk factors for poor outcome include
delay in the correct diagnosis and thus initia-
tion of treatment, prolonged uncorrected hy-
drocephalus, cerebrospinal fluid protein >1g
/dL, cerebral atrophy, and extensive visual
impairment.

8- Health system should offer education
that help prevention of toxoplasmosis in fe-
males and immunosuppressed patients.

9- Management the livestock and their
meat and milk products influence the human
toxoplasmaosis risk.

10- Health education about toxoplasmosis
and its complications should be tailored to
women of childbearing age may help to pre-
vent the infection and its complications

Table 1 Initial clinical evaluation of the newborn/infant with suspected congenital toxoplasmosis

Test |

Comment

Clinical evaluations

Complete physical examination

Fever, jaundice, hepatosplenomegaly, and lymphadenopathy common in symptomatic infants (but
t examination is normal in most cases)

Ophthalmologist retinal examinations in
newborn and young infants

Chorioretinitis only manifestation

Neurologic CT of head without contrast

Intracranial calcifications or hydrocephalus only manifestation

Hearing assessment

Currently recommended for all infants (in the United States)

Lumbar puncture

CSF glucose, protein, cell count

CSF abnormalities only manifestation; CSF protein may be >1 g/dL in severely affected infants
but typically lower in mild or subclinical disease

Toxoplasma-specific PCR* Can establish diagnosis

Primary serology*

Toxoplasma-specific 1IgG (ELISA)

Not differentiate maternal from infant infection in newborn period

Toxoplasma-specific IgM (double sand-
wich ELISA)

Indicative of congenital infection if not contaminated with maternal blood; negative IgM not
exclude congenital toxoplasmosis

Additional serology* * (complementary and

more sensitive than primary serology)

Toxo-specific IgA (ELISA/ISAGA)

Indicative of congenital infection if not contaminated with maternal blood; especially useful if
19G & IgM assays are indeterminate

Toxo-specific IgE (ELISA/ISAGA)

Indicative of congenital infection if not contaminated with maternal blood; especially useful if
1gG & 1gM assays indeterminate

Blood tests (primarily performed before ini

tiating treatment in confirmed or suspected cases)

CBC with differential and platelet count

Anemia and thrombocytopenia common in symptomatic infants; also necessary to establish base-
line before treatment may cause bone marrow suppression

Evaluation for G6PD deficiency (before
initiation of treatment)

Treatment with sulfadiazine may cause hemolysis in G6PD-deficient children

Liver function tests (AST, ALT, total &
direct bilirubin)

Primarily for baseline studies before initiating treatment; both direct and cholestatic jaundice may
occur in infected infants

Serum creatinine & urinalysis (before

initiation treatment) renal insufficiency

Sulfadiazine (or sulfamerazine or sulfamethazine) dosing requires adjustment in patients with

Miscellaneous

Urine for cytomegalovirus

To exclude congenital cytomegalovirus of similar clinical manifestations; coinfection with cy-
tomeg-alovirus and toxoplasmosis may occur
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