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Educational Gap

Superficial fungal infections are often mistaken for other common diseases, and the ep-

idemiology of tinea capitis has changed, requiring adaptation in diagnostic techniques.

Objectives After completing this article, readers should be able to:

1. Recognize the many forms of superficial fungal infections and be aware of their varied

clinical presentations and complications.

2. Be aware of other common skin conditions that can mimic superficial fungal

infections.

3. Understand proper techniques for diagnosing superficial fungal infections.

4. Be aware of recommended regimens for treating superficial fungal infections.

Introduction
Infections caused by pathogenic fungi and limited to the human hair, nails, epidermis, and
mucosa are referred to as superficial fungal infections. Despite the fact that these infections
rarely are dangerous or life threatening, they are important because of their worldwide dis-
tribution, frequency, person-to-person transmission, and morbidity. Furthermore, partic-
ularly severe infections or those refractory to treatment may be the first indication of an
underlying immunodeficiency.

Dermatophytosis (tinea or ringworm), pityriasis versicolor (formerly tinea versicolor),
and candidiasis (moniliasis) are the three most common types of superficial fungal in-
fections. The dermatophytes are a large group of related fungi that can infect human
skin, hair, and nails; they are found in soil (geophilic organisms), on animals (zoophilic),
and on humans (anthropophilic). These fungi require keratin for growth and, therefore,
they are unable to infect mucosal surfaces. These fungi are found all over the world,
although the specific species, and subsequent clinical presentation, vary from region
to region.

Dermatophytosis is labeled by the involved area of the body (eg, tinea corporis, tinea
capitis¸ tinea pedis, tinea unguium). Pityriasis versicolor is caused by the yeast form of a di-
morphic fungus that is considered part of the normal human skin flora. Candidiasis is
caused by a yeast-like fungus of the genus Candida (most commonly C albicans) that is
part of the microflora in the human gastrointestinal tract (including the mouth) and the
vagina. Symptoms and signs of candidiasis manifest with a change in the normal host im-
mune system.

This article will review a practical approach to the diagnosis and treatment of dermato-
phytosis, pityriasis versicolor, and other commondiseases that often aremistaken for a superficial
fungal infection. Candidiasis will not be discussed further in this review. Tinea capitis will be
reviewed in detail because of its high incidence in children, need for systemic therapy, and po-
tential for significant morbidity (particularly scarring alopecia).

Diagnosis
Many clinicians diagnose and treat superficial fungal infections based on clinical presenta-
tion alone. However, there are many infectious and noninfectious disorders that can mimic
fungal infections. Microscopic confirmation of a dermatophyte or yeast infection is quick
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and painless and can be reassuring to the patient and par-
ent. Proof of infection by fungal culture is recommended
when prolonged systemic antifungal therapy is considered,
especially with cases of tinea capitis and onychomycosis.

The Wood lamp has been used in dermatology since
1925. It emits long wavelength ultraviolet radiation and
can be helpful to the pediatrician for diagnosing a wide
variety of dermatologic conditions (Table 1), including
tinea capitis and pityriasis versicolor. However, in the
United States, a change in the epidemiology of tinea cap-
itis has rendered this technique nearly obsolete for diag-
nosing this disorder. Tinea capitis in North America is
caused predominately by Trichophyton sp and is an endo-
thrix infection. The spores (arthroconidia) exist within
the hair shaft in an endothrix infection and, therefore,
do not fluoresce under ultraviolet light.

Ectothrix infection (usually caused by Microsporum
sp), by contrast, has arthroconidia on the outer surface
of the hairs and fluoresces a brilliant green with a Wood
lamp examination.Microsporum is themost common cause
of tinea capitis in many parts of the world (Fig 1). Thus,
a hand-held Wood lamp will be useful to the pediatrician
practicing in Brazil, central and eastern Europe, Asia,
Africa, and Australia.

Favus, a rare chronic form of tinea capitis caused by T
schoenleinii, will fluoresce a pale green with examination
under a Wood lamp. Dermatophyte and Candida infec-
tions limited to the skin do not display fluorescence with
ultraviolet light. However, tinea cruris and Candida in-
tertrigo can be confused easily with erythrasma. Eryth-
rasma is a bacterial infection caused by Corynebacterium
minutissimum, which fluoresces a brilliant coral red when
examined with aWood lamp. This examination also can be
helpful in diagnosing pityriasis versicolor. The organism,
Malassezia furfur, produces a pale yellow to white fluores-
cence with a Wood lamp.

Microscopic confirmation of a fungal infection is ex-
tremely helpful in diagnosing suspected dermatophytosis,
pityriasis versicolor, and Candida infection. Superficial
scraping or clippings from skin, nails, subungual debris,
or hair can be prepared on a slide with potassium hydroxide
(KOH) for microscopic review. The KOH destroys the
squamous cells without affecting the fungal elements. Skin
scraping often is performed with a No. 15 scalpel blade in
adults; I prefer to use the edge of a glass slide in children.
A thin layer of material is placed on a glass slide and a cover-
slip is applied. A few drops of 10% to 20% KOH are applied
until the area under the coverslip is filled. Gentle heating of
the slide will accelerate the destruction of the squamous cells.

Gentle pressure applied to the coverslip prior to visu-
alization will help with layering of the fungal elements
and remove trapped air. Low-power visualization with
a dimmed condenser will reveal branching hyphae with
septations when there is a dermatophyte infection. The
KOH preparation in a patient with pityriasis versicolor
will reveal short hyphae and clusters of spores, often de-
scribed as a “spaghetti and meatballs” pattern.

Fungal culture is the gold standard technique for di-
agnosing dermatophytosis. Culture usually is unnecessary
except in cases of tinea capitis and onychomycosis. Pos-
itive results often take 7 to 14 days to develop, and the
test is expensive. The sample is placed in a fungal culture
media (eg, Sabouraud dextrose agar or Dermatophyte
Test Medium) that contain antimicrobials to prevent
the growth of saprophytic fungi and bacteria. Samples
in suspected tinea capitis are obtained most easily with
a tap water–moistened cotton swab rubbed vigorously
over the scalp. This technique has proved to be reliable
and is much more tolerable for a young child than the tra-
ditional hair plucking technique. (1) In suspected onycho-
mycosis, material should be obtained from nail clippings
and scraping under the nail.

Table 1. Conditions That Fluoresce With Wood Lamp Examination

Disorder Fluorescent Organism or Site Fluorescent Color

Tinea capitis Microsporum audouinii/canis Brilliant green
Favus Trichophyton schoenleinii Pale green
Pityriasis versicolor Malassezia furfur Pale yellow to white
Erythrasma Corynebacterium minutissimum Brilliant coral red
Tuberous sclerosis (ash leaf spot) Hypopigmented skin Pale white
Vitiligo Depigmented skin Bright white
Incontinentia pigmenti Atrophic streaks on skin Pale white
Congenital erythropoietic porphyria Teeth/urine Red-orange
Erythropoietic protoporphyria Erythrocytes Red
Porphyria cutanea tarda Urine Red
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Tinea Capitis
Epidemiology

Tinea capitis is the most common superficial fungal infec-
tion in North America. In the United States, disease prev-
alence among inner-city school-age children is 3% to 8%.
(2) This infection mainly affects young children (ages 3 to
9 years), although adults are known to be frequent asymp-
tomatic carriers of the dermatophyte. Tinea capitis is more
common with crowded living conditions and low socio-
economic and urban settings and in African American chil-
dren. The prevalence of this disease varies considerably
around the world (eg, <1% in Madrid and Palestine to
greater than 50% in Ethiopia, where Trichophyton viola-
ceum is endemic). (3)

In North America, the epidemiology of this disease
has changed dramatically in the past 50 years. Ectothrix
infections in the United States with M canis (zoophilic)

and M audouinii (anthropophilic) have essentially been
eradicated and replaced with the endothrix, anthropophilic
dermatophyte T tonsurans. Recent studies in the United
States and Canada show that tinea capitis is caused by Tri-
chophyton sp in more than 95% of cases, with T tonsurans
the most common species by far. A similar pattern has
been noted in Ireland and the United Kingdom.

The worldwide incidence of this disease has increased
in the past 30 years. Zoophilic organisms, particularly M
canis, continue to be a common cause of tinea capitis in
South America, central and eastern Europe, the Middle
East, Russia, China, and Australia. Only nine of the more
than 40 known dermatophyte species are responsible for
tinea capitis infections. Within a particular country or re-
gion, this disease is caused by only one, two, or three der-
matophyte species. Furthermore, species of Epidermophyton
(a common cause of tinea corporis) do not appear to infect
the hair shaft.

Figure 1.Worldwide epidemiology of tinea capitis. Solid color means that more than 90% of cases in that country are caused by the
indicated Trichophyton sp. Hatch marks without color indicate that more than 90% of cases in that country are caused by the
indicated Microsporum sp. Combination of color and hatch marks means that both Trichophyton and Microsporum spp are
significant causes of tinea capitis in that country. Data collected by a review of published articles (MEDLINE) since 1995.
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Local knowledge of the epidemiology of tinea capitis
will help pediatricians who are practicing in international
health locales (Fig 1). This knowledge is helpful because
the choice of systemic antifungal therapy may be different
between Trichophyton-predominant and Microsporum-
predominant regions.

Transmission
Tinea capitis is transmitted commonly by indirect contact
with fallen hair and epithelial cells. Direct head-to-head
transmission among children is thought to be consider-
ably less common. Transmission of dermatophytes from
hair brushes, combs, and shared hats also is common.
Trichophyton and Microsporum have been isolated from
barbershop instruments, combs, hair brushes, bedding,
clothing, furniture, theater seats, and towels. Co-sleeping
has been associated with the spread of tinea capitis. M
canis has been found to be transmitted to humans by
both dogs and cats. Rodent pets, especially guinea pigs,
may occasionally transmit M canis to humans.

Stray cats are thought to be the most important reser-
voir for M canis infection in urban environments outside
of North America. For example, a 2004 Italian study
found that 10% of dogs and 28% of cats with a skin con-
dition were infected with a dermatophyte (M canis was
the most common isolate in both animal groups). (4)
Farmers have a unique exposure to T verrucosum (zoophilic,
from cattle) and M gypseum (geophilic), both of which can
cause tinea capitis.

The presence of asymptomatic carriage among family
members is common and of unclear significance. A study
done in South London that screened household contacts

of patients with tinea capitis caused by T tonsurans found
that 44% had asymptomatic carriage of the dermato-
phyte. (5) Current guidelines do not recommend the
routine screening of family members for the presence
of dermatophyte carriage.

Clinical Presentation
Tinea capitis can present with a wide variety of clinical
patterns (Table 2; Figs 2–6). An individual may have
one, a few, or many of the following features: alopecia,
scale, erythema, pustules, “black dots,” tenderness, pru-
ritus, and lymphadenopathy (suboccipital or cervical).
Because of the variability of these features, the differential
diagnosis of tinea capitis is broad and case specific.

Two US studies have examined the frequency of clin-
ical symptoms and signs in symptomatic children with
culture-proved tinea capitis (Table 3). The table shows
the prevalence of symptoms or signs in culture-positive
groups. Both studies were convenience samples of outpa-
tient children with suspected tinea capitis.

Hubbard (6) found that the presence of occipital or
posterior auricular lymphadenopathy was predictive of
culture-proved T tonsurans infection (positive likelihood
ratio ¼ 7.5). In this study, all children with adenopathy
and alopecia (100%) and nearly all children with adenop-
athy and scaling (97%) had cultures confirming T tonsur-
ans infection. Conversely, no child without adenopathy
and scaling (0%) and only one child without adenopathy
and alopecia (6%) had cultures positive for dermatophy-
tosis. Hubbard concluded that posterior auricular aden-
opathy in combination with pruritus, scaling, or alopecia
was highly predictive of culture-proved tinea capitis.

Table 2. Clinical Patterns Associated With Tinea Capitis

Clinical Pattern Description Differential Diagnosis

“Black dot” Well-demarcated alopecia with “black dots” (hairs
broken off close to scalp with T tonsurans
infection)

Alopecia areata, trichotillomania
Note: “exclamation point” hairs and nail pitting
suggest alopecia areata.

“Gray patch” Patchy and scaly alopecia with or without erythema Seborrheic dermatitis, atopic dermatitis, contact
dermatitis, psoriasis, traction alopecia, systemic
lupus erythematosus

Diffuse scale Widespread scaling of scalp with or without
erythema

Seborrheic dermatitis, atopic dermatitis, contact
dermatitis, psoriasis, pityriasis amiantacea

Diffuse
pustular

Scattered pustules with scale, alopecia, and
lymphadenopathy

Bacterial folliculitis, sterile folliculitis (associated
with hair oils)

Kerion Dramatic boggy, erythematous, tender plaque with
pustules and lymphadenopathy

Pyoderma, neoplasia, pyoderma gangrenosum
(uncommon in children)

Favus Dramatic yellow cup-shaped crusts around the hair Psoriasis, pityriasis amiantacea

Table adapted from Higgins et al. (9).
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Figure 2. Tinea capitis characterized by gray, patchy scaling
with alopecia. Lesion was noted after a haircut. (Reprinted from
Shy R. Tinea corporis and capitis. Pediatr Rev. 2007;28:169.
� American Academy of Pediatrics.)

Figure 3. Tinea capitis, showing diffuse flaking and scale that
resembles seborrhea. (Reprinted from Shy R. Tinea corporis
and capitis. Pediatr Rev. 2007;28:169. � American Academy of
Pediatrics.)

Figure 4. Tinea capitis, showing black dots from broken hairs
in area of hair loss. (Reprinted from Shy R. Tinea corporis and
capitis. Pediatr Rev. 2007;28:169. � American Academy of
Pediatrics.)

Figure 5. Tinea capitis that was resistant to high-dose
griseofulvin after 6 weeks of treatment. Some of the smaller
lesions are new. Culture grew T tonsurans. (Reprinted from
Shy R. Tinea corporis and capitis. Pediatr Rev. 2007;28:170. �
American Academy of Pediatrics.)
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Lorch Dauk et al (2) also found that of the symptoms
and signs they studied, occipital adenopathy was the most
predictive of culture-proved tinea capitis (positive predic-
tive value ¼ 84%). This study included children with ker-
ion, who are known to have a high false-negative rate for
culture-proved disease. Both Hubbard (6) and Lorch
Dauk et al (2) concluded that prescribing empiric therapy
for tinea capitis was a reasonable approach in an urban
setting when presented with a child demonstrating scal-
ing, alopecia, or pruritus associated with adenopathy (oc-
cipital or posterior auricular).

In a 2005 study of 300 nonselected and largely asymp-
tomatic children, Williams et al (7) found that both lymph-
adenopathy and scalp scaling are common (53% and 22%,
respectively) in the pediatric population. Of the 38 children
with both scalp scaling and head or neck lymphadenopathy,
only four (11%) had culture-proved dermatophyte infec-
tion. Seborrheic dermatitis and atopic dermatitis were the
most frequent diagnoses associated with scalp scaling and
head/neck lymphadenopathy in this study. The authors
conclude that scaling of the scalp and head/neck lymphade-
nopathy are not specific for tinea capitis in the general (and
mostly asymptomatic) pediatric population. However, how
this information should be applied to the child who presents
to the physician with scalp complaints associated with scal-
ing and significant posterior lymphadenopathy is unclear.

Many authors argue that in all cases of suspected tinea
capitis, the presence of a dermatophyte should be con-
firmed by microscopy or culture before starting a pro-
longed course of systemic therapy. (8)(9)(10) A sample
for a KOH preparation can be obtained from a coopera-
tive child using a blunt scalpel or edge of a glass slide.
Wiping the area with an alcohol swab may help the ma-
terial adhere to the scalpel or slide. Alternatively, a tooth-
brush can be used to collect scale and involved hair.

In the United States, one would expect to find spores
(arthroconidia) within the hair shaft typical of T tonsurans

infection. Microscopy is the quickest and most inex-
pensive way to confirm the presence of a dermatophyte.
However, KOH preps have a high false-negative rate when
performed by inexperienced examiners. As mentioned,
culturing the scalp can be done with a moist cotton swab.
Culture is more sensitive than a KOH prep and less time
intensive for the pediatrician, and it does not require the
use of an office microscope. However, false-negative cul-
tures do occur, particularly in the setting of a kerion. The
culture may take several weeks to become positive and
can be costly ($60–$100). (2)

There appears to be no clear standard of care in the
United States regarding the diagnosis of tinea capitis.
A young child presenting with pruritus, scale, or alopecia
of the scalp associated with occipital or posterior auricular
adenopathy can be treated reasonably with empiric therapy
for tinea capitis.With no adenopathy, a dermatophyte infec-
tion is less likely and a confirmatory test is prudent before
starting therapy. Similarly, when faced with an empiric treat-
ment failure, a fungal culture should be obtained to identify
the presence of a dermatophyte and the specific species.

Treatment of Tinea Capitis
Tinea capitis requires systemic antifungal therapy for ef-
fective treatment because the dermatophyte is found at
the hair follicle root and is not accessible by topical treat-
ments. However, adjunctive topical therapy can decrease
transmissibility and improve the mycologic cure rate; see
table 4 for dosing of systemic and adjunctive topical ther-
apies. For more than 50 years, griseofulvin has been the
treatment of choice for tinea capitis worldwide. This drug
has proved to be safe, effective, and relatively well toler-
ated by children. The availability of griseofulvin has been
a major factor in the dramatic reduction of zoophilic der-
matophytosis (Microsporum sp) found in North America.
However, its effectiveness against anthropophilic organ-
isms, in particular T tonsurans, has waned in recent years.

Table 3. Frequency of Symptoms and Signs in Patients With Culture-
Proved Tinea Capitis

Symptom/Sign Culture-positive* Culture-positive†

Scaling 97% 91%
Alopecia 90% 75%
Pruritus 81% 71%
Occipital/posterior auricular lymphadenopathy 90% 0%
Occipital lymphadenopathy 0% 27%
Kerion 0% 18%

* Hubbard 1999 (6)
† Lorch Dauk et al 2010 (2)
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This resistance and the need for a prolonged course of
therapy have prompted significant interest in alternative,
shorter-course treatment options for tinea capitis. Cur-
rently, two systemic antifungal agents have been approved
by the Food and Drug Administration (FDA) for the
treatment of tinea capitis in children: griseofulvin and ter-
binafine. In addition, there is considerable evidence that
itraconazole and fluconazole are effective and safe thera-
peutic options for children with tinea capitis.

Griseofulvin
Griseofulvin was first isolated from the mold Penicillium
griseofulvin in 1939. The first successful treatment of a su-
perficial fungal infection by griseofulvin in humans was
reported in 1958. The drug is active against all common
dermatophytes, including Trichophyton, Microsporum, and
Epidermophyton spp. Griseofulvin has no effect on bacteria,
Candida, M furfur, Aspergillus, and other fungi.

Griseofulvin is fungicidal in vitro, but its clinical effect in
children and adults with dermatophytosis is fungistatic.
This finding is explained by the fact that griseofulvin cannot
diffuse into the stratum corneum or hair follicle. Rather, it
is absorbed into the keratin precursor cells and prevents
the growth of dermatophytes as these cells migrate to-
ward the surface of the skin. Thus, the infection cannot
be eradicated until the dermatophyte-infected keratin
layers have grown out.

Griseofulvin is a mitotic inhibitor and interferes with
nucleic acid, protein, and cell well synthesis of replicating
dermatophyte cells. There is evidence also that griseoful-
vin has an anti-inflammatory effect, (11) which is unique
among the systemic antifungal agents. Dermatophyte re-
sistance to griseofulvin has been demonstrated, but its
frequency and clinical significance are unclear.

Recent treatment failures and concerns about increas-
ing resistance (especially in T tonsurans infection) have
lead most experts to recommend higher doses of griseo-
fulvin (20 to 25 mg/kg/d vs 11 mg/kg/d) and longer
treatment courses (6 to 12 weeks vs 4 to 6 weeks) than in
the past. In general,Microsporum infections require a lon-
ger treatment course for clinical and mycologic cure than
do Trichophyton infections. This difference in course ap-
plies to the use of all systemic antifungal agents. Many
authors recommend that treatment be continued until my-
cologic cure is proved. This approach is an expensive and
inefficient approach. A more practical approach is to con-
tinue griseofulvin therapy for 2 weeks after the symptoms
and signs of tinea capitis have resolved. (12) This strategy
is endorsed by the American Academy of Pediatrics (AAP).

Griseofulvin is not soluble in water and is poorly and
variably absorbed from the gastrointestinal tract. Taking

the medication with a high-fat meal (eg, whole milk, pea-
nut butter) can significantly improve absorption and dou-
ble peak serum levels. (11) Absorption is also enhanced
by microsizing the formulation, creating microcrystalline
griseofulvin, which is available in a suspension for accurate
dosing in children. An ultracrystalline formulation in-
creases absorption further and therefore requires a
smaller total dose (10 to 15 mg/kg/d). However, this
formulation is not available as a suspension, limiting its
use in children. All formulations of griseofulvin are given
as a once-daily dose. When prescribed at the recommen-
ded higher doses and longer courses, griseofulvin contin-
ues to be effective for tinea capitis. A recent extensive
review quoted mycologic cure rates of 80% to 95% and
effective therapy rates of 88% to 100% for griseofulvin.
(12) The effective cure rate for griseofulvin, defined as a
“negative culture – negative KOH preparation and few re-
maining visual signs of infection,” was found to be 73.4%
in a recent meta-analysis of seven studies. (12) Impor-
tantly, in this study, griseofulvin had a higher effective cure
rate when used to treat Microsporum (88.1%) versus Tri-
chophyton (67.9%) infections.

Griseofulvin is a safe medication even when prescribed
for extended periods of time. Adverse effects generally are
mild but not uncommon and include nausea, headache
(up to 15%), urticaria, and other rashes. Typically, adverse
effects are not severe enough to require discontinuation of
the therapy. Life-threatening effects are extremely rare but
include Stevens-Johnson syndrome, toxic epidermal nec-
rolysis, and fatal hepatotoxicity. Griseofulvin can induce
photosensitivity and photodermatitis.

Griseofulvin is contraindicated in pregnancy and in pa-
tients who have hepatocellular failure or porphyria. Po-
tential for cross-sensitivity exists in patients who have
demonstrated hypersensitivity to penicillin. Griseofulvin
may decrease the effectiveness of oral contraceptives. In
addition, the manufacturer recommends that women
wait at least 1month after griseofulvin therapy before be-
coming pregnant. Men should wait 6 months after com-
pleting therapy before fathering a child.

Baseline laboratory tests are unnecessary in children or
adults who do not have a history of or evidence of liver dis-
ease. The manufacturer recommends “periodic hemato-
logic, hepatic, and renal function tests . in patients on
long-term therapy.” If griseofulvin treatment is required
for longer than 8 weeks, laboratory testing with a complete
blood count and levels of liver transaminases, bilirubin,
blood urea nitrogen, and creatinine is recommended. Ther-
apy should be discontinued if evidence of drug toxicity is
found. Griseofulvin is FDA-approved for the treatment of
dermatophytoses in children (2 years and older) and adults.
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Terbinafine
In 2007, terbinafine became the second FDA-approved
drug to treat tinea capitis in children. The drug is an allyl-
amine whose antifungal effect is due to inhibition of squa-
lene epoxidase. This effect leads to decreased synthesis of
ergosterol in fungal cell membranes (fungistatic effect) and
accumulation of squalene (fungicidal effect). Terbinafine is
fungicidal against both Trichophyton and Microsporum spp
in vitro. It is highly lipophilic and accumulates in both fat
and skin. Terbinafine remains in the stratum corneum
above inhibitory levels for 2 months after discontinuation
of the drug. The drug is metabolized in the liver and ex-
creted largely in the urine. It can be given once daily.

There is good evidence that terbinafine is at least as
effective as griseofulvin for tinea capitis caused by T ton-
surans. A recent large multicenter international trial
showed better clinical (63% vs 55%) and mycologic
(62% vs 47%) cure rates with terbinafine vs griseofulvin
in children in the United States. (13) However, the dose
of griseofulvin used in these studies was less than standard
dose used today in the United States. By contrast, effec-
tive cure rates are higher for griseofulvin vs terbinafine in
children with tinea capitis caused by Microsporum spp.
Thus, griseofulvin is considered the first-line systemic
therapy for tinea capitis caused by Microsporum spp.

Terbinafine, overall, appears to be a very safe drug.
A history of allergic reaction to terbinafine is the only con-
traindication. It is not recommended in patients with chronic
or active liver disease. Pretreatment testing of liver transa-
minases is recommended for all patients. Common adverse
effects are nasopharyngitis (10%), headache (7% to 12%),
vomiting (5%), and rash (6%). Rare but serious effects in-
clude liver failure (1 in 120,000), severe and prolonged dis-
turbance of taste or smell, depression, Stevens-Johnson
syndrome, exacerbation of systemic lupus erythematosus,
and deceased absolute lymphocyte count. Terbinafine can
increase the serum levels of tricyclic antidepressants, selec-
tive serotonin reuptake inhibitors, and b-blockers.

Terbinafine is approved for the treatment of tinea cap-
itis in children 4 years and older. It is dispensed in indi-
vidual packets containing 125 mg or 187.5 mg oral
granules. The parent should sprinkle the entire content
of the packet on a spoonful of nonacidic soft food such
as pudding, mashed potatoes, or ice cream. Applesauce
or fruit-based foods should not be used. The child should
swallow the spoonful without chewing. Recommended
length of treatment is 6 weeks. Longer courses may be
required with Microsporum infections. A complete blood
count with differential should be checked during treat-
ment courses longer than 6 weeks.

Fluconazole
Fluconazole is a broad-spectrum triazole fungistatic agent
that inhibits the production of ergosterol in fungi. The drug
is not approved by the FDA for use in patients with derma-
tophytosis. It is, however, approved for use in children with
systemic fungal infection (eg,Candida sp andCryptococcus).

A number of small studies have demonstrated that flu-
conazole is effective in the treatment of tinea capitis.
Gupta et al found that 2 to 3 weeks of daily fluconazole
(6 mg/kg) in children resulted in high clinical and myco-
logic cure rates at a 12 week follow-up visit (90% and 86%
respectively). (8) Similarly, Gupta and his colleagues found
that once weekly fluconazole (8mg/kg) administered for 8
to 16 weeks produced complete cure (mycologic and clin-
ical) in 98% of children with tinea capitis. In the subgroup
with T tonsurans infection, all were cured at 8 weeks. (14)

A study conducted in Iran found that children with
tinea capitis caused by Trichophyton or Microsporum in-
fection had identical cure rates when treated with daily
fluconazole (5 mg/kg) for 4 weeks versus griseofulvin
(15 mg/kg/d) for 6 weeks. At 8 weeks, cure rates were
76% and 78%, respectively. (15) A large multicenter ran-
domized controlled trial found that treatment of tinea
capitis with 6 weeks of fluconazole 6 mg/kg/d or low-
dose griseofulvin (11 mg/kg/d) produced comparable,
but low, clinical and mycologic cure rates (successful
treatment 54% vs 57% at week 10). (16)

Fluconazole, in contrast to other azole antifungals, is
very water soluble and, therefore, has excellent bioavail-
ability when taken orally. Fluconazole use is contraindi-
cated in combination with astemizole and terfenadine,
both of which have been removed from the US market
due to severe adverse effects. The drug is not recommen-
ded in patients with liver disease or renal dysfunction or in
combination with erythromycin. The FDA considers flu-
conazole a pregnancy category D medication except for
single low-dose therapy for vaginal candidiasis (category
C). Adverse effects are less common with fluconazole than
with the other systemic antifungals: nausea (4%), vomiting
(2%), abdominal pain (2%), diarrhea (2%), headache (2%),
and rash (2%). Rare but serious reactions include hepatic
failure, anaphylaxis, torsade de pointes, QT prolongation,
seizures, exfoliative dermatitis, and agranulocytosis.

The major drawback of fluconazole is its potential
for drug interactions with many different medications.
Commonly used pediatric medications that may interact
with fluconazole are alprazolam, amitriptyline, chloral
hydrate, cimetidine, citalopram, clarithromycin, and er-
gotamine. Fluconazole is available in both tablets and
oral solution. Pretreatment testing of complete blood
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count, renal function, and liver function is suggested by
some authors.

Itraconazole
Itraconazole, like fluconazole, is a triazole and exerts its
fungistatic effect by inducing ergosterol deficiency. The
drug has an extremely broad spectrum of activity against
fungi, including Aspergillus and dermatophytes. It is not
FDA approved for any indication in children. However,
a few studies have shown that itraconazole is as efficacious
as terbinafine and griseofulvin in children with tinea capitis.
It is contraindicated in patients with congestive heart failure.
As with fluconazole, there are many drug-drug interactions
with itraconazole. Pretreatment liver function tests should
be ordered for all patients. Mild adverse effects are similar
to, but more frequent than, adverse effects reported with flu-
conazole. Rare but serious and life-threatening reactions can
occur. Itraconazole is available as capsules or oral solution.

Ketoconazole
Ketoconazole is an imidazole having mainly fungistatic
activity against Trichophyton sp. The drug is ineffective
againstMicrosporum. It has been studied in children with
tinea capitis and its effectiveness is comparable to griseo-
fulvin in children with infections caused by T tonsurans.
However, the risk of hepatotoxicity is unacceptably high
with long-term use in children for this indication, given
the availability of less toxic and more efficacious alterna-
tive medications. Systemic ketoconazole should not be
used to treat children with tinea capitis. However, keto-
conazole shampoo is a useful and safe adjunct treatment
for children with tinea capitis.

Infection Control and Adjunctive Therapy
Topical agents alone are not adequate for the treatment
of tinea capitis. However, sporicidal shampoos have been
found to reduce the carriage of viable spores and may re-
duce the risk of transmission in the early stages of systemic
therapy. (9) Topical therapy also may shorten and improve
themycologic cure rate in conjunction with oral agents. Se-
lenium sulfide (1% and 2.5%) and ketoconazole (2%) are
the best studied shampoos for this indication. There is
no proven advantage of the prescription strength (2.5%) se-
lenium sulfide over the 1% formulation, which is available
over-the-counter.

A recent study of children in the United States found
ciclopirox shampoo 1% to be as effective as selenium sulfide
when used to treat tinea capitis along with oral griseofulvin.
Other experts have recommended zinc pyrithione (1% and
2%) and povidone-iodine (2.5%) shampoo. Sporicidal
shampoos may aid also in the physical removal of adherent

infected scales from the scalp. All shampoos should be ap-
plied for 5 minutes 2 or 3 times weekly for 2 to 4 weeks.

Virtually all experts and practice guidelines recom-
mend allowing children with tinea capitis to return to
school once they have started appropriate systemic and
topical treatment. However, children should not be al-
lowed to share headgear (eg, baseball helmets) or partic-
ipate in sports with scalp-to-scalp contact (eg, wrestling)
until they are cured. Personal items (eg, combs, brushes,
scissors, hats) should be disinfected with bleach. Bedding
(pillow cases, sheets) should be washed in hot water with
or without bleach. In the rare child in the United States
who had M canis infection, the family pet (cat, dog,
guinea pig) is the likely source of the infection and should
be evaluated by a veterinarian. Anthropophilic species
such as T tonsurans are more contagious than zoophilic
species. A US study found that over 30% of households
that had a child with tinea capitis had at least one asymp-
tomatic carrier of the dermatophyte. Because of this, the
AAP recommends that household contacts should be
examined for evidence of tinea capitis. (17) The British As-
sociation of Dermatologists recommends that close con-
tacts of patients with T tonsurans should be screened for
evidence of tinea capitis and tinea corporis and “appropri-
ate mycologic samples taken. even in the absence of clin-
ical signs.”(9) This is a time-intensive and very costly
strategy of unproven effectiveness in controlling infection.
A reasonable approach endorsed by many experts is to
treat all close personal contacts of a child with tinea capitis
with a sporicidal shampoo for several weeks.

Complications
Kerion celsi (kerion) is a highly inflammatory form of
tinea capitis that can lead to scarring and permanent hair
loss if not treated aggressively (Fig 6). Kerion often is
confused with pyoderma because it is tender, erythema-
tous, and associated with pus. However, it is rare for bac-
terial infections to cause alopecia. Hairs plucked from
a kerion are painless; this is not true with pyoderma. Cul-
turing the kerion for bacteria is unnecessary, as are sys-
temic antibacterial medications.

The treatment of choice for a kerion remains griseo-
fulvin, regardless of the dermatophyte species causing
the infection. Griseofulvin has anti-inflammatory proper-
ties and this property may help the kerion to heal sooner
than when treated with other systemic antifungal agents.
Expert opinion on the use of systemic corticosteroids for
kerion is mixed. Despite the lack of compelling evidence,
many advocate for the use of prednisone (1 to 2mg/kg/d)
for 1 or 2 weeks in addition to griseofulvin and adjuvant
topical therapy in patients with kerion.
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Tinea capitis and, rarely, tinea corporis may be associated
with a papular hypersensitivity dermatitis (dermatophytid
reaction, or “id” reaction). These papules or vesicles, hav-
ing varying degrees of inflammation, may be pruritic. The
lesions are seen on the face, trunk, and extremities of chil-
dren with tinea capitis at the time of the diagnosis or,
more commonly, after initiation of systemic therapy.
The lesions characteristically will be concentrated along
the hairline and may be found in an atopic dermatitis–like
distribution. This rash is a manifestation of an immune
response and is not a drug reaction. Oral antifungal treat-
ment should be continued and topical corticosteroids or
systemic antihistamines are used as needed.

Tinea Corporis
Dermatophyte infection of glabrous (nonhairy) skin of
the face, trunk, and extremities is known as tinea corporis
ringworm). The hyperkeratized skin of hands (tinea man-
uum) and feet (tinea pedis), despite involving nonhairy
areas, have different clinical presentations, epidemiology,
and treatment recommendations from tinea corporis in-
fections. T rubrum (anthropophilic) is the most common
cause of dermatophytosis worldwide and the most com-
mon cause of tinea corporis in North America. T menta-
grophytes, Epidermophyton floccosum (both anthropophilic
species), and the zoophilic species M canis are other
causes of tinea corporis in the United States and Mexico.
Geophilic species (eg, M gypseum) are extremely rare
causes of tinea corporis in North America (<1%).

Anthropophilic infections are transmitted person-to-
person, and children often become infected by spores
shed by a household contact (typically an adult with tinea

pedis or onychomycosis). Skin-to-skin contact among
young children and older children participating in sports
(tinea corporis gladiatorum) are other common sources
of this infection. In the United States, tinea corporis
caused by M canis is transmitted to children by domestic
animals (kittens and puppies).

In its classic form, tinea corporis is diagnosed easily by
history and physical examination alone. The classic pre-
sentation is the subacute onset of a single (or few) well-
demarcated annular erythematous pruritic plaque(s) with
a raised border and central clearing (Fig 7). The border
can be papular, vesicular, or pustular. Children with this
presentation can be managed appropriately by empiric
therapy with a topical antifungal medication. However,
the presentation in clinical practice can be variable.

A study of the clinical signs and symptoms associated
with tinea corporis found that scaling, erythema, pruritus,
central clearing, and concentric rings, when measured in-
dependently, were neither sensitive nor specific for der-
matophytosis. (18) Furthermore, when multiple plaques
are present, they coalesce often into unusual, polycyclic
patterns. Underlying immunodeficiency can lead to exten-
sive and severe presentations of tinea corporis that are dif-
ficult to treat with topical therapy alone.

Finally, prescription and over-the-counter topical
therapy prior to presentation to the physician can alter
the appearance of tinea infections dramatically (this result
is known as “tinea incognito” and is most often found
when there has been topical corticosteroid use). Re-
cently, tinea incognito has been described with the use
of topical calcineurin inhibitors (pimecrolimus and

Figure 6. Kerion with boggy lesion, multiple pustules, and hair
loss. (Reprinted from Shy R. Tinea corporis and capitis. Pediatr
Rev. 2007;28:171. � American Academy of Pediatrics.)

Figure 7. Tinea corporis on body and tinea facie. Note the
erythematous border and scaling. (Reprinted from Shy R.
Tinea corporis and capitis. Pediatr Rev. 2007;28:166. �
American Academy of Pediatrics.)
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tacrolimus). Both classes of medication are used to treat
children with atopic dermatitis, and parents may use them
inadvertently to treat tinea corporis. For all these reasons,
the pediatrician should maintain a low threshold for test-
ing annular scaly skin lesions with a KOH preparation for
microscopy. It is interesting to note that, despite the lack
of inflammation with tinea incognito, the yield on finding
hyphae with microscopy is extremely high.

Many other skin conditions can mimic tinea corporis
(Table 5). The “herald patch” of pityriasis rosea can ap-
pear identical to the classic description of tinea corporis
(Fig 8). The herald patch occurs most commonly on
the trunk, proximal extremities, or neck and rarely is
itchy. Within 1 to 3 weeks, a generalized eruption occurs
with smaller papules and plaques (both surrounded by
a “collarette of scale”) on the trunk and proximal extrem-
ities. The ovoid lesions follow the lines of skin cleavage,
producing a “Christmas tree” pattern on the back. Pity-
riasis rosea is common in school-age children, adoles-
cents, and young adults. A skin surface scraping and
KOH preparation for microscopy can reliably distinguish
the herald patch from tinea corporis.

Granuloma annulare is another relatively common
skin disorder that can present very similarly to tinea cor-
poris and occurs in both adults and children (Fig 9). The
classic presentation is the subacute onset of an annular,
nonscaly, nonpruritic, smooth, flesh-colored plaque on
the dorsum of the hands or feet (although it can occur
anywhere on the body). Approximately 85% of patients
present with a single lesion. Disseminated granuloma an-
nulare (more than 10 lesions) occurs in 15% of patients
and usually in patients younger than 10 or older than
40 years. The lesions slowly enlarge peripherally and of-
ten develop “central clearing” and a raised, mildly ery-
thematous border similar to tinea corporis.

The key to distinguishing granuloma annulare from
tinea corporis is that there are no epidermal changes with
a granuloma annulare lesion. In fact, histologically the
epidermis is normal in this disorder. The inflammatory
process is in the dermis. There is no scale, vesicles, or pus-
tules with granuloma annulare. A skin scraping will reveal
no hyphae with a KOH-prepared slide under microscopy.
The cause is unknown and treatment generally is unneces-
sary because granuloma annulare is a self-limited disorder.

Tinea facei is a variant of tinea corporis that occurs on
the nonhairy areas of the face. The clinical appearance can
be subtle, and treatment may require a longer course than
tinea corporis. Tinea cruris usually occurs in adolescent
males and young men. The eruption usually is bilateral,
spares the scrotum and penis, and commonly is pruritic.
Tinea cruris can be confused with Candida intertrigo,

whose characteristics include scrotal involvement and
satellite lesions, as well as erythrasma. KOH preparation
for microscopy and a Wood lamp examination can help
distinguish among these entities. Treatment of tinea cru-
ris is similar to that for tinea corporis.

Tinea pedis is most common in adolescents and young
adults but can occur in children. There are several clinical
variants of tinea pedis. The intertriginous type presents
with inflammation and maceration of the lateral toe webs.
Vesicular tinea pedis shows inflammation, vesicles, or bullae.
Moccasin-type tinea pedis presents with diffuse plantar hy-
perkeratosis, erythema, scaling, and fissuring. This variant
can be confused easily with psoriasis or juvenile plantar der-
matosis. Rarely, erythrasma or secondary syphilis can have
a similar appearance. KOH preparation for microscopy
confirms the diagnosis in all variants. Moccasin-type
tinea pedis can be very resistant to topical therapy; systemic
therapy (similar to that for tinea capitis) may be required.

Tinea manuum is uncommon in childhood, usually oc-
curs in association with tinea pedis, and is unilateral (“two-
foot, one-hand syndrome”). Hyperkeratosis of the palmwith
scale is typical and treatment is the same as for tinea pedis.

Topical antifungal agents are the treatment of choice
for tinea corporis, tinea facei, tinea manuum, tinea pedis,
and tinea cruris. There are many available antifungal
medications used to treat dermatophytoses. The cream
should be applied to the affected area and to at least
2 cm of surrounding normal skin. Treatment should be
continued for at least 1 week after clinical cure. Treat-
ment of tinea pedis and manuum generally requires a lon-
ger treatment course than tinea corporis or cruris.

For decades, the mainstay of topical therapy for der-
matophytoses has been the imidazoles. This is a group
of fungistatic, safe, effective, and (mostly) inexpensive
topical drugs that can be curative for most dermatophy-
toses in 2 to 6 weeks. They have broad antifungal activity
against dermatophytes, Malassezia, Candida, and Gram-
positive bacteria. A few agents in this class are formulated
for once-daily application (Table 6).

The allylamines and benzylamines are newer, fungi-
cidal antifungal agents that have excellent activity against
dermatophytes and molds and moderate activity against
Candida. Naftifine and terbinafine appear to have addi-
tional intrinsic anti-inflammatory activity. These agents
and butenafine can be applied topically once daily with
higher cure rates and reduced treatment courses, com-
pared to the azoles. It should be noted that nystatin is in-
effective against dermatophytes. Topical antifungal agents
in combination with corticosteroids are not recommended
because these preparations are less effective and have
higher risk of side effects.
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Table 5. Disorders That Mimic Tinea Corporis

Disorder Classic Presentation
Distinguishing Characteristics (From Tinea
Corporis)

Pityriasis rosea Adolescent with single annular nonpruritic
plaque on neck, trunk, proximal extremities.
Papulosquamous eruption follows in 1–3 wk
on trunk and proximal extremities.

“Herald patch” is rarely itchy. Papules and
plaques have a “collarette of scale.”
Exanthem follows the lines of cleavage and
produces a “Christmas tree” pattern on
back. Potassium hydroxide (KOH)-prep is
negative for fungi.

Granuloma annulare Child with one or more annular flesh-colored,
pink or reddish nonpruritic, smooth, nonscaly
plaque(s) on dorsum of hand or foot.

No surface changes (ie, no scale, vesicles, or
pustules). Mild erythema can be present.
KOH-prep is negative for fungi and skin
biopsy shows dermal inflammation.

Fixed drug eruption Localized, well-demarcated, dusky erythematous
round or oval plaque with or without bullae.
Triggered by sulfa drugs, acetaminophen,
ibuprofen, and some antibiotics.

History of prescription or over-the-counter
medication use. Recurs in same location
with repeat exposure to drug. Starts as
single lesion. With recurrence may develop
new lesions and increased size. Residual
hyperpigmentation is common. KOH-prep is
negative for fungi.

Psoriasis Lesions begin as small, red papules with fine
scale that coalesce to form annular,
erythematous, well-demarcated plaques with
gray or silver scale. Can be solitary or many
plaques. Center of plaque may involute and
produce central clearing, mimicking tinea
corporis.

Psoriasis is suggested by the Auspitz sign
(punctuate bleeding with removal of scale),
Koebner phenomenon (local flare of
psoriasis in response to trauma such as
a scrape), geographic tongue, nail pitting.
70% of children who have psoriasis have
a family history of psoriasis. Psoriatic
arthritis and uveitis are rare in children.
KOH-prep is negative for fungi.

Nummular eczema Discrete, annular, erythematous, pruritic plaque(s)
with or without lichenification and
hyperpigmentation (Fig 10). Extensor surfaces
of extremities are most common sites.

No central clearing. No “active” border. Very
itchy. Associated xerosis. KOH-prep is
negative for fungi. Do not treat with high-
potency corticosteroid until tinea corporis
ruled out.

Erythema migrans Flat, erythematous, rapidly expanding (days),
asymptomatic patch in patient who lives in or
recently visited a Lyme-endemic area. Classic
“bull’s eye” rash. History of tick bite is not
typical.

Usually not palpable. No scale. No pruritus.
Only with exposure to Lyme-endemic
regions (Mid-Atlantic, Northeast, Great
Lakes). KOH-prep is negative for fungi.
Known Ixodes tick bite greatly increases
likelihood of erythema migrans rash. Lyme
titers NOT helpful.

Erythema marginatum Annular, rapidly expanding (hours), evanescent,
pink, nonpruritic rash with serpiginous,
slightly raised border. Most often on trunk,
especially abdomen.

Rapid expansion and evanescent nature of this
rash are incompatible with tinea corporis.
No scale. Characteristic of acute rheumatic
fever in children (<10%). Uncommon in
adults. Also associated with hereditary
angioedema.

Discoid lupus
erythematosus

Well-demarcated, indurated, red-to-purplish
plaques with adherent scale and fine
telangiectasia. Most common on the head or
face of postpubertal girls. Often associated
with scarring and requires consultation with
a dermatologist.

Serology (antinuclear antibody) may be
normal and systemic symptoms of systemic
lupus erythematosus may be absent. Purple
lesions and telangiectasias not consistent
with tinea corporis or tinea facei. KOH-prep
negative for fungi.
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Pityriasis Versicolor
Pityriasis versicolor (formerly tinea versicolor) is a com-
mon superficial fungal infection caused by the yeast form
ofM furfur, a dimorphic fungus that is part of the normal
cutaneous flora. The condition is characterized by multi-
ple, oval, hypopigmented or hyperpigmented, thin pla-
ques with scale and macules distributed over the trunk,
proximal arms, and, less commonly, the neck and face.
This rash is most common in adolescents and young
adults, but it does occur in prepubertal children, in whom
facial involvement is common.

Patients often present in the summer when the lesions fail
to tan and the condition becomes more apparent. The

prevalence of this disorder is as high as 40% (in adults) in trop-
ical climates. Temperate regions have a significantly lower pre-
valence (1% to 4%) in adults. Pityriasis versicolor usually is
asymptomatic; however, mild pruritus sometimes is noted.

Pityriasis versicolor can be confused with postinflamma-
tory hypopigmentation, vitiligo, pityriasis alba, tinea corpo-
ris, seborrheic dermatitis, or pityriasis rosea. Vitiligo presents
with completely depigmented macules or patches without
scale. A Wood lamp can help distinguish these two condi-
tions because pityriasis versicolor will fluoresce pale yellow
and vitiligo will fluoresce a bright white. Pityriasis alba occurs
in atopic patients, presents with hypopigmentedmacules and
patches without scale, and is usually limited to the face. In
clinical practice, pityriasis versicolor usually is diagnosed by
clinical features alone. However, a KOH preparation for mi-
croscopy is confirmatory and reveals short hyphae and grape-
like clusters of spores (“spaghetti andmeatball” appearance).

There are several effective topical and systemic thera-
pies for pityriasis versicolor. However, the pigmentary
changes may take months or years to resolve completely,
and recurrences are common (as high as 60% in the first
year after treatment). A detailed systematic review of inter-
ventions for pityriasis versicolor was published in 2010.
(19) The authors concluded that most topical treatments
are effective and well tolerated and that, overall, longer
duration of treatment and higher concentrations of the
topical antifungal agents increased cure rates.

Selenium sulfide 2.5% shampoo or lotion, applied daily
for 10 minutes prior to rinsing, for a 1- to 2-week course
is effective and inexpensive. However, this agent is more
likely than other topical agents to cause drying of the skin

Figure 8. Herald patch of pityriasis rosea on neck. (Reprinted
from Shy R. Tinea corporis and capitis. Pediatr Rev.
2007;28:168. � American Academy of Pediatrics.)

Figure 9. Granuloma annulare. Note the lack of scaling.
(Reprinted from Shy R. Tinea corporis and capitis. Pediatr Rev.
2007;28:167. � American Academy of Pediatrics.)

Figure 10. Nummular eczema, showing typical crusting
without central clearing. (Reprinted from Shy R. Tinea
corporis and capitis. Pediatr Rev. 2007;28:167. � American
Academy of Pediatrics.)
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and it has a strong, unpleasant odor. Zinc pyrithione
shampoo 1% applied for 5 min/d for 2 weeks produced
a 100% cure rate in one small study. Ketoconazole 2%
shampoo is not FDA approved for use in children but is
effective when applied daily for 5 days in adults. The sham-
poo is applied daily to affected areas for 5 to 10 minutes
before being washed off. Monthly applications may help
prevent recurrences.

Single-dose ketoconazole (400 mg orally) or flucona-
zole (400 mg orally) has become a popular treatment be-
cause of its convenience. However, these agents are not
FDA approved for this indication in children, and these
high-dose regimens are less effective than longer treatment
courses and are associated with a high rate of adverse effects.
(19) The authors of the systematic review recommended
ketoconazole (200 mg/d for 10 days), itraconazole (200
mg/d for 7 days), or fluconazole (300 mg/wk for 2 to
4 weeks) as the most effective and safe systemic antifungal
regimens in adults. Drug interactions are common with
thesemedications, and consultation with a pharmacist is rec-
ommended prior to prescribing these medications for off-
label use in any patient taking medication chronically.

Table 6. Topical Antifungal Therapy for Dermatophytoses and Pityriasis
Versicolor

Class Drug
Over-the-
Counter

Approval in
Children by
FDA Frequency Duration Comments

Allylamines Terbinafine 1% Yes >11 y Once or
twice daily

2–4 wk 90% cure rate

Naftifine 1% No No Once daily 2–4 wk Higher cure rate than
azoles; expensive

Benzylamine Butenafine 1% Yes >11 y Once or
twice daily

2–4 wk 75% cure rate of tinea pedis
with 1 week of twice-
daily application

Imadazoles Clotrimazole 1% Yes Yes Twice daily 2–6 wk No proven difference in
efficacy among the azoles

Econazole 1% No No Twice daily 2–6 wk
Ketoconazole 2% Yes No Once daily 2–6 wk
Miconazole 2% Yes Yes Twice daily 2–6 wk
Oxiconazole 1% No Yes Once daily 2–6 wk
Sulconazole 1% No No Once daily 2–6 wk

Other Ciclopirox 0.77% No >9 y Twice daily 2–6 wk 1% shampoo for adjunct
therapy for tinea capitis

Tolnaftate 1% Yes Yes Twice daily 4–6 wk Less effective than
imidazoles; inexpensive

Selenium sulfide
2.5%, 1%

Yes Yes Twice weekly
or once
daily

2 wk Adjunct therapy for tinea
capitis; daily therapy for
pityriasis versicolor

Zinc pyrithione
1%

Yes Yes Twice weekly
or once
daily

2 wk Adjunct therapy for tinea
capitis; daily therapy for
pityriasis versicolor

Summary

• Tinea capitis, tinea corporis, and pityriasis versicolor
are common superficial fungal infections in the
pediatric population.

• Tinea capitis is the most common dermatophyte
infection worldwide. In North America, the cause is
almost exclusively T tonsurans. Diagnosis of tinea
capitis usually can be made by clinical features alone,
especially when occipital or postauricular
lymphadenopathy is present. Skin scrapings prepared
with potassium hydroxide for microscopic
examination, or a cotton swab for fungal culture,
usually are diagnostic.

• Treatment of tinea capitis requires systemic antifungal
therapy. Terbinafine and griseofulvin are both effective
against T tonsurans and are FDA-approved for this
indication in children.

• Adjunctive topical therapy for the patient and household
contacts decreases transmission of this infection.

• Topical antifungal therapy usually is effective for
tinea corporis and pityriasis versicolor. However,
recurrences of pityriasis versicolor are common.
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The reader is likely to find material to share with parents that is relevant to this article by visiting these links:
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• http://www.healthychildren.org/English/health-issues/conditions/skin/Pages/Tinea-Infections-Ringworm-
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Educational Gap

Divorce has become a common part of the fabric of American life, and its impact on chil-

dren has been studied extensively, with findings revealing that a multitude of factors

predict both short- and long-term adjustment.

Objectives After completing this article, readers should be able to:

1. Understand the impact of developmental stage on children’s adjustment to divorce.

2. Understand the influence of developmental stage on children’s adjustment to blended

families.

3. Be aware of custodial issues and their effect on child adjustment.

4. Be aware of the impact of parental behaviors and adjustment on child adjustment.

5. Understand the role of the primary practitioner in providing guidance around divorce

issues.

Introduction
Divorce in America affects children of every ethnic background, religion, and socioeco-
nomic status. Approximately 50% of all first marriages will end in divorce, with over 1 million
children being affected per year. The most recent data published by the Centers for Disease
Control and Prevention (CDC) reveal a divorce rate in 2009 of 3.4 per 1,000 total popu-
lation across the United States (six states excluded from the CDC numbers), equaling
w1 million divorces in that 12-month period. (1) The CDC reported that in data sampled
across five states, 26.6% of adults over 18 years old reported experiencing parental divorce
or separation during their own childhood. (2) If the number of marriages that end in
long-term separation but not divorce is considered, the rate of children being affected by
parental separation is even higher.

Of course, just as the American populace is not homogenous, neither are the data on
divorce and separation. Data from the National Survey of Family Growth suggest that
African American women are more likely to suffer marital separations and divorces and
are less likely to remarry than are white or Hispanic women. Women of Asian descent
have significantly lower rates of marital disruptions. The data also reveal that socioeco-
nomic factors may be predictive, in that increased poverty and lower levels of educa-
tion in communities and neighborhoods increase the likelihood of separations and
divorces. (3)

Divorce has become a common part of the fabric of American life, and its impact on
children has been studied extensively, with findings revealing that a multitude of factors
predict both short- and long-term adjustment. In this article, we will focus on the contri-
bution of developmental stage to emotional and behavioral adjustment to the divorce itself,
visitation issues, and new family configurations.

Concerns Across Developmental Stages
The fact that a child experiences the divorce of his or her parents does not in and of itself
doom that child to significant adjustment problems. A number of parental choices and
behaviors are important to emphasize regardless of the developmental stage of the child.
First and foremost, children are more likely to have healthy emotional adjustment if parents
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refrain from exhibiting their conflict in front of them.
This association is true for children with married or di-
vorced parents.

When children are regularly subjected to the hostility
that frequently accompanies the circumstances of di-
vorce, they are exposed to high levels of stress that can
lead to physiologic reactions, such as increases in cortisol
levels. (4) Increased cortisol is known to be associated
with anxiety, sleep problems, weight changes, and irrita-
bility. Children who frequently hear negative comments
from one parent about the other may suffer disruptions in
parental attachment and perceive pressure to declare loy-
alty to one parent or another, or both.

Research has revealed that when high-conflict parents
are able to contain their conflict and not expose their
children to it, these children are not significantly differ-
ent in terms of postdivorce adaptation as compared with
children of low-conflict divorced parents or even low-
conflict married parents. (5) Conversely, children
exposed to high-conflict parental interactions are signifi-
cantly more likely to exhibit externalizing behavioral
problems, emotional dysregulation, and decreased aca-
demic performance.

Concerns Specific to Developmental Stages
Parents should be encouraged to take into consideration
the developmental stage of each of their children as they
work to minimize the negative impact of divorce. A child’s
awareness of changes related to the divorce and under-
standing of the divorce process will depend very much
upon their age and stage of cognitive development. In ad-
dition, warning signs of adjustment difficulties may look
different at different developmental stages.

Infants
Infants obviously are not able to understand the concept
of divorce, but they are able to notice changes in their
environment, including changes in caregivers and in care-
giver routines. Infants need stability in their daily routine
and sufficient contact with a primary caregiver to allow
for the development of secure attachment. Attachment
may be an especially important consideration because early
secure attachment on a dependable caregiver is thought
to form the basis for future relationships. (6) Infants may
show signs of distress, which can take the form of fussi-
ness or irritability or can present as withdrawal or listless-
ness. Changes in sleep and appetite patterns also may be
caused by distress, and in situations characterized by ex-
treme stress or neglect, infants may be delayed in meeting
developmental milestones. (7) Infants will benefit from

consistency in routine, physical affection, and positive so-
cial interactions.

Toddlers
Toddlers will be aware of changes in parental presence
and may develop separation anxiety, increased irritability,
and regression of skills. For example, a child who had
given up thumb sucking may resume that habit, or a child
who has been successfully toilet trained may begin to
have accidents. Sleep and eating patterns may be affected
by stress, and toddlers also may develop excessive fears.
(8) Like infants, toddlers benefit from consistency in rou-
tines as well as quality time with their parents.

Preschoolers
Preschoolers are better able to understand that one par-
ent is no longer living with them. However, they still may
not understand the permanency of divorce and may re-
peatedly ask questions about divorce. Repeated questions
by preschoolers are not an indication of lack of under-
standing or memory but are a developmentally appropri-
ate method of confirming the stability of what they have
been told. These repetitive questions help in the process-
ing of information. Difficulty coping with changes in
schedule will continue during the preschool years, and
preschoolers need to know what to expect.

Preschoolers may exhibit demanding behavior or at-
tempt to control their surroundings in an effort to create
order. Developmental regression is not uncommon in the
aftermath of divorce, as is true with preschoolers’ reaction
to any traumatic event. Some preschool-age children may
show signs of reunion fantasies. (8) Parents can protect
preschoolers and ease the adjustment period by providing
one-on-one attention, keeping behavioral expectations
constant, and providing honest and developmentally ap-
propriate information about how the divorce process will
affect their preschooler’s day-to-day life.

School-age Children
School-age children experience tremendous cognitive
growth and become better able to comprehend the con-
cept of and permanency of divorce. School-age children
are prone to blaming themselves for the dissolution of
their parents’ marriage, and reunion fantasies continue
to be common. Changes in mood may be noticed, espe-
cially increased sadness and anger. Difficulty with academic
performance is common. School-age children also may act
out in response to divorce, (9) possibly to test behavioral
boundaries in their new situation. School-age children
need reminders that divorce is final and that they are
not at fault. They do best with consistent behavioral
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expectations and consistent consequences for rule vio-
lations. School-age children also need to be supported
in maintaining relationships with both parents and will
benefit from being allowed to express their feelings
openly.

Adolescents
Adolescents are better able to understand abstract and
complex issues surrounding divorce, may have difficulty
accepting divorce, and may self-blame. Signs that adoles-
cents are having difficulty adjusting to divorce include
acting out, taking on excessive responsibility, and worry-
ing about adult issues. Research has revealed that adoles-
cents with divorced parents are more likely to have both
externalizing problems (eg, drug and alcohol use, rule vi-
olations) and internalizing problems (eg, depression,
anxiety, withdrawal from family or friends) than are their
counterparts who have intact families of origin. Adoles-
cents are in the process of finding their own identity,
and their feelings about their parents’ divorce may af-
fect the development of their own views on love and
relationships.

Parents can ease the adolescent’s adjustment to di-
vorce by being open to calm conversation about their
teenager’s reaction to the divorce, by not including their
adolescent children in conversation about adult topics
(eg, legal and financial matters), and by having consistent
expectations for their behavior. Adolescents with signif-
icant emotional and behavioral concerns also may ben-
efit from group or individual therapy (Table 1).

Individual Differences in Adjustment
Several individual characteristics have been associated
with resilience and the ability to cope with divorce, in-
cluding easygoing temperament and average or higher
cognitive abilities. Children endowed with these posi-
tive attributes are better able to seek out and obtain
support from others and to adapt to change, whereas
children with difficult temperaments or difficult behav-
ior are more likely to struggle to adapt in the aftermath
of divorce. In addition, children with developmental
needs, chronic medical conditions, or behavioral prob-
lems may cause more parenting stress, which may exacer-
bate parent-child relationship problems and adjustment
difficulties.

Unlike age or developmental level, gender has been
shown to have fewer consistent effects on the immediate
adjustment to divorce. When differences are reported,
typically it is found that boys have more postdivorce
challenges than girls, but the differences are relatively
small. (10) Adolescent boys are more likely to struggle

academically in the face of parental divorce than are ad-
olescent girls. Further, girls are more likely to have im-
proved emotional adjustment and increased personal
accomplishments after divorce than are boys.

Most early research on the effects of age and gender
on adjustment to divorce have compared children with
divorced parents and children who do not experience pa-
rental divorce in a particular age range, without account-
ing for the timing of parental divorce. More recently,
Lansford et al (11) have investigated developmental tra-
jectories beginning 1 year before divorce and following
children until 3 years after parental separation or divorce.
Their results revealed that children in kindergarten
through fifth grade at the time of their parents’ divorce
were more likely to struggle with internalizing problems
compared with young children whose parents did not di-
vorce. Older children (sixth through 10th grade) whose
parents divorced were more likely to struggle academi-
cally than their peers whose parents remained married,
but were not different from those peers on measures of
emotional and behavioral adjustment.

Environmental changes related to divorce also may af-
fect children’s adjustment. Children may have to move to
a new home and possibly a new community after divorce,
and families may experience increased financial difficul-
ties. Even under the best of circumstances, children need
time to adapt to any significant change in their lives (eg,
school placement, new homes). This adaptation is more
challenging if the child’s support system has been disrup-
ted through separation from a parent, other family mem-
bers, and other sources of support, as frequently occurs in
the divorce process.

Custodial Issues
Across the United States, a wide variety of parenting ar-
rangements are utilized in separated families and families
of divorce. Traditionally, the mother would be the primary
custodian and caretaker, with the father having periodic
visitation, sometimes every other weekend, from Friday
night to Sunday, and an additional visit during the week.
As we entered the new millennium, however, the impor-
tance of the regular and consistent role of the father was
increasingly emphasized and investigated, both in intact
families and families of divorce.

As women more often took a role of significant, and
sometimes primary, breadwinner, men assumed a more
active role as caregiver of their children. Research reveals
this paradigm to be of benefit to children because they
are able to receive the unique contributions that each
parent provides to their growth, development, and ad-
aptation. Accordingly, legal and judicial systems across
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the country have increasingly granted more parenting
time to fathers in the case of divorce or separation. In-
deed, the terms “parenting time” and “parenting plan”
are being viewed as more appropriate than “visitation
time” and “visitation plan,” because fathers view their
role not as visitors but as parents responsible for daily
care and discipline.

Parenting plans continue to vary based on a number of
factors, including age of the child, distance between the
two homes, schooling and work logistics, the living ar-
rangement of each parent, and parental emotional adjust-
ment and mental health issues. Joint physical custody is
awarded more regularly, with parenting time being split
between one-third to one-half with one parent and the
remainder with the other.

Although there is substantial literature comparing
joint custody to sole maternal custody, there is a paucity
of empirical evidence addressing the impact of specific
visitation plans on child adaptation. (12) Pruett and
Barker (13) found that children ages 4 to 6 years whose
visitation plans included overnight visits with the nonpri-
mary caregiver were reported to have fewer social prob-
lems, as well as internalizing and externalizing problems.

For children ages 0 to 3 years, no significant relationship
was found between overnights and the measured varia-
bles. The same study revealed that children whose visita-
tion schedules were inconsistent had more social
problems and internalizing symptoms.

There are three main pathways through which a par-
enting plan is devised: (1) agreement between two co-
operating parents, (2) mediation, and (3) the courts.
Parents who succeed through the mediation process
tend to avoid escalation of conflict, improve coparenting
cooperation, and save significant legal costs. Most im-
portantly, research reveals that involvement of fathers
in their children’s lives increases up to 12 years postdi-
vorce, as compared with parents who go through an ad-
versarial court process. (12)

Adjustment to Blended Families
Approximately one-half of divorced adults remarry within
4 years of their divorce, and at least one-third of American
children enter stepfamilies (primarily biologic mothers
and stepfathers). (14) Divorce and remarriage are not
acute events; rather they entail extended periods of
adjustment. Parents may be in a series of committed

Table 1. Common Behaviors and Interventions by Developmental Stage

Behavior Intervention

Infancy–3 y Irritability, increased crying; fearfulness; separation
anxiety; sleep problems; gastrointestinal problems;
aggression; and developmental regression.

Establishment of routine and consistency;
increased interaction time with primary
caregivers; and increased physical affection.

4–5 y Clinginess; acting out behaviors; fear of
abandonment; and increased nightmares
and fantasies.

Same as infancy through age 3 stage, plus:
repetition of developmentally appropriate
information about the divorce and impact
on the child’s daily life and consistent
behavioral expectations.

School age Moodiness; increased aggression; acting out
behavior; feelings of rejection; feelings of
divided loyalties; decreased school performance;
and possible gender identity concerns.

Opportunity to interact with other children
of divorce, such as in a school-based group;
regular opportunities to verbalize feelings
about divorce in a supportive environment;
and consistent behavioral expectations.

Adolescent Decreased self-esteem; decreased school performance;
withdrawal, substance abuse; excessive rule and law
breaking; inappropriate sexual behavior; and taking
on adult family roles.

Participation in peer support groups; emphasis
on appropriate teenager vs adult roles; and
consistent behavioral expectations and limit
setting.

All stages Psychosomatic symptoms; feelings of self-blame and
guilt; attempts to reunite parents; and attempts to
triangulate the adults.

Individual or family therapy may be needed if
behaviors or symptoms affect child’s day-to-day
functioning for a period of time that parents
perceive to be excessive, or if intensity of
symptoms is of concern; consistency in routine
and behavioral expectations as well as
cooperative parental interaction are essential to
short- and long-term adjustment.
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relationships, and each relationship may or may not in-
volve remarriage or cohabitation. Clearly, some children
of divorce must cope with a continually evolving family
structure. Although each situation and child must be
considered individually, parents should be encouraged
to give the timing and method of introduction to a
new partner serious thought. Adjustment to new rela-
tionships may be smoothed if children are allowed ade-
quate time to adjust first to the parents’ separation or
divorce. The introduction of the new partner (and his
or her children) should be done slowly and with sensi-
tivity to the child’s reactions.

Research indicates that both gender and age are
related to differences in adjustment to parental re-
marriage. In general, younger children and older ado-
lescents cope fairly well with a parent’s remarriage,
whereas early adolescents struggle more with the addi-
tion of a stepparent. Children of any age who have
spent lengthy periods of time in divorced, single-parent
households tend to have more difficulty accepting a
parent’s new relationship. In addition, girls are more
likely than boys to oppose a stepparent and less likely
than boys to benefit from the presence of a stepfather.
(14)

In order to optimize their child’s adjustment to a new
stepparent, parents should consider carefully how they
approach the child’s parenting and discipline. In general,
transitioning to blended families will be smoothest when
stepparents do not take over responsibility for discipline
of their stepchildren.

Effects of Parental Adjustment on Children
Previously, parenting ability has been assumed to decline
before and during the divorce process (a phenomenon
coined “diminished capacity to parent”), related to pa-
rents’ own distress or lack of availability to their children.
More recent and prospective studies have revealed that
parenting practices over time in intact two-parent families
are not significantly different from parenting practices in
families experiencing divorce. (15) It is an overgeneral-
ization that all parents going through a divorce experi-
ence a decline in parenting skill due to distress and
preoccupation with personal issues. However, children’s
emotional adjustment does tend to mirror the adjust-
ment of their parents. When parents are able to maintain
emotional stability after divorce, their children will fare
better as well, and when parents are less stable, regard-
less of the cause, children’s adjustment will be affected.
In some cases, underlying parental psychopathology,
rather than divorce, may be the main culprit causing
children’s adjustment problems.

Parental depression may be present before divorce,
and perhaps even play a causative role in the divorce,
and depression also may occur as a result of the stressful
divorce process. Indeed, parents have reported increased
depressive symptoms in the immediate aftermath of di-
vorce. Parental depression has been linked to a wide variety
of negative outcomes for children, including increased risk
for behavior problems, anxiety, and developing depression
themselves; academic decline; physical health problems;
and social relationship concerns. Parental depression is as-
sociated also with increased risk of substance abuse in ad-
olescent children. Not surprisingly, parental depression is
also linked to poorer parent-child relationships.

Divorce can be associated with improved parental
functioning as well, particularly when a marriage’s end re-
duces stress. In particular, women have reported experi-
encing increases in independence.

Long-Term Effects of Parental Divorce
In general, most children’s adjustment difficulties are
thought to resolve within 2 to 3 years after a divorce
and 3 to 5 years after a remarriage. (14) However, in
some cases, adjustment difficulties may fade and then re-
turn later in life or may persist through adulthood. For
example, adult female children of divorce are more likely
to attempt suicide than adult male children of divorce,
even while controlling for a history of depression. This
finding suggests that women whose parents divorced
may be at elevated risk for a suicide attempt even without
depressive symptoms. (16) Research in England has re-
vealed that when father involvement is examined rather
than parents’ marital status, boys and girls with father in-
volvement at age 7 are less likely to have emotional and
behavioral problems, and that girls whose fathers were in-
volved in their lives at age 16 were less likely to exhibit
psychological distress as adults. (17)

Early adolescents with divorced parents have been
found to be more likely to date and to be more influenced
by dating and romance than peers from nondivorced
families. (18) Adolescents whose parents have divorced
or remarried are more likely to drop out of school.

Adults whose parents divorced or remarried may at-
tain somewhat lower levels of education and are more
likely to be unemployed or underemployed than their
counterparts who have had continuously married parents.
In addition, adult children of divorce are more prone to
interpersonal difficulties in all domains of their lives, and
their marriages are more likely to end in divorce. Individ-
ual factors certainly can protect the adult child of divorce
from these difficulties, (19) including choice of spouse
and social support in general.
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Researchers are beginning to look beyond the statis-
tical occurrence of adjustment concerns in adult chil-
dren of divorce and to consider qualitatively how adults
think about their parents’ divorce. A recent Swedish study
revealed adult children of divorce report both negative
and positive perceptions of divorce. Negative percep-
tions were noted, related to disappointment in the
lack of support from their parents and others related
to the divorce. Positive perceptions also were com-
mon, including contentment with parents’ choices
and with the belief that they and family members ex-
perienced satisfactory or even better lives. (20)

Interventions to Promote Positive Adjustment
In response to increasing divorce rates, many counties
have adopted mandatory educational programs for pa-
rents at the time they file for divorce. These programs
typically are very brief and didactic in nature, targeting
how to help children cope during and immediately after
the divorce process. More recently, programs of a more
intensive nature have been developed for families who
have experienced divorce. For example, the New Begin-
nings Program was established byWolchik and colleagues
(21) and consists of 11 parent group sessions and two in-
dividual sessions and targets mother-child relationship
quality, effective discipline, conflict between parents,
and children’s access to their fathers.

A follow-up study shows that participation in New
Beginnings yields improvement in the mother-child
relationship, which in turn is related to decreased in-
ternalizing problems for children and improvements
in self-esteem at a 6-year follow-up. Participation also
was associated with more effective mothers’ discipline,
which in turn was related to fewer externalizing symp-
toms in children and subsequent decreases in externalizing
problems and substance abuse, and improved academic
success in adolescence. (21) Parenting programs are im-
portant for reducing or eliminating detrimental long-term
effects of divorce, with benefits lasting into adolescence
and beyond.

A frequent question posed to pediatricians and other
child health professionals is to what extent children
should have input into parenting plans. This participa-
tion will be strongly dependent on the child’s develop-
mental maturity and the specific situation. Sanchez and
Kibler-Sanchez (22) advocate for involving children in
the mediation process and outline an intervention model
for this involvement, although no empirical data on the
effectiveness of this program has yet been collected. An
Australian research group has implemented and studied

a child-inclusive divorce mediation program that solicits
direct input from the child in the mediation process,
surrounding custody and visitation decisions. The study
reveals that this structured and therapeutic method
of including the child in the process resulted in reduced
levels of conflict and improved dispute management.
(23)

Recommendations for the Primary Practitioner
Pediatricians are many times the first professional with
whom parents talk regarding the impact of divorce on
their children. When possible and appropriate, the pedi-
atrician should spend some time speaking alone with the
child during any routine appointments in the weeks and
years after the divorce. Continual monitoring of the child’s
adjustment over the years after divorce is warranted be-
cause over time new issues usually evolve and the child ex-
periences the family situation differently at different stages
of development. Given the limited amount of time most
pediatricians have during a single visit, discussion must
be clear and succinct, as well as compassionate and non-
judgmental. In summary, salient points of discussion to
a parent might include:

• Divorce does not have to lead to maladjustment.
• The best way to increase the likelihood of positive ad-

justment is to avoid exposing the child to parental con-
flict and to engage in cooperative coparenting.

• Lengthy and adversarial litigation regarding custody or
support issues is associated with less involvement of
one parent and with poorer child adjustment.

• Good parental self-care, making sure that any mental
health issues are being addressed, will have a positive
impact on the child’s psychological well being.

• A strong support system for both parent and child can
be protective. Pediatricians can talk with parents about
how to maintain existing support sources and develop
new ones. Among the most important support net-
works for the child is the school. Parents may need
counseling on approaching the appropriate school
staff to share pertinent information so that staff can
understand any behavioral or emotional changes in
the child and thus be prepared to provide quick and ef-
fective support and intervention.

• Children of all ages must be listened to and their feel-
ings validated. Parents may need to make decisions
that the children do not like, but the fact that the pa-
rents listen to their viewpoint will help their children
adjust to these decisions.

• Children going through the divorce of parents are
already dealing with many changes. Therefore, it is
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important to retain as much consistency in parenting
techniques and discipline as possible as a way to pro-
mote stability and predictability. Parents understand-
ably have regrets about the impact of the divorce
decision on the children and may be tempted to loosen
up rules and to try to compensate for emotional dis-
tress by indulging more of the child’s material wishes.
Parents should be counseled that although this ap-
proach may seem to help the child’s mood in the
short-term, it may lead to difficulties when the parent
attempts to return to previous limits and expectations.

The child is served best if the pediatrician can avoid
taking sides or overidentifying with one parent versus an-
other. Parents may be inclined to share their negative
feelings regarding the other parent in an appointment,
and it is essential that the doctor listen while helping
the parent to focus on what can be done to facilitate
the child’s adjustment. This advice might include re-
minding the parent he or she can control only his or
her own actions and decisions related to the child,
and will not be able to control most of what goes
on when the child is with the other parent. The ability
to “let go” of the idea of being able to control the ex-
partner takes much practice and self-reminding but
will pay off in reduced stress levels for both the parent
and the child.

Fortunately, many of the daily issues or decisions on
which the parents disagree will not have significant neg-
ative impact on the child. However, if there is suspicion
of abuse or neglect, significant parental substance abuse,
or significant parental mental health problems, the pedi-
atrician must counsel the parent on the appropriate re-
sources to consult. And the pediatrician always needs
to be aware of the laws of his or her state regarding

mandatory reporting for suspected abuse or neglect.
Medical professionals should be careful to refrain from
providing legal advice and refer those questions to the
parent’s legal counsel.

Pediatricians are encouraged to utilize well-child visits
as an opportunity to monitor the emotional and behav-
ioral adjustment of children of divorced parents. Stan-
dardized measures of general child adjustment may assist
the practitioner in screening for adjustment issues in need
of further evaluation.
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PIR Quiz
This quiz is available online at http://www.pedsinreview.aappublications.org. NOTE: Since January, learners can take
Pediatrics in Review quizzes and claim credit online only. No paper answer form will be printed in the journal.

New Minimum Performance Level Requirements
Per the 2010 revision of the American Medical Association (AMA) Physician’s Recognition Award (PRA) and credit system,
a minimum performance level must be established on enduring material and journal-based CME activities that are certified for AMA
PRA Category 1 CreditTM. In order to successfully complete 2012 Pediatrics in Review articles for AMA PRA Category 1 CreditTM,
learners must demonstrate a minimum performance level of 60% or higher on this assessment, which measures achievement of the
educational purpose and/or objectives of this activity.

Starting with 2012 Pediatrics in Review, AMA PRA Category 1 CreditTM can be claimed only if 60% or more of the questions are
answered correctly. If you score less than 60% on the assessment, you will be given additional opportunities to answer questions
until an overall 60% or greater score is achieved.

1. Among the following new behaviors exhibited by fourth-grade children whose parents have recently divorced,
you would be most surprised to find:

A. A decline in academic performance.
B. A wish that the parents can reunite.
C. Changes in sleep pattern.
D. Thumb sucking.
E. Voicing of self blame for causing the divorce.

2. Which of the following children is likely to have the most difficulty in adjusting to the new stepparent after his
or her mother’s recent remarriage?

A. A 4-year-old boy whose mother remained single for 3 years after divorce.
B. A 4-year-old girl whose mother remained single for 3 years after divorce.
C. A 15-year-old boy whose mother remained single for 8 years after divorce.
D. A 15-year-old girl whose mother remained single for 3 years after divorce.
E. A 15-year-old girl whose mother remained single for 8 years after divorce.

3. The parents of a 12-year-old boy are in the process of divorcing. Assuming both parents have the capacity and
desire to parent, the most advantageous method of establishing a parenting plan would be:

A. Allowing the child to decide where he would like to live.
B. Allowing the judge to determine a parenting plan in court.
C. Hiring a psychologist to conduct a parenting evaluation of each parent.
D. Utilizing a mediator, with consideration of the parents’ preferences.
E. Utilizing a mediator, with consideration of the parents’ preferences and the child’s perspective (contingent

on the child’s developmental level).
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4. Children whose parents divorce are more likely to experience both lower educational attainment and greater
future interpersonal difficulties than are children of continuously married parents. Mitigation of such risk is
most likely to occur if:

A. Custody is clarified through an adversarial court process.
B. Divorce is avoided at all costs.
C. Remarriage does not occur.
D. The father’s contribution to postdivorce parenting is minimized.
E. The parents both adjust well to their own divorce.

5. The parents of a 9-year-old girl in your practice have recently completed divorce. As a pediatrician, you can be
most useful to the girl and her parents by:

A. Becoming an advocate for the noncustodial parent.
B. Encouraging parents to voice negative opinions of the other parent during office visits.
C. Meeting with the child alone to elicit her views of the divorce.
D. Suggesting that the divorce be kept secret from school staff in order to avoid embarrassment for the girl.
E. Urging for clarity that courts decide all custody issues.

HealthyChildren.org Parent Resources From the AAP

The reader is likely to find materials to share with parents that is relevant to this article by visiting these

links:

• http://www.healthychildren.org/English/family-life/family-dynamics/types-of-families/pages/adjusting-
to-divorce.aspx

• http://www.healthychildren.org/English/family-life/family-dynamics/types-of-families/pages/making-
the-divorce-livable-for-your-child.aspx

• http://www.healthychildren.org/English/family-life/family-dynamics/types-of-families/pages/divorce-
how-to-help-your-teenager.aspx
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Educational Gap

There is wide variation among centers regarding prophylactic versus preemptive therapy

for posttransplantation cytomegalovirus infection.

Objectives After completing this article, readers should be able to:

1. Understand the mother-infant cytomegalovirus (CMV) transmission risk based on

maternal antibody status.

2. Recognize the clinical manifestations of congenital and postnatal CMV infection.

3. Explain the appropriate methods for the diagnosis of congenital CMV infection.

4. Describe the specific risk of neurodevelopmental impairment in infants with

congenital CMV infection.

5. State the major antiviral agents for treatment of CMV infection in the

immunocompromised host.

Introduction
Cytomegalovirus (CMV) has been identified as an important viral pathogen in humans for
more than a century. The histopathology of CMV was first described in 1904, but the virus
itself was not isolated until 1957 by Craig et al. (1) CMV infects multiple human cell types,
including salivary gland epithelial cells, hence the original name of the virus: salivary gland
virus. In 1960, Weller designated the virus as CMV based on the appearance of the swollen
virus-infected cells labeled as cytomegalia. (2) Over the next several decades, the prevalence
and importance of CMV as a human pathogen became more apparent. CMV causes the
most common perinatal viral infection in developed countries. CMV infects nearly 1% of
all newborns, w40,000 infants per year, in the United States. Infection with CMV is
the most common cause of nonhereditary sensorineural hearing loss (SNHL). (3) In ad-
dition to congenital and perinatal infection, CMV causes significant morbidity in immuno-
compromised patients, including chorioretinitis, pneumonia, colitis, and neuropathy. (4)

The Virus
CMV is a member of the human herpesvirus family. Its large, linear, double-stranded DNA
is w235 kb in size. The genome is divided into a unique long (UL) region and a unique
short region. The UL region contains two genes whose protein products are important in

antiviral therapies, including ganciclovir administration. The
UL54 gene product is a DNA polymerase and is the target of
several antiviral agents indicated for the treatment of symp-
tomatic congenital CMV infection. The UL97 gene product
is a phosphotransferase required for phosphorylation of gan-
ciclovir to its active metabolite in vivo. The humoral im-
mune response against CMV is focused on two envelope
proteins: glycoprotein B and glycoprotein H. Most human

Abbreviations

CMV: cytomegalovirus
RL: recipient negative for CMV infection
SNHL: sensorineural hearing loss
UL: unique long region
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8 cells are infected by CMV, including fibroblasts, epithe-
lial cells, endothelial cells, macrophages, and myocytes.
The exact incubation period is unknown, but is thought
to be 1 to 2 months.

Epidemiology
CMV infection is ubiquitous in human populations world-
wide. In the United States, the overall CMV seropreva-
lence is w50%, leaving many women of reproductive
age still at risk for primary CMV infection during preg-
nancy. Worldwide, CMV seroprevalence among women
in the reproductive age ranges from 45% in developed
countries to 100% in developing countries. With pro-
longed, repeated exposure to the virus through saliva
or saliva-contaminated surfaces, CMV is spread easily
in the child care setting. Toddlers infected postnatally
with CMV shed the virus in their urine for a mean of
18 months (range 6–40 months). In contrast, healthy
adults infected with CMV will shed the virus for only
up to several weeks. Higher socioeconomic status is asso-
ciated with lower rates of CMV prevalence.

Exposure to young children is a risk factor for infec-
tion. In women of childbearing age, infection rates for se-
ronegative child care employees are between 10% and
20% per year. The infection rates for the general seroneg-
ative population are 2% per year. In contrast to seroneg-
ative child care workers, increased risk of infection for
health care workers has not been documented.

Although prevalent, CMV infection often is asymp-
tomatic in the immunocompetent host. Symptomatic
CMV infection occurs primarily when the infection oc-
curs congenitally, perinatally in premature infants (but
not term), and in immunocompromised individuals, such
as HIV-positive patients or transplant recipients receiving
immunosuppressive therapy.

Transmission
Exposure to CMV can occur from almost all body fluids,
including urine, saliva, tears, and genital secretions, as well
as from transplanted organs. CMV can bematernally trans-
mitted during pregnancy, perinatally, or after postnatal ex-
posure. Primary maternal infection during pregnancy has
a 40% transmission rate to the fetus. This transmission
is thought to occur by the transplacental route. In the set-
ting of maternal viremia, maternally infected leukocytes
cross to the placenta. The virus can be isolated from
the placenta following congenital infection; placentitis
is demonstrated on placental pathologic examination.

In women who are seropositive before pregnancy, re-
activation of CMV can lead to congenital infection. The

transmission rate to the fetus in a preconceptionally im-
munemother shedding CMV virus is 1% vs 40% for primary
maternal CMV infection, and sequelae in the offspring
generally are less severe.

Alternatively, congenital CMV in a preconceptionally
seropositive mother may result from acquisition of a new
strain of CMV. In addition to in utero transmission, in-
fection can occur during the perinatal period from expo-
sure to genital secretions during delivery.

Shedding of CMV in toddlers in child care centers can
be as high as 70%. Standard precautions with good hand
hygiene are sufficient to prevent transmission and should
be practiced routinely when taking care of young chil-
dren. The Centers for Disease Control and Prevention
Web site gives recommendations for pregnant women
on how to avoid transmission of CMV (www.cdc.gov/
cmv/).

Postnatal infection can occur after exposure to human
milk, blood products, or transplanted organs. Human
milk–associated CMV infections typically are asymptom-
atic in term infants because of passively acquired maternal
antibodies. (5) In contrast, extremely premature infants
are at higher risk for symptomatic CMV infection acquired
from human milk because of their immature immune sys-
tem and paucity of maternal antibodies. Postnatal CMV
disease in this population can present as sepsislike illness,
including respiratory symptoms (pneumonitis), hepatomeg-
aly, thrombocytopenia, neutropenia, and lymphocytosis.

The risk of CMV transmission in premature infants can
be minimized with the use of pasteurized human milk,
leukoreduced blood products, and milk or blood from
CMV-negative donors. (6) Transmission of CMV during
solid organ transplantation typically occurs when a seroneg-
ative recipient receives an organ from a seropositive donor.

Congenital Cytomegalovirus Infection
Ninety percent of congenitally infected infants are asymp-
tomatic at birth. The remaining 10% of infected infants
can demonstrate a wide range of manifestations affecting
multiple organ systems. The clinical features of congen-
ital CMV infection are more severe following primary
maternal CMV infection than from recurrent maternal
infection. Common clinical features of congenital CMV
infection (Table 1) include jaundice, hepatosplenomegaly,
prematurity, intrauterine growth restriction, microceph-
aly, thrombocytopenia, and skin manifestations (Fig 1),
such as petechiae and purpura. Prenatally, congenital
CMV infection can be associated with oligo- or polyhy-
dramnios, periventricular calcifications (Fig 2), and hy-
perechoic bowel on prenatal ultrasonography.
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The possible neurologic manifestations of congenital
CMV infection are numerous. Hypotonia, poor feeding,
ventriculomegaly, cerebellar hypoplasia, polymicrogyria,
periventricular pseudocysts, seizures, spasticity, and de-
velopmental delay can occur in infants afflicted with con-
genital CMV infection. Among infants with symptomatic
congenital CMV infection, SNHL will affect 30% at birth.
Among the 90% of asymptomatic infants at birth, 7% to
15% will develop progressive SNHL later in childhood.
Ophthalmologic manifestations of congenital CMV in-
clude chorioretinitis, strabismus, microphthalmia, optic
nerve atrophy, and cortical visual impairment.

Diagnosis
Congenital CMV infection can be diagnosed prenatally
by detecting CMV immunoglobulin M in fetal blood
or by isolating the virus from amniotic fluid. Amniocen-
tesis is most accurate after 21 weeks, when the fetal kid-
ney has matured enough to excrete the virus into the
amniotic fluid. Postnatally, congenital CMV is confirmed
by detection of the virus in urine, blood, or saliva within
the first 3 weeks of life by culture or polymerase chain

reaction. The virus can be detected within 24 hours by
the shell-vial assay, in which CMV is identified by immu-
nofluoresence against nucleic antigens of infected cells.

The differential diagnosis of congenital CMV infection
includes other congenital infections, such as congenital
toxoplasmosis. In infants with prominent skin manifesta-
tions, bacterial sepsis and erythroblastosis fetalis should
be considered.

Routine CMV testing during pregnancy currently is
not recommended in the United States. Although exper-
imental treatments for newly infected pregnant women
have been reported, most infections (w90%) do not re-
sult in symptomatic CMV disease. Furthermore, many
cases of the most common complication of congenital
CMV infection, SNHL, occur in infants born to mothers
with secondary CMV.

Because treatment for CMV has high toxicity and uncer-
tain effectiveness, therapy is recommended only in certain
symptomatic cases (eg, central nervous system disease).
Although routine CMV testing could facilitate earlier in-
terventions for SNHL or earlier identification of delayed-
onset hearing loss, it is unclear currently if these benefits
outweigh the risks of parental anxiety, unnecessary treat-
ments, or interventions and social stigmatization.

CMV in the Immunocompromised Host
The increased risk for CMV infection and reactivation in
immunocompromised individuals is well recognized. In
the pediatric population, apart from congenital transmis-
sion, CMV infection can occur following bone marrow
transplantation or solid organ transplantation, or in HIV-
positive patients. CMV in this setting can present as asymp-
tomatic viremia, as CMV syndrome, or as tissue-invasive
disease.

CMV syndrome is defined as CMV viremia associ-
ated with one or more clinical signs or symptoms (fever,
malaise, leukopenia, thrombocytopenia, atypical lym-
phocytosis, or elevated liver enzymes) in the absence
of another cause. Tissue-invasive disease occurs when
there is tissue-specific disease (pneumonitis, colitis, hep-
atitis, retinitis), defined by detection of the virus from
the tissue itself.

Solid organ transplant recipients who are seronegative
before transplantation and receive an organ from a sero-
positive donor (donor-positive/recipient-negative [R�])
are most at risk for acquiring CMV infection. The inci-
dence of CMV disease in donor-negative/R� transplanta-
tion is <5%; however, without prophylaxis, the incidence
of CMV disease in donor-positive/R� transplantation is
estimated to be as high as 40%.

Table 1. Clinical Signs of
Congenital CMV Infection

Central nervous system
Microcephaly
Hypotonia
Poor feeding
Ventriculomegaly
Periventricular calcifications
Seizures
Chorioretinitis
Sensorineural hearing loss
Cerebellar hypoplasia
Polymicrogyria
Periventricular pseudocysts
Developmental delay

Skin
Jaundice
Petechiae
Purpura

Gastrointestinal
Direct hyperbilirubinemia
Elevated liver enzymes
Hepatomegaly

Hematologic
Thrombocytopenia
Anemia
Splenomegaly
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Because of the varied degree of immunosuppression,
the rates of CMV infection vary with the organ trans-
planted. Lung and small bowel transplants have the high-
est incidence of posttransplant CMV infection. The
disease burden of CMV is not limited to the infection it-
self. CMV disease increases the risk for bacterial, fungal,
or viral superinfections. In addition, there is increased risk
of posttransplantation lymphoproliferative disease, graft
dysfunction, and graft failure. CMV coinfection of HIV-
infected infants in the first 18 months of life can result in
greater HIV-related disease progression and central ner-
vous system disease. (7)

There is wide variation among centers regarding pro-
phylactic versus preemptive therapy for posttransplanta-
tion CMV infection. Universal prophylaxis involves
giving antiviral medications to either all patients or to a se-
lect group of at-risk patients after transplantation. This
strategy decreases the risk for other viral infections but
does so at the increased cost of universal prophylactic
therapy, which carries the potential for increased adverse
effects from antiviral medication and increased risk for
late-onset CMV infection after discontinuation of the
prophylactic therapy.

With preemptive therapy, patients are tested weekly
for the presence of viremia. Therapy is initiated when
early, asymptomatic viremia is detected. With this method,
there are decreased drug costs and potentially fewer ad-
verse effects from medications. Weekly testing can be bur-
densome and costly, however.

There is no strong evidence in pediatric patients to
suggest one strategy over another. In fact, most centers
have protocols that incorporate elements of both.

A recent study in the adult literature, the IMPACT
(IMproved Protection Against CMV in Transplantation)
study, reported decreased incidence of CMV infection at
1 year after transplantation, after 200 days of universal pro-
phylactic therapy versus 100 days. (8) For pediatric pa-
tients, intravenous ganciclovir and enteral valganciclovir are
the most commonly used antiviral agents for posttransplant
CMV therapy.

Treatment
The first antiviral agent specifically licensed for treating
CMV infection was ganciclovir. Treatment for congenital
CMVwith ganciclovir is associated with significant toxicity
and currently is recommended only for those infants with
severe symptomatic disease involving the central nervous
system who are able to start treatment within the first
month after birth. (9) A synthetic acyclic nucleoside an-
alog of guanosine, ganciclovir blocks viral DNA synthesis
by inhibiting CMVDNA polymerase in infected cells and

Figure 1. Blueberry muffin rash in congenital CMV infection.
Reprinted with permission from the Red Book� Online Visual
Library, 2009, � American Academy of Pediatrics. Image
039_11. Available at: http://aapredbook.aappublications.org/
visual.

Figure 2. Periventricular calcifications in congenital CMV infection.
Reprinted with permission from the Red Book� Online Visual Li-
brary, 2009, � American Academy of Pediatrics. Image 039_34.
Available at: http://aapredbook.aappublications.org/visual
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by incorporating itself into CMV DNA, causing chain
termination. Ganciclovir requires in vivo phosphorylation
to a triphosphate by the CMV UL97 gene product.

Adverse effects include myelosuppression (anemia,
thrombocytopenia, neutropenia), with occasional dose-
limiting toxicity from neutropenia. Ganciclovir is dosed
at 12 mg/kg per day intravenously for 6 weeks for severe
congenital and perinatal CMV infection (Table 2). The
drug is cleared renally, and adjusted dosing for patients
with renal insufficiency is recommended. Resistance to
ganciclovir has been reported in immunocompromised
patients after prolonged treatment. New-generation

DNA-sequencing methods may now detect ganciclovir-
associated resistance mutations in infants and children
with treatment failure against CMV.

Valganciclovir is a valine ester and prodrug of ganci-
clovir. This medication is available only in enteral form
and is very well absorbed. The drug is indicated currently
for treatment of CMV chorioretinitis in HIV-positive pa-
tients and as CMV prophylaxis in seronegative transplant
recipients who have a seropositive donor. (10) Random-
ized clinical trial data are not yet available for the use of
valganciclovir in treating congenital CMV. Similar to
ganciclovir, the major adverse effect is myelosuppression.

Table 2. Current Therapies for Pediatric CMV Infection

Drug
Route of
Administration Mechanism of Action Adverse Effects

Suggested Dosing
Regimensa

Ganciclovir Intravenous Inhibits CMV DNA
polymerase

Myelosuppression
(particularly
neutropenia)

Congenital infection:
12 mg/kg/day divided
every 12 h for 6 wkb (7)

Valganciclovir Enteral Prodrug of ganciclovir;
inhibits CMV DNA
polymerase

Myelosuppression Congenital infection in
neonates >7 d old and
infants 1–3 mo of age:
16 mg/kg/dose every
12 hc (8)(9)

Foscarnet Intravenous Inhibits CMV DNA
polymerase

Nephrotoxicityd HIV-infected infants and
children:
-disseminated disease
or retinitis: Induction:
180 mg/kg/day divided
every 8 h for 14–21 d,
then maintenance: 90-
120 mg/kg/dose once
daily
-central nervous system
disease: 180 mg/kg/day
divided every 8 h until
symptoms improve
followed by chronic
suppression (10)

Cidofovir Intravenous Inhibits CMV DNA
polymerase, incorporates
into viral DNA

Nephrotoxicity,e

neutropenia, and
metabolic acidosis

Infection in children:
Induction: 5 mg/kg/dose
once weekly 3 2
consecutive wk

Maintenance: 3–5 mg/kg/
dose once weekly every
2 wk for 2–4 doses (11)

a Suggested doses are based primarily on consensus because no sufficient clinical data exist to name the appropriate dose for use in infants and children. (12)
b Some experts use ganciclovir in immunocompromised hosts and extremely premature infants with severe CMV gastrointestinal tract disease and CMV
pneumonitis (with or without CMV immune globulin). Dose adjustment or discontinuation of treatment should be considered for severe neutropenia
(absolute neutrophil count < 500 cells/mm3). (7)
c A randomized controlled trial comparing 6 weeks versus 6 months of treatment with valganciclovir oral solution to systematically assess the efficacy and
safety outcomes associated with longer-term antiviral treatment of symptomatic congenital CMV disease is ongoing (http://clinicaltrials.gov/ct2/show/
NCT00466817?term¼valganciclovir&rank¼7).
d Foscarnet sometimes is used in combination with ganciclovir (which increases the risk of adverse effects). (10)
e To prevent nephrotoxicity, administration of cidofovir should be given in conjunction with oral probenecid and intravenous hydration.
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Foscarnet is second-line antiviral therapy for CMV infec-
tion in myelosuppressed patients or in those demonstrating
viral resistance to ganciclovir. The mechanism of action
is similar to ganciclovir, inhibiting CMVDNA polymerase;
however, foscarnet does not require phosphorylation
in vivo. Foscarnet causes less myelosuppression than other
antiviral therapies for CMV, but it is nephrotoxic, and
prehydration with saline is often recommended.

An additional second-line therapy for CMV choriore-
tinitis in HIV-positive patients is cidofovir. Cidofovir is
an acyclic nucleoside phosphonate, a nucleotide analog
that requires phosphorylation. Once in its active form,
cidofovir is incorporated into the viral DNA and inhibits
DNA synthesis. Metabolites of cidofovir are cleared by
the kidney and have very long half-lives, allowing weekly
dosing schedules.

The adverse effects of cidofovir are nephrotoxicity (re-
quiring prehydration with saline), neutropenia, metabolic
acidosis, and ocular hypotony. (11) It is recommended
that clinicians adjust the dosage in patients with renal
insufficiency and avoid use with other nephrotoxic
agents. Cidofovir administration must be accompanied
by oral probenecid to reduce possible nephrotoxicity.
Reportedly, cidofovir is carcinogenic and teratogenic
in animals.

CMV immunoglobulin G has been used as prophy-
laxis in seronegative solid organ transplant recipients
whose donor was seropositive. CMV immunoglobulin
is pooled, high-titer intravenous immunoglobulin is ex-
tracted from donors with high CMV titers. The agent
is presumed to interact with the CMV viral envelope gly-
coproteins. CMV has also been used as adjunctive therapy
in immunocompromised patients with severe systemic
CMV infection. It is effective in treating CMV pneumo-
nia in bone marrow transplant recipients. CMV immuno-
globulin has been tested as a treatment for women or
fetuses infected with CMV during pregnancy. Data from
randomized controlled clinical trials have not yet been
published, but CMV immunoglobulin is sometimes con-
sidered for treating high-risk cases of fetal injury and as
a possible alternative to pregnancy termination.

Prevention of Sensorineural Hearing Loss
Over the past decade, investigations have been ongoing
to determine the safety and efficacy of antiviral treatment for
prevention of SNHL in patients having congenital CMV in-
fections. In 2003, Kimberlin et al (9), for the National In-
stitute of Allergy and Infectious Diseases Collaborative
Antiviral Study Group, published a phase III randomized
controlled trial of a 6-week course of intravenous

ganciclovir versus no treatment in infants who have
symptomatic congenital CMV infection. Despite differ-
ential loss to follow-up rates, the data suggested that gan-
ciclovir may prevent hearing deterioration at 6 months
and may prevent hearing deterioration at ‡1 year, as mea-
sured by brainstem-evoked response.

In 2010, Amir et al published a retrospective case se-
ries of 23 infants with symptomatic congenital CMV in-
fection with central nervous system involvement treated
with 6 weeks of intravenous ganciclovir, followed by
long-term oral valganciclovir to 1 year of age. (12) This
most recent retrospective study suggests that a prolonged
treatment course with the addition of oral valganciclovir
to intravenous ganciclovir may lessen hearing impairment
at 1 year of age when compared with intravenous ganci-
clovir alone. A phase III, randomized, placebo-controlled
blinded investigation for safety and efficacy comparing
a 6-week course to a 6-month course of oral valganciclo-
vir is in progress (ClinicalTrials.gov: NCT00466817).

Vaccines
Given the ubiquitous nature of CMV and the potentially
devastating neurodevelopmental consequences of con-
genital infection, development of a CMV vaccine is a high
priority. The first human study of a CMV vaccine was com-
pleted in the 1970s using the laboratory strain AD169 to
make a live, attenuated vaccine. Although study partici-
pants produced CMV-specific antibody, this CMV strain
was highly weakened in its virulence (attenuated), and as
a result was not sufficiently immunogenic to be an effec-
tive vaccine candidate.

The next live, attenuated strain studied was the CMV
Towne strain. Efficacy studies have been completed in re-
nal transplant candidates and healthy CMV-seronegative
adult men. Similar to the AD169 vaccine, the immune
response was inadequate when challenged with the
naturally occurring CMV Toledo strain. This vaccine
prevented infection after a low-dose Toledo strain chal-
lenge, but did not prevent infection during a high-dose
challenge.

Work is ongoing on development of subunit vaccines
against several viral proteins. The viral protein that has been
most studied is glycoprotein gB, the gene product of the
CMV UL55 gene. This protein is the target of neutraliz-
ing antibodies occurring after natural infection. Initial
safety studies in both adults and toddlers are reassuring,
and a phase III efficacy study is ongoing in seronegative
women of childbearing age. Other viral proteins under in-
vestigation as potential vaccine targets are pp65, pp150,
pp28, pp50/52, and pp71.
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Summary

• Although commonly asymptomatic, congenital CMV
infection is the leading cause of nonhereditary SNHL.
Other sequelae that may be evident only after the
neonatal period can include chorioretinitis,
neurodevelopmental delay with mental or motor
impairment, and microcephaly. (13)

• Congenital CMV infection is confirmed by detection of
the virus in urine, blood, or saliva within the first 3
weeks of life by culture or polymerase chain reaction.
A positive test does not necessarily confirm
symptomatic CMV disease or need for treatment. (13)

• Postnatal CMV infections transmitted through human
milk have been reported and may be clinically relevant
in extremely premature infants; however, the risk-
benefit ratio of pasteurizing human milk for the
prevention of postnatal CMV infection is unclear.

• Ganciclovir, valganciclovir, foscarnet, cidofovir, and
CMV hyperimmune globulin are effective in treating
or preventing CMV infections in the
immunocompromised host, but require close
monitoring for associated toxicities. Treatment for
congenital CMV is associated with significant toxicity
and uncertain effectiveness.

• Based on strong evidence, anticipatory guidance for
congenital CMV infection should include hearing tests
and neurodevelopmental assessments until school age.
(3) In patients with symptomatic congenital CMV
infection, lifelong ophthalmologic screening should
be included. (4)

• Based primarily on consensus, owing to lack of
relevant clinical studies, it is not recommended to
withhold human milk produced by CMV-seropositive
mothers from healthy term infants. (5)(6)

• Based on some research evidence, as well as consensus,
treatment for congenital CMV is recommended only in
symptomatic infants with central nervous system
involvement. (9)
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PIR Quiz
This quiz is available online at http://www.pedsinreview.aappublications.org. NOTE: Since January, learners can take
Pediatrics in Review quizzes and claim credit online only. No paper answer form will be printed in the journal.

New Minimum Performance Level Requirements
Per the 2010 revision of the American Medical Association (AMA) Physician’s Recognition Award (PRA) and credit system,
a minimum performance level must be established on enduring material and journal-based CME activities that are certified for AMA
PRA Category 1 CreditTM. In order to successfully complete 2012 Pediatrics in Review articles for AMA PRA Category 1 CreditTM,
learners must demonstrate a minimum performance level of 60% or higher on this assessment, which measures achievement of the
educational purpose and/or objectives of this activity.

Starting with 2012 Pediatrics in Review, AMA PRA Category 1 CreditTM can be claimed only if 60% or more of the questions are
answered correctly. If you score less than 60% on the assessment, you will be given additional opportunities to answer questions
until an overall 60% or greater score is achieved.

1. The mother of one of your patients has recently started work at a day care center. She is known to be
CMV-seronegative and is thinking about having more children. She asks you about the likelihood of contracting
CMV over the next year. Of the following, the most accurate estimate of her risk of CMV infection per year is:

A. 2%.
B. 10%.
C. 35%.
D. 50%.
E. 75%.

2. Of the following, which is the best explanation for avoiding recommendation of routine CMV testing during
pregnancy?

A. Complications of intrauterine CMV infection are rare.
B. Medical therapy of intrauterine CMV is highly toxic to the mother.
C. Most intrauterine CMV infections do not result in symptomatic disease.
D. No reliable diagnostic test for CMV in utero exists.
E. The virus is not secreted into the amniotic fluid.

3. Of the following, which is the most common complication of congenital CMV infection?

A. Cholestasis.
B. Chorioretinitis.
C. Hearing loss.
D. Hypotonia.
E. Thrombocytopenia.

4. A 3-year-old girl receives a cadaveric liver transplant for biliary atresia. She is placed on systemic
immunosuppression with corticosteroids and tacrolimus. Of the following situations, which places her at
the highest risk of CMV infection posttransplantation?

A. The organ donor is CMV antibody–negative, the recipient is CMV antibody–negative.
B. The organ donor is CMV antibody–negative, the recipient is CMV antibody–positive.
C. The organ donor is CMV antibody–positive, the recipient is CMV antibody–negative.
D. The organ donor is CMV antibody–positive, the recipient is CMV antibody–positive.
E. The above scenarios all have a similar risk of CMV transmission.

5. Of the following therapies for CMV, which carries the lowest risk of myelosuppression?

A. Cidofovir.
B. Foscarnet.
C. Gancyclovir.
D. Immunoglobulin.
E. Valgancyclovir.
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Educational Gap

The American Academy of Neurology published a practice parameter in 2003 outlining

treatment recommendations for Guillain-Barré syndrome. The recommendations were

based on strong data in adults and were extrapolated to children because no well-designed

randomized studies have been done in children.

Objectives After completing this article, readers should be able to:

1. Understand the common causes of acute weakness and paralysis in children.

2. Understand the presenting features of Guillain-Barré syndrome in children.

3. Understand how to rule out other potentially dangerous and treatable causes of

weakness and paralysis in children.

4. Understand the management of the child with Guillain-Barré syndrome.

Definition
Guillain-Barré syndrome (GBS) is an acquired disorder of the peripheral nerves, described
best as a polyradiculoneuropathy. With the widespread eradication of poliomyelitis, GBS is
the most common cause of acute and subacute flaccid paralysis in infants and children. The
disorder is characterized by progressive, symmetrical, usually ascending weakness, and di-
minished or absent reflexes. Diffuse pain also is a common presenting feature in many chil-
dren with GBS, at times delaying accurate diagnosis. GBS was thought previously to be an
inflammatory disorder that affected only the myelin sheath, resulting in diffuse demyelin-
ation. However, it is now recognized that the process can also attack the axon, leading to
degeneration of the nerve itself.

Epidemiology
GBS occurs year round and in all age groups. Adults are affected more commonly than
children. Some studies suggest that males are more likely to be affected than females.
The overall incidence has been estimated to range from 0.4 to 2.4 cases per 100,000
per year, with 3,500 new cases per year occurring in the United States. The incidence
in children is lower, with estimates between 0.4 and 1.3 cases per 100,000 per year.

GBS can occur at any age but is rare in children under
the age of 2 years.

Pathogenesis
GBS was long considered a single disorder, acute inflamma-
tory demyelinating polyradiculoneuropathy (AIDP), in
which the target is the myelin sheath. This variant of GBS
remains the most common form seen in the United States
and Europe. However, it has become clear that there are
phenotypically similar disorders, acute motor axonal neurop-
athy (AMAN) and acute motor and sensory axonal neurop-
athy (AMSAN), in which the target is the axon itself, rather
than the myelin sheath. AMAN is the predominant form
seen in children in China and South America. In addition

Abbreviations

AIDP: acute inflammatory demyelinating
polyneuropathy

AMAN: acute motor axonal neuropathy
AMSAN: acute motor and sensory axonal neuropathy
CSF: cerebrospinal fluid
GBS: Guillain-Barré syndrome
IgG: immunoglobulin G
IVIG: intravenous immunoglobulin
MFS: Miller-Fisher syndrome
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there are other variants considered to fall under the cat-
egory of GBS, the most common of which is the Miller-
Fisher syndrome (MFS), a disorder characterized by
ophthalmoplegia, ataxia, and areflexia, usually with little
to no weakness.

The pathogenesis of GBS is believed to be an abnor-
mal immune response to an antecedent event, most com-
monly an infection. Approximately two-thirds of patients
report a respiratory or gastrointestinal illness in the weeks
preceding onset of symptoms. Many viruses and bacteria
have been implicated, including cytomegalovirus, Epstein-
Barr virus, Haemophilus influenzae, herpes simplex virus,
and Mycoplasma. The strongest association is with the
bacterium Campylobacter jejuni, which is believed to
be the cause of 20% to 30% of GBS in the United States
and Europe and a higher percentage of the AMAN cases
seen in China and South America.

Vaccines also have been implicated as a triggering fac-
tor. Some evidence suggests that the “swine flu” vaccine
used in the 1976 influenza season led to an increased in-
cidence of GBS. There are no data linking other vaccines,
including diphtheria-tetanus-acellular pertussis and
measles-mumps-rubella, to GBS. In 2005, the Food
and Drug Administration issued an advisory about the
possible association between the MCV4 meningococcal
vaccine and GBS and recommended that the vaccine
not be given to adolescents or adults with a history of
GBS. However, the 2009 Red Book published by the
American Academy of Pediatrics says “the available data
cannot determine with certainty whether MCV4 in-
creases the risk for GBS and do not affect immunization
recommendations”. (1)

Rarely, GBS can be the presenting manifestation of
lymphoma or systemic lupus erythematosus or can deve-
lop during the course of lymphoma or systemic lupus.

Pathophysiology
The pathophysiology of GBS is not completely under-
stood. Both cellular and immune functions are involved.
It is believed that, in a type of molecular mimicry, anti-
bodies that form in response to antigens on the causative
agent, usually a bacterium or virus, cross-react with gan-
gliosides on the surface of the peripheral nerve. Antiganglio-
side antibodies, most commonly GM1, occur frequently in
GBS. Some appear to target the myelin sheath, others,
the nodes of Ranvier and the axon. The presence of anti-
bodies to GM1 ganglioside is particularly common when
GBS follows infection by C jejuni. The strongest connec-
tion with antiganglioside antibodies is found in the MFS,
in which antibodies to G1QB ganglioside are found in
>90% of patients who have this disorder. The nerves that

innervate the extraocular muscles are enriched with
G1QB ganglioside, which explains why ophthalmoplegia
is the hallmark of this disorder.

Clinical Aspects
GBS is a triphasic illness characterized by an acute phase,
a plateau phase of variable length, and a recovery phase
that can take weeks to months. Initial symptoms usually
present between 1 and 4 weeks after a respiratory or di-
arrheal illness.

The first phase is characterized by the onset and pro-
gression of symptoms. This phase can last from hours to
weeks. The usual presenting concern is weakness that
may manifest as a disturbance of gait such as refusal to
walk, walking on a wide base, or difficulty with running
or climbing stairs. The gait disturbance, although usually
interpreted initially to be ataxia and therefore thought to
represent central nervous system disease, usually is caused
by weakness rather than cerebellar dysfunction. Vague
paresthesias often are described. Significant, poorly local-
ized pain is common, which can cause delay in diagnosis,
because the child may be difficult to examine; early find-
ings may be subtle, and pain is not commonly known to
be associated with GBS.

As is typical in a peripheral neuropathy, weakness usu-
ally begins distally in the legs and ascends, at times rapidly,
to involve the arms, face, and muscles of respiration. The
weakness usually is accompanied by diminished or absent
reflexes early in the course. Less commonly, weakness be-
gins in the proximal muscles, a pattern that can lead to an
incorrect diagnosis of myositis. Cranial nerve abnormalities
are frequent, occurring in up to 50% of patients in some
case studies. The facial nerve is the most commonly af-
fected cranial nerve, and the weakness often is bilateral.
Papilledema is a rarely reported finding in GBS and repre-
sents increased intracranial pressure of unclear etiology.
Pupillary abnormalities are rare and should lead to consid-
eration of another diagnosis, such as botulism.

Autonomic instability, including cardiac dysrhythmias,
orthostatic hypotension, hypertension, paralytic ileus, and
transient bladder dysfunction, is common and can occur
anytime during the illness. Patients must be monitored
closely for autonomic instability because it can be life
threatening.

The acute illness usually peaks in severity 2 weeks after
onset.

One recent study highlighted the course of 95 chil-
dren with GBS in a prospective study. (2) Most study par-
ticipants had AIDP, the demyelinating form of GBS. The
disease progressed to a peak in a median of 7 days. At the
peak, 40% were still able to ambulate, one-half of them
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without assistance and one-half with assistance. Upper
extremity function was abnormal in 76%, and 9% had
no movement at all. Forty-three percent had cranial nerve
weakness, and 13% required mechanical ventilation. An
additional 18% were considered to have respiratory com-
promise. Fifty-one percent had a least one type of auto-
nomic dysfunction, and 79% reported pain (Table 1).

Patients who had AMAN and AMSAN usually present
in a similar fashion to the more common AIDP, with the
addition of sensory symptoms in AMSAN. MFS presents
with external ophthalmoplegia, ataxia, and areflexia with-
out significant weakness. The first symptom in this disor-
der usually is diplopia, which progresses to clear paralysis
of extraocular movements. The ataxia inMFS is not a pure
cerebellar ataxia, although cerebellar circuits are almost
certainly involved. Peripheral sensory nerves rather than
motor nerves are affected predominately in this syn-
drome, leading to a “sensory ataxia.” In this case, it is
the loss of proprioception that leads to a widely based,
unsteady gait.

Differential Diagnosis
The differential diagnosis of GBS is extensive (Table 2).
The most important disorders to exclude are tick paraly-
sis, botulism, transverse myelitis, and a compressive spinal
cord lesion, because these treatable diseases have presen-
tations that mimic GBS.

Tick paralysis is an acute peripheral neuropathy caused
by a species of the Dermacentor tick in the United States
and the tick Ixodes holocyclus in Australia. Patients can
present with acute ataxia or ascending paralysis or both.
Onset is usually more rapid than seen with GBS. Treat-
ment involves removal of the offending tick, and recovery
is usually complete. A careful examination is important,
especially in children with long or thick hair, in whom
finding a tick can be challenging.

Infant botulism is a disorder of neuromuscular trans-
mission caused by colonization of the bowel by botuli-
num spores found in food or soil. It is predominately a
disorder of infants <1 year of age, an age group in which
GBS is rare. Much less frequently, botulism can be caused
by botulinum toxin in food or wounds, usually in older
individuals. Mild cases also have been seen in children re-
ceiving botulinum toxin for spasticity. Botulism differs
from GBS in that it is usually a descending rather than
ascending paralysis, beginning with the cranial nerves.
Pupillary abnormalities and bulbar symptoms, such as
chewing and swallowing difficulties, are common. If this
disorder is suspected, treatment is available in the form of
botulism immune globulin. Untreated patients can deve-
lop severe respiratory compromise; so treatment must be
started before laboratory confirmation.

An acute disorder of the spinal cord can be confused
with GBS, especially because reflexes may be absent in an
acute spinal cord lesion. Transverse myelitis, secondary to

Table 1. Signs and Symptoms of Guillain-Barré Syndrome in a Prospective
Study of 95 Patients

At Presentation At Diagnosis At Peak of Illness

Symmetrical weakness 100%
Hyporeflexia or absent reflexes 100%
Gait abnormality Unsteadiness of

gait: 45%
Inability to walk
unaided: 60%

Inability to walk
unaided: 80%

Inability to walk
unaided: 24%

Pain 34% >30% 79%
Dysesthesias 4%
Cranial nerve dysfunction Diplopia: 3% 27% 46%

Facial weakness: 2%
Autonomic nervous system
dysfunction

33% 51%

Upper extremity weakness 74%
Respiratory compromise 20% 13% intubated D

18% other respiratory
compromise

Table constructed with data from: Korinthinberg R, Schessl J, Kirschner J. Clinical presentation and course of childhood Guillain-Barré syndrome:
a prospective multicentre study. Neuropediatrics. 2007;38:10–17. Published with permission from Georg Thieme Verlag KG.
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an infectious or autoimmune disorder, and spinal cord
compression are the most common causes of acute spinal
cord dysfunction. It is very important to distinguish these
disorders from GBS because early corticosteroid treat-
ment may improve outcome in transverse myelitis, and
a compressive myelopathy often is a surgical emergency.

Several features distinguish a spinal cord lesion from
GBS, although these characteristics may be difficult to ap-
preciate in a young child. These findings include persistent
localized back pain, asymmetric weakness, a discrete sen-
sory level, and bladder dysfunction. Any suspicion of a spi-
nal cord disorder should lead to emergency imaging of the
spine (Table 3).

A central nervous system disorder such as acute cere-
bellar ataxia caused by cerebellitis is in the differential di-
agnosis, but strength and reflexes often are preserved.
Myasthenia gravis, a disorder of neuromuscular transmis-
sion, is another cause of acute weakness, but the findings
of ptosis and fluctuating weakness distinguish this disease
from GBS.

Poliomyelitis, an infectious disorder of the anterior
horn cell, can mimic GBS. However poliomyelitis is usu-
ally accompanied by fever and meningismus, which are

unusual findings in GBS. Lyme polyradiculitis can also
be confused with GBS, but is rarely seen as a feature of
Lyme disease in the United States. Diphtheria and other
toxic, infectious, and metabolic neuropathies are in the
differential diagnosis, but are much less common.

Laboratory Tests
The diagnosis of GBS is made on clinical grounds. Lab-
oratory tests can be confirmatory early in the course, but
treatment never should be delayed awaiting results, espe-
cially because early in the course test results may be
normal.

Cerebrospinal fluid (CSF) evaluation and electromy-
ography are the two laboratory tests most useful in con-
firming the diagnosis of GBS. MRI of the spine with
gadolinium can be useful as an adjunctive test if the
diagnosis is in question or if electromyography is not
available.

The typical CSF finding in GBS is elevated protein
level without an elevated cell count (albuminocytologic
dissociation). Protein concentration usually is normal in
the first few days of the illness and begins to rise by
the end of the first week, peaking in 4 to 6 weeks. In most
cases, the CSF has <10 cells per mm3, all lymphocytes.
Greater than 50 leukocytes per mm3 in the CSF should
lead to consideration of other diagnoses, although this
finding does not absolutely rule out GBS.

Early in the course of the disease, electromyography
findings may be normal or minimal, such as absent F re-
sponses. Later in the course of AIDP, there are findings
of prolonged distal latencies, conduction velocity slow-
ing, and evidence of conduction block, which are all signs
of demyelination. In the axonal forms (AMAN, AMSAN,

Table 2. Differential Diagnosis of
Guillain-Barré Syndrome

Central nervous system
• Hysterical paralysis

Cerebellum
• Acute cerebellar ataxia

Spinal cord
• Transverse myelitis
• Spinal cord compression

Anterior horn cell
• Poliomyelitis

Peripheral nerves
• Tick paralysis (United States)
• Toxic neuropathy
• Diphtheria
• Porphyria

Neuromuscular junction
• Botulism
• Myasthenia gravis
• Tick paralysis (Australia)
• Neuromuscular blocking agents

Muscle
• Viral myositis
• Inflammatory myopathies
• Metabolic myopathies

Table 3. Factors That Cast Doubt
on Diagnosis of Guillain-Barré
Syndrome

• Marked persistent asymmetry of motor function
• Persistent bowel or bladder dysfunction
• Discrete sensory level
• Cerebrospinal fluid pleocytosis > 50 cells/mm3

• Ptosis
• Pupillary abnormalities
• Prominent bulbar signs
• Descending weakness

Reprinted with permission from Asbury AK, Cornblath DR.
Assessment of current diagnostic criteria for Guillain-Barré syndrome.
Ann Neurol. 1990; 27(suppl):S22.
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andMFS), there is reduced amplitude of compound action
potentials without conduction slowing or prolongation of
distal latencies, which is the characteristic finding in axo-
nal injury.

The typical MRI finding in GBS is gadolinium en-
hancement of the spinal nerve roots.

Asbury originally wrote a summary of criteria for GBS
in 1978, which was modified by Asbury and Cornblath in
1990 (Table 4). (3)

Management
Treatment of GBS, including the use of intravenous im-
munoglobulin (IVIG) as described below, should begin
as soon as the diagnosis is determined clinically.

The most important aspect of treatment in the child
with GBS is supportive care. All children with GBS re-
quire hospital admission until their course has stabilized.
Those who have flaccid quadriparesis, a rapidly progressive
course, vital capacity at or below 50% of expected (<20
mL/kg), bulbar palsy, or autonomic instability should
be monitored in an intensive care unit setting (Table 5).

Close attention must be paid to pain management,
nutrition, and psychosocial needs. Rehabilitation should
begin as soon as diagnosis is made to prevent contractures
and skin breakdown and to restore function.

The American Academy of Neurology published a prac-
tice parameter in 2003 outlining treatment recommendations
for GBS. (4) The recommendations were based on strong
data in adults and were extrapolated to children because
no well-designed randomized studies have been done in
children.

The practice parameter stated that there was good ev-
idence in adults that both plasma exchange, started within
4 weeks of symptoms, and IVIG started within 2 weeks of
symptoms hastened recovery in patients who were unable
to walk independently. There was no additional benefit
from the use of plasma exchange and IVIG together.

Because of the technical difficulty of the use of plasma
exchange in children, IVIG has become the treatment of
choice. The recommendation has been to treat those chil-
dren who are nonambulatory with 2 g/kg total of IVIG
in equally divided daily doses over 2 to 5 days. Common
adverse effects of IVIG include fever, myalgia, headache,
chills, nausea, and vomiting. Hypersensitivity and ana-
phylactoid reactions can occur. A full list of adverse effects
is included in the 2009 Red Book. (5)

For children who remain ambulatory or for those chil-
dren whose course has stabilized, only supportive treat-
ment is recommended. Of course, every case must be
considered individually, and many child neurologists
would recommend treatment in any patient who has
been diagnosed as having GBS, especially if there is bul-
bar weakness or respiratory compromise, even in the
plateau phase.

Korinthenberg et al, in 2005, by using some of the pa-
tients included in the previously mentioned study, at-
tempted to answer two questions about the benefits of
IVIG use in children: (1) “Can early treatment with IVIG
before the loss of unaided walking reduce the subsequent
severity of the disease?” (2) “After the loss of unaided
walking, does treatment with 1 g/kg per day body
weight IVIG over 2 days result in faster recovery of

Table 4. Diagnostic Features of
Guillain-Barré Syndrome

Features required for diagnosis
• Progressive motor weakness of more than one limb
• Areflexia or marked hyporeflexia

Features strongly supportive of the diagnosis
• Progression over days to < 4 weeks
• Relative symmetry
• Pain, often significant, at onset
• Mild sensory symptoms or signs
• Cranial nerve involvement
• Autonomic dysfunction
• Absence of fever at onset of symptoms
• Onset of recovery 2–4 weeks after onset of plateau

phase

Laboratory features
• Elevated cerebrospinal fluid protein level after one

week of symptoms
• <10 leukocytes in cerebrospinal fluid
• Slowed conduction or conduction block on
electromyography

Modified with permission from Asbury, AK, Cornblath, DR.
Assessment of current diagnostic criteria for Guillain-Barré syndrome.
Ann Neurol. 1990;7(suppl 1):S22.

Table 5. Indications for ICU
Monitoring

• Flaccid quadriparesis
• Rapidly progressing weakness
• Vital capacity < or [ 20 mL/kg
• Bulbar palsy
• Autonomic cardiovascular dysfunction

Reproduced from Agrawal S, Peake D, Whitehouse WP. Management
of children with Guillain-Barré syndrome. Arch Dis Child Pract Ed.
2007;92:164 with permission from BMJ Publishing Group Ltd.
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168 Pediatrics in Review Vol.33 No.4 April 2012

 at Health Internetwork on April 3, 2012http://pedsinreview.aappublications.org/Downloaded from 

http://pedsinreview.aappublications.org/


unaided walking than treatment with 0.4 mg/kg per day
body weight over 5 days?” (6)

The authors could not answer the first question be-
cause the early treatment group consisted of only 21 chil-
dren, 14 of whom were randomized to the treatment
group. Of the seven in the non-treatment group, 4 be-
came unable to walk and were randomized into the late
treatment group, leaving only 3 children untreated.

In the late treatment group, the time to regain inde-
pendent walking did not differ between the 2-day and 5-
day regimens. However, patients in the 2-day regimen
had a higher rate of early transient relapses that was sta-
tistically significant (P ¼ .049); but the extent of the de-
terioration and the time to recovery were not described.
Both regimens continue to be used.

A recent retrospective study looked at immunoglobu-
lin G (IgG) levels in adults with GBS after treatment with
IVIG and found a correlation with IgG levels and recov-
ery time, suggesting that some patients may need higher
or additional doses. (7) Although this finding needs to be
replicated in a prospective study, the implications should
be kept in mind if treating a patient who does not seem to
be responding to treatment.

Corticosteroids have been tested extensively in adult
GBS and are not indicated.

Course and Prognosis
The prognosis for childhood GBS generally is excellent.
This outcome is quite different from adults, in whom
morbidity and mortality are considerably higher, and se-
verity of disease is correlated with outcome.

Although treatment with IVIG is believed to hasten
recovery, and thus reduce complications associated with
prolonged disability, IVIG therapy is not felt to influence
ultimate outcome. Older studies in children report full re-
covery within 6 to 12 months, with the majority of those
who do not recover fully having only mild disabilities.

In the study cited above, improvement was noted first at
a median of 11 days, ability to walk unaided returned in a
median of 43 days, and 75% became symptom free in a me-
dian of 106 days. (2) Sensory disturbances, early fatigability,
and dyscoordination remained a problem for some.

Another study looked at 47 children 2 years after re-
covery from GBS. (8) On detailed examination, 46% had
some residual neurologic findings, including 27% with
decreased or absent deep tendon reflexes and 15% with
sensory disturbances. Twenty-three percent had mild
weakness in at least one muscle group. In this study, youn-
ger age and rapid progression correlated with long-term
weakness, but this has not been a consistent finding in

other studies of childhood GBS. Most importantly, how-
ever, no child tested had any functional disability.
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PIR Quiz
This quiz is available online at http://www.pedsinreview.aappublications.org. NOTE: Since January, learners can take
Pediatrics in Review quizzes and claim credit online only. No paper answer form will be printed in the journal.

New Minimum Performance Level Requirements
Per the 2010 revision of the American Medical Association (AMA) Physician’s Recognition Award (PRA) and credit system,
a minimum performance level must be established on enduring material and journal-based CME activities that are certified for AMA
PRA Category 1 CreditTM. In order to successfully complete 2012 Pediatrics in Review articles for AMA PRA Category 1 CreditTM,
learners must demonstrate a minimum performance level of 60% or higher on this assessment, which measures achievement of the
educational purpose and/or objectives of this activity.

Starting with 2012 Pediatrics in Review, AMA PRA Category 1 CreditTM be claimed only if 60% or more of the questions are
answered correctly. If you score less than 60% on the assessment, you will be given additional opportunities to answer questions
until an overall 60% or greater score is achieved.

1. A 7-year-old presents to your clinic after three days of worsening, unsteady gait. Among the following, the
finding most typical of Guillain-Barré syndrome is:

A. Absent deep tendon reflexes.
B. Papilledema.
C. Proximal weakness.
D. Ptosis.
E. Sluggish pupils.

2. You are rounding on your 12-year-old patient, hospitalized in the ICU for Guillain-Barré syndrome. Among the
following, the complication MOST likely to result from her Guillain-Barré syndrome is:

A. Autonomic instability.
B. Deep venous thrombosis.
C. Diarrhea.
D. Nephrolithiasis.
E. Sepsis.
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3. Which of the following characterizes infant botulism rather than Guillain-Barré syndrome?

A. Age >1 year.
B. Areflexia.
C. Ascending paralysis.
D. Pupillary abnormalities.
E. Respiratory failure.

4. A 10-year-old boy is diagnosed as having Guillain-Barré syndrome after a week of wobbly gait that has now
plateaued. He has remained ambulatory throughout his illness, with minimal if any assistance required. At no
point has there been any evidence of bulbar weakness or respiratory compromise. Of the following therapies, an
appropriate treatment having the lowest potential for adverse effects would be:

A. Ceftriaxone.
B. Intravenous immunoglobulin.
C. Mechanical ventilation.
D. Plasma exchange.
E. Supportive care.

5. An 8-year-old girl presents to the emergency department for a history of falling and progressive gait ataxia for
at least a week. Among the following, the finding most specific in the cerebrospinal fluid for a diagnosis of
Guillain-Barré syndrome is:

A. Glucose 15 mg/dL.
B. Protein 72 mg/dL.
C. 5 red blood cells/mL.
D. 53 leukocytes/mL.
E. 62 lymphocytes/mL.

Condolences

The staff of Pediatrics in Review would like to express our sorrow at the February 17, 2012,

death of Dr. Donald Lewis, a highly respected colleague and valuable member of this editorial

board. An article co-authored by Dr. Lewis will appear in the May issue.
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The reader is encouraged to write
possible diagnoses for each case before
turning to the discussion.
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Survival Analysis
Julia Kim, MD, MPH*

Case Study
You have referred a 6-year-old white
girl to hematology/oncology for evalu-
ation of bone pain, hepatosplenome-
galy, and leukocytosis (white cell
count of 20,000/mL with 80% blasts),
and her diagnosis has been confirmed
as acute lymphoblastic leukemia. She
has received induction chemotherapy
for 28 days, after which time her bone
marrow analysis reveals the presence of
1% blasts, indicating the presence of
minimal residual disease. Her mother
has called and is concerned about her
chances of relapse and survival, given
these results.

Your PubMed search has identified
an article by Borowitz et al (1) from
2008, entitled “Clinical significance
of minimal residual disease in child-
hood acute lymphoblastic leukemia and
its relationship to other prognostic factors:
a Children’s Oncology Group study.”

Introduction
Performing a survival analysis allows
you to investigate factors that con-
tribute to an outcome over time. Sur-
vival analysis can answer questions
such as: What proportion of patients
will survive past a certain period of
time? Of those who have not yet ex-
perienced an event, what is the rate
of failure or event occurrence? Which
treatment is more effective in pro-
longing life or reducing the duration
of symptoms of disease? This article
will describe the key components of
a survival analysis and will review
the interpretation of survival analysis,
including Kaplan-Meier (KM) curves
and Cox proportional hazard regres-
sion analysis.

Survival Analysis
Advantages of survival analysis in-
clude the following: (1) events can
be studied over time; (2) both the
timing and occurrence of events can
be studied; (3) patients do not need
to be enrolled at the same time or
have the same duration of follow-
up; and (4) patients who are lost to
follow-up can still contribute to the
study.

In many cases, death or failure is
considered an outcome event, but
a survival analysis event also can refer
to disease recurrence, recovery, or
any other discrete outcome of interest
with a known time of occurrence. The
authors of pediatric studies use survival
analysis to review outcomes such as
time to immunizations being up-to-
date or the effect of antibiotics on de-
creasing the duration of symptoms.

Censoring is needed when the
value of a measurement or obser-
vation is missing or only partially
known, which can be common in
survival analysis. Censored observa-
tions occur when individuals drop
out or are lost to follow-up during
the study before experiencing an
event. These patients still have their
survival time included in the analysis,
and this partially observed time-to-
event is called censoring time. Cen-
soring also occurs at the end of
a study among patients who are still
alive or event-free.

Due to censoring, usual methods
of analysis cannot be applied to sur-
vival data. Although time is a contin-
uous variable, survival analysis also
requires different analytic techniques,
because survival time usually does not
have a normal distribution.

KM Analysis
The KM analysis is the method
used most commonly to estimate

Abbreviations

KM: Kaplan-Meier
MRD: minimal residual disease
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the survival function or the probabil-
ity of experiencing an event after
a given time point.

A KM analysis assumes that (1)
the exact point in time at which each
event occurs is known and (2) cen-
soring is independent of the event
rate. For example, if the outcome
of interest is time to death, then
a KM analysis assumes that patients
do not drop out of the study because
they are sick and have an increased
risk for death.

The KM curve begins with the en-
tire study population and then reveals
the percentage still surviving over
time. A horizontal line represents
a time period that is free of events.
When an event of interest occurs,

the line drops by an interval and then
continues along another horizontal
line or event-free period of time
(Fig). Sometimes a horizontal line
will include notches or tic marks,
which indicate censoring times. The
overall survival rate is the product
of the survival rates of the individual
horizontal line time segments. Confi-
dence intervals can be drawn around
the survival curves to indicate the
precision of the estimated probability
of survival. Over time, as fewer pa-
tients remain in the study, this esti-
mate becomes imprecise.

The log-rank test is used to com-
pare two or more KM survival curves.
It tests the null hypothesis that there
is no difference between the survival

curves or that the risk of an event
over time is the same for the two
groups. A P value is provided, indi-
cating the probability of obtaining
results as large or larger than those
observed, by chance alone, if the null
hypothesis is true.

What is the probability that an
event, such as relapse, will occur in
the next 5 years? From the article se-
lected, the KM curve (Fig) reveals that
the probability of event-free survival
after 5 years is 88–1% for patients with-
out minimal residual disease (MRD),
compared with 49–6% for patients with
MRD of 1%. The log rank test reveals
a P value of <.0001, indicating a sta-
tistically significant difference between
each of these survival curves.

Cox Proportional Hazards
Analysis
The Cox proportional hazards analy-
sis is a survival curve analysis that can
account for multiple variables, similar
to a multiple regression analysis. The
Cox proportional hazards analysis
can adjust for differences between
the groups at baseline, so that the re-
sults reveal the difference in outcome
as if the two groups had similar risk
factors at the beginning of the study.
Results are reported as a hazard ratio,
which is the relative risk over the
entire study period that is weighted
for the number of patients available
throughout the study. Relative risk
ratios do not account for time when
comparing the proportion of events
between groups, whereas hazard ratios
include data from the entire survival
curve over time. The assumption of
this model is that the population haz-
ard ratio is constant over time.

What is the relative risk (relative
hazard) of relapse for patients with
MRD compared with patients without
MRD, given that they have otherwise
comparable risk factors? The Cox mul-
tivariate analysis in our article revealed
a statistically significant hazard ratio

Figure. Event-free survival (EFS) of patients receiving therapy for acute lymphoblastic
leukemia with bone marrow results at the end of induction therapy (day 29) to test
for minimal residual disease (MRD). The 5-year EFS values and standard errors are
shown for patients with varying levels of MRD. The outcome of those with high levels
of MRD is very poor, but even those with 0.01% to 0.1% have only a 59% – 5%
5-year EFS. � American Society of Hematology. Reproduced with permission from
Borowitz MJ, Devidas M, Hunger S, et al. Clinical significance of minimal residual
disease in childhood acute lymphoblastic leukemia and its relationship to other prognostic
factors: a Children’s Oncology Group study. Blood. 2008;111(12):5477–5485.
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of 4.31 (P<.001) for patients with day
29 MRD, similar to our patient. Pa-
tients with MRD at day 29 have a
4.3 times increased risk for relapse com-
pared with patients without MRD at
day 29, after adjusting for age, leuko-
cyte count, genetic factors, and day 8
bone marrow results.

Case Study Conclusions
You have discussed the patient’s situ-
ation with the pediatric oncologist.
Although the patient has some prog-
nostic factors in her favor (she is <10
years of age, and her initial white

blood cell count was <50,000/ml),
you discuss the presence of MRD in
her day 29 bone marrow aspirate.
Based on the survival analysis in
the Borowitz article, the presence
of blasts after receiving induction
therapy confers an increased risk for
relapse, up to four times increased risk
compared with patients without blasts.
An alternative treatment regimen may
be required to cure this patient.
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The reader is encouraged to write
possible diagnoses for each case before
turning to the discussion.

The editors and staff of Pediatrics in

Review find themselves in the

fortunate position of having too many

submissions for the Index of Suspicion

column. Our publication slots for Index

of Suspicion are filled through 2013.

Because we do not think it is fair to

delay publication longer than that, we

have decided not to accept new cases

for the present. We will make an

announcement in Pediatrics in Review

when we resume accepting new cases.

We apologize for having to take this

step, but we wish to be fair to all

authors. We are grateful for your

interest in the journal.
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Case 1: Abdominal Pain, Fever, and Cough
in a 3-year-old Boy

Case 2: Emesis, Irritability in 9-year-old Boy Who Has
Autism

Case 3: Skin Lesions and Pulmonary Nodules
in a 17-year-old Boy

Case 1 Presentation
A mother brings her 3-year-old son
to the emergency department (ED)
for 1 day of abdominal pain and sub-
jective fever. The mother states that
the boy generally is healthy. He has
not had any nausea, vomiting, or di-
arrhea, but he has been eating less
than normal and has been consti-
pated for 3 days. He coughs occa-
sionally but does not have shortness
of breath. He was treated 3 days
ago for right otitis media with high-
dose amoxicillin at another ED. His
immunization status does not meet
the recommended standards.

On physical examination, the boy
cries and actively tries to get away
from the physician assistant, but he
is consoled easily by his mother when
the examination is finished. While
crying and fighting, his temperature
is 98.2°F, his heart rate is 156 beats
per minute, his respirations are 24
breaths per minute, and his oxygen
saturation is 97% in room air. His
ear, nose, and throat examination is
notable only for opaque and slightly
erythematous tympanic membranes.
Respiratory and cardiac findings are
normal. His bowel sounds are hypo-
active, his abdomen is soft, and he
withdraws with right upper quadrant
palpation. The findings from the rest
of his examination are unremarkable.
An acute abdominal radiologic series
is ordered.

Case 2 Presentation
A 9-year-old autistic boy presents to
the ED with a 3-day history of bilious

emesis and one loose stool with no
visible blood. His mother states that
he has been increasingly irritable, and
his behavior has become more er-
ratic. He has not been wanting to
eat or drink over the past few days
and has had decreased urine output
on the day of presentation. There is
no history of fever, upper respiratory
tract infections, illness contacts, or
travel. He takes no medications and
has not had surgery.

Physical examination results reveal
a well-nourished boy who is agitated
and appears to be in distress. His
temperature is 37.2°C orally, his
pulse is 95 beats per minute, his
blood pressure is 121/76 mm Hg,
his respiratory rate is 20 breaths
per minute, and his oxygen satura-
tion is 96% in room air. He is nonver-
bal but grimaces and moans during
the abdominal examination. He has
decreased bowel sounds with slight
abdominal distention and pain on pal-
pation of the left upper and lower
quadrants. He does not have any re-
bound tenderness or guarding. Rectal
examination is not performed because
he is so agitated.

Laboratory studies reveal a normal
complete blood cell count and meta-
bolic panel. An abdominal radiograph
(Fig 1) and computed tomographic
(CT) scan of the abdomen and pelvis
(Fig 2) reveal the diagnosis.

Case 3 Presentation
A 17-year-old boy presents with
a red, painful “insect bite” on his
leg several days after playing football.
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Within 1 week, he develops inguinal
swelling, fever (temperature: 40°C),
and cough. He is given amoxicillin/
clavulanate, but the cough worsens
and the high fever persists. He is hos-
pitalized for further evaluation and
treatment. At age 13, he had pneu-
monia that resolved with oral antibi-
otics, and he had required a skin graft
at age 10 after being kicked in the
leg. There is no family history of im-
munodeficiency. He resides in south-
ern California and has not traveled or
had exotic pet exposures.

His height is at the 25th percen-
tile, and his weight is at the 50th per-
centile. Vital signs are as follows: blood
pressure is 137/76 mmHg, pulse is
102 beats per minute, temperature
is 36.5oC, and oxygen saturation is

100% in room air. His physical ex-
amination findings are significant for
a 4-cm, swollen, painful erythematous
lesion in the inguinal region and a
few scattered rales and rhonchi on
auscultation.

His white blood cell count is 41 �
103/mL (84% neutrophils, 6% bands,
9% lymphocytes, 1% monocytes),
his serum immunoglobulin (Ig) G
is 2200 mg/dL (normal range: 537–
1682), his IgA is 664 mg/dL (normal
range: 74–261), his IgM is 47 mg/dL
(normal range: 40–195), and his
IgE is 2838 kU/L (normal value:
<114). HIV antibody test results
are negative. Chest radiographs re-
veal a left upper lobe infiltrate and
nodular lesions in the right middle
and lower lobes. Chest CT scan shows
innumerable bilateral pulmonary
nodules, some with cavitations. An
organism is identified in a culture
sample of the inguinal lesion, which
leads to the diagnosis of an underlying
illness.

Case 1 Discussion
The abdominal radiologic series re-
vealed right lower and middle lobe
pneumonia with bilateral parapneu-
monic effusions and a mild ileus (Figs

3 and 4) The patient started treatment
with administration of intravenous
cefotaxime, vancomycin, and main-
tenance fluids. Results of laboratory
studies revealed a white blood cell
count of 6.2 � 103/mL with 19%
segmented neutrophils, 13% banded
neutrophils, 48% lymphocytes, 13%
monocytes, and 1% eosinophils. His
erythrocyte sedimentation rate was
67 mm/h and C-reactive protein level
was 28.2 mg/dL. Blood culture
samples were sent for analysis and
eventually were negative for growth.
Results from a metabolic panel were
normal except for a low bicarbonate
level of 15 mEq/L. Chest CT scan
results confirmed the findings on
radiographs, with the addition of
a small left lower lobe pneumonia,
and revealed the right parapneumonic
effusion as measuring up to 10 mm
(Fig 5).

While the boy was being treated in
the ED, he underwent placement of a
chest tube and was sent to the PICU.
While in the PICU, his condition de-
teriorated, and he underwent a visu-
ally assisted thoracic surgery (VATS)
procedure to clear the parapneumonic
effusions. After this procedure, he be-
came hypotensive and hypo-osmolar
and received a transfusion of packed
red blood cells, repeated infusions of
albumin, and briefly, dopamine. He
spent 2 days on a ventilator in the
PICU and was released to the regu-
lar pediatric ward on the sixth day of
hospitalization. He was discharged
from the hospital 2 days later.

Parapneumonic Effusion
A parapneumonic effusion is defined
as a pleural effusion associated with
a bacterial pneumonia or lung abscess
and is the precursor to empyema. Bac-
terial pneumonia is the most common
cause of pleural effusion in the pediat-
ric population, with an incidence of
w10 cases per 10,000. As many as
50% to 75% of patients admitted to

Figure 1. An abdominal radiograph shows a stepladder appearance of the bowel.

Frequently Used Abbreviations

CGD: chronic granulomatous
disease

CNS: central nervous system
CT: computed tomographic
ED: emergency department
GI: gastrointestinal
Ig: immunoglobulin
VATS: visually assisted thoracic

surgery
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the hospital with the diagnosis of com-
plicated pneumonia have an exudative
effusion. The causative bacteriologic
agent depends on age: Streptococcus
pneumoniae, Staphylococcus aureus,
and group A Streptococcus appear
to be the most common causative
agents in the younger pediatric

population, whereas methicillin-
resistant S aureus is predominant in
older patients. Haemophilus influen-
zae, once a frequent cause, has become
rare owing to use of the vaccine.
Other causative organisms include
Mycoplasma pneumoniae and viruses.
Anaerobic and fungal organisms also

have been implicated in immunocom-
promised patients. The use of antibiot-
ics before diagnosis may prevent
identification of the causative organism.

Diagnosis
The history and physical examination
may not be helpful in determining
diagnosis. Clinical manifestations for
the most part mimic bacterial pneu-
monia; however, patients with pleural
effusion may have persistent fever,
chest pain, splinting, and respiratory
distress. Inflammation of the pleural
space may cause abdominal discom-
fort or pain. The breath sounds are
decreased when there is effusion,
whereas onemay hear bronchial breath
sounds in pneumonia. The differential
diagnosis should include hemothorax,
chylothorax, congestive heart failure,
nephrotic syndrome, and pulmonary
embolism.

The laboratory evaluation should
include a complete blood cell count
with differential count, blood culture
sampling, and levels of lactate dehy-
drogenase. The pleural fluid should
be sent for testing of cell count and
differential, Gram stain and culture,
pH, and levels of protein and glucose.
A standard chest radiograph is the pri-
mary imaging study. Upright views are
necessary to examine the costophrenic
angles. Lateral decubitus views also are
helpful. If a pleural effusion is free
flowing (reactive effusion), it is more
likely to be a less complicated para-
pneumonic process, obviating the
need for surgical intervention. Ultra-
sonography may be useful in iden-
tifying and locating the pleural
effusions; however, chest CT scan
may be required to identify complex
fluid collections and guide interven-
tional or surgical procedures.

Management
Medical care of parapneumonic effu-
sions includes use of antibiotics and
drainage of pleural fluid. Antibiotic

Figure 2. CT scan of the abdomen and pelvis shows a rubber duck–shaped foreign body
at the level of the ileocecal valve.

Figure 3. Posteroanterior radiograph of the chest shows right middle and lower lobe
pneumonia and bilateral pleural effusion.
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choice is based on the results of Gram
stain and culture samples of pleural
fluid, although previous antibiotic
use may cloud the picture. A reason-
able choice is cefuroxime or cefotaxime
combined with clindamycin. Patients
who are seriously ill with impending
respiratory failure or sepsis should
receive vancomycin. The decision to
use clindamycin versus vancomycin de-
pends on the local susceptibility patterns
for S pneumoniae and methicillin-
resistant S aureus. A macrolide should
be added if Mycoplasma is suspected
strongly. The length of treatment de-
pends on the severity of the condition.

Thoracentesis should be considered
for more complicated parapneumonic
effusions, and VATS or thoracotomy
may be required for multiloculated
persistently symptomatic effusions or
empyema. VATS is now the preferred
procedure in children because it is

proven to provide rapid results, less
discomfort, less morbidity, and earlier
hospital discharge. Very few pediatric
patients require thoracotomy. Intra-
pleural fibrinolysis is another option
for treating complicated or multilocu-
lated pleural effusions, and tissue plas-
minogen activator infusions through
the chest tube over a few days may
be attempted.

Lessons for the Clinician

• Abdominal pain may be visceral,
parietal, or referred in origin.

• Referred pain occurs in remote
areas being supplied by the same
dermatome as the causative disease
process; for example, pneumonia
can cause abdominal pain because
of the T9 dermatome nerves shared
by both lungs and abdomen, as
seen in this patient.

• We are reminded that however ad-
vanced the diagnostic studies be-
come, medicine is still both an art
and a science, and a patient may
not always present with “classic”
signs.

(Mike Nesbitt, DSc, PA-C, Brooke
Army Medical Center, Department
of Emergency Medicine, Fort Sam
Houston, TX; Alberto Carranza,
MD, P. Christus Santa Rosa Child-
ren’s Hospital, Emergency Depart-
ment, San Antonio, TX)

Case 2 Discussion
The patient had a small bowel ob-
struction as evidenced by the steplad-
der appearance of the bowel on the
abdominal radiograph (see Fig 1).
CT scan of the abdomen and pelvis
further revealed a radiopaque foreign
body at the level of the ileocecal valve,
which had the shape of a rubber
duck (see Fig 2). On repeat question-
ing, the mother recalled a rubber
duck having been missing from the
patient’s bathtub 9 months ago. The
patient was taken to the operating
room for exploratory laparotomy and
removal of the foreign body. He had
an uneventful postoperative course
and was discharged from the hospital
2 days after initial presentation.

Foreign-body ingestion is seen
most commonly in toddlers but al-
ways must be considered in intellec-
tually disabled children. Frequently,
inanimate objects such as pins, bat-
teries, coins, and toy parts (most of
which are radiopaque) are ingested.
Foreign bodies have difficulty passing
at three different levels along the ali-
mentary tract: 70% remain impacted
at the thoracic inlet, 15% at the lower
esophageal sphincter, and 15% at the
ileocecal valve.

Most ingested foreign bodies pass
through the gastrointestinal (GI)
tract without difficulty once they

Figure 4. Lateral radiograph of the chest shows right middle and lower lobe pneumonia
and bilateral pleural effusion.
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have reached the stomach. In fact,
80% to 90% of ingested foreign bod-
ies pass without incident, and perfo-
ration of the GI tract occurs in <1%
of cases. The terminal ileum, how-
ever, is the narrowest part of the
small intestine, which makes it the
most likely location to retain a for-
eign body. Typically, this retention
should present as pain in the right
lower quadrant; however, this patient
was tender to palpation over his left
upper and lower quadrants. This area
of tenderness may have been due to
dilated loops of bowel proximal to
the obstruction.

Differential Diagnosis
The differential diagnosis for bilious
emesis is broad and includes intesti-
nal atresia and stenosis, malrotation

with or without volvulus, ileus, in-
tussusception, intestinal duplication,
compressing or obstructing mass le-
sion, incarcerated inguinal hernia,
superior mesenteric artery syndrome,
appendicitis, peritoneal adhesions,
bowel obstruction, and pseudo-
obstruction.

The age of the patient plays an im-
portant role in determining the cause
of the bilious vomiting. In newborns,
intestinal atresia or stenosis, Hirsch-
sprung disease, malrotation, and vol-
vulus need to be considered, and these
patients warrant immediate evaluation.
Diagnosis can be made by GI contrast
study. In patients older than 3months,
intussusception must be considered
and can be both diagnosed and trea-
ted by air or contrast enema. Foreign
body ingestion leading to obstruction

is a possibility at any age, but it must
be considered particularly in any de-
velopmentally delayed or nonverbal
child.

Management of Intestinal
Foreign Bodies

Most ingested foreign bodies pass
through the GI tract without inci-
dent, and only reassurance is needed.
The transit time for a foreign body
varies, and parents should be in-
structed to return if the patient has
abdominal pain, vomiting, or bloody
stools. If any foreign body becomes
lodged in the esophagus, immediate
endoscopic removal is warranted.
Other foreign bodies, such as button
or disc batteries, sharp or pointed ob-
jects, and magnets must be followed
more closely because of their poten-
tial for serious complications.

Button or disc batteries are prob-
lematic because of their corrosive na-
ture, which, if they are lodged at any
point along the GI tract, can lead to
erosion or perforation 6 hours after
ingestion. Impacted esophageal but-
ton batteries must be removed imme-
diately, either endoscopically or by
manipulating them into the stomach.
Button batteries that have passed the
gastroesophageal junction need to be
monitored with serial abdominal ra-
diographs taken at 12-hour intervals.
If there is no progress over 24 hours,
the battery should be removed surgi-
cally. Cathartics, GI lavage, or enemas
also may be given to hasten transit.

Objects with sharp edges or points
also require greater vigilance because
of the possibility of erosion or perfora-
tion. Esophageal impaction demands
immediate removal; however, many
of these objects also pass through
the GI tract without incident once
they reach the stomach. Stools should
be examined for the foreign body in
question. Daily radiographs for radio-
opaque objects are useful to monitor
the object’s progress along the GI

Figure 5. CT scan of the chest shows bilateral pneumonia and bilateral pleural
effusions.
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tract, and the patient should be ob-
served for signs of peritonitis or GI
bleeding. If the position of the foreign
body is unchanged for 1 week, surgi-
cal intervention is indicated.

The ingestion of more than one
toy magnet is of great concern be-
cause of the increased risk of erosion
and perforation because both mag-
nets become attracted to each other
across loops of bowel. These patients
warrant immediate attention and sur-
gical consult.

The following are indications for
immediate foreign-body removal,
either by endoscopy or surgical
intervention:

• Unchanged esophageal location
>12 hours

• Airway compromise
• Button batteries in the esophagus
• Complete esophageal obstruction
• Sharp or pointed objects >4 cm in

length, wider than 2 cm in diame-
ter, or showing no movement at
day 3 after ingestion

• A symptomatic patient
• Acute abdominal findings
• Ingestion of more than one magnet

Although smooth muscle relaxa-
tion agents (eg, glucagon, benzodia-
zepines) are used for adults, they are
generally unsuccessful when used in
the treatment of children and are not
recommended. Syrup of ipecac should
not be given to patients with a foreign
body in the stomach because this
agent may cause the foreign body to
become lodged in the esophagus.
Finally, "body packers" risk rupture
of the illicit substance and death.
Such patients should be hospitalized
and monitored closely. Consulta-
tion with a poison control center is
recommended.

Lessons for the Clinician

• Bilious vomiting at any age man-
dates immediate evaluation.

• A stepladder appearance on abdom-
inal radiograph is pathognomonic
for small bowel obstruction.

• Foreign bodies commonly get im-
pacted at the thoracic inlet, lower
esophageal sphincter, and ileocecal
valve.

• Foreign-body ingestion causing ob-
struction should be considered in
all patients who have abdominal
pain and bilious emesis, especially
in developmentally delayed or non-
verbal children.

(Amanda J. Kasem, MD, MS, Jacobi
Medical Center, Bronx, NY)

Case 3 Discussion
Culture samples of the leg wound
grew Nocardia species. Failure to
make superoxide on neutrophil oxi-
dation assays and the absence of
p47phox protein in Western blot analy-
sis confirmed the diagnosis of chronic
granulomatous disease (CGD).

The Organism
Nocardia are ubiquitous gram-positive
bacteria, composed of >80 species,
of which 33 are pathogenic in hu-
mans. Although clinical nocardiosis
has been reported in immunocom-
petent hosts, such infection is more
often an opportunistic infection in
the face of impaired immunity.

Pathogenesis
Although intermittent exposure to
Nocardia species is inevitable, disease
occurs only in a minority of those ex-
posed. The spectrum of nocardiosis
ranges from isolated infections in
the skin or lungs to disseminated dis-
ease. Inoculation and inhalation of
the bacteria are the usual methods of
infection. PathogenicNocardia species
prevent lysosome-phagosome fusion
and produce superoxide dismutase,
which likely contribute to its resis-
tance to neutrophil killing.

Clinical Aspects
PULMONARY. The lungs are the

most commonly affected site of no-
cardiosis, with most pulmonary infec-
tions caused by the N asteroides
complex. Subacute symptoms are
most common because of the slowly
invasive nature of Nocardia in most
circumstances. Clinical presentations
range from reticulonodular pneumo-
nia to cavitary disease. Once estab-
lished, the infection can spread into
superficial or deep tissues, with re-
sulting empyema, or even invade into
the adjacent chest wall.

CUTANEOUS. Cutaneous or lym-
phocutaneous infection with Nocar-
dia species occurs when the skin is
inoculated with contaminated mate-
rial. The resulting infections may
range from a self-limited pyogenic
infection that resolves spontaneously
to a chronically progressive and de-
structive superficial lesion, termed a
mycetoma.

DISSEMINATION. Cutaneous or
pulmonary primary infections can
lead to dissemination into the blood-
stream and subsequently affect the
central nervous system (CNS),
bones, heart valves, joints, and kid-
neys, or lead to a diffuse secondary
pneumonia, as in this case. Dissem-
ination often is associated with a
poor outcome. CNS disease is present
in up to 44% of cases of disseminated
nocardiosis and generally presents
with nonspecific and insidious symp-
toms, so a diagnosis of neoplasm often
is presumed until test results demon-
strate Nocardia species.

Diagnosis
A definitive diagnosis of nocardiosis
usually is established anywhere from
1 to 12 months after the onset of
symptoms. Nocardiosis is diagnosed
most commonly through biopsy or
culture. Although Nocardia species
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can colonize the skin, they should be
considered pathogens when isolated
from normally sterile sites or in con-
junction with compatible symp-
toms. Nocardia appear as branching,
beaded, filamentous, and variably
acid-fast bacteria. Growth on standard
culture samples usually occurs within
5 days but may take up to 3 weeks.
The identification of the specific
species can be problematic but is
important because it foreshadows
antimicrobial susceptibilities. Bio-
chemical and molecular methods are
available for species identification.

Management
Trimethoprim-sulfamethoxazole
generally is used for empiric treat-
ment. Verification of susceptibilities
is particularly important in severe
and CNS disease, in which the use
of combination antimicrobials may
be necessary. Other antimicrobial op-
tions may include amikacin, ceftriax-
one, imipenem, tetracyclines, and
linezolid. Treatment duration is vari-
able, with typical courses ranging
from 6 months (eg, uncomplicated
mycetoma) to well over 1 year (eg,
CNS infections or immunocompro-
mised host). The patient in this case
improved with a combination of tri-
methoprim-sulfamethoxazole, mer-
opemen, amikacin, and prednisone.
His daily prophylactic regimen then
consisted of trimethoprim-sulfame-
thoxazole, itraconazole, and inter-
feron-gamma injections.

Nocardia and
Immunocompromised Hosts

Nocardiosis most often is identified
in patients who have compromised
immunity. “At-risk” populations
encompass a wide range of immune
dysfunction, ranging from the rela-
tively nonspecific immune dysfunction

associated with alcoholism and dia-
betes mellitus to the severe immune
compromise associated with solid-
organ and bone-marrow transplanta-
tions, AIDS, and CGD.

CGD
CGD is a genetic disease characterized
by recurrent pyogenic infections. In
CGD, the inability to destroy phago-
cytosed microbes is attributed to
defects in the nicotinamide-adenine
dinucleotide phosphate oxidase
(phox) system. Normally function-
ing nicotinamide-adenine dinucleo-
tide phosphate oxidase is responsible
for superoxide production associated
with the intracellular “oxidative
burst.”

The most common form of CGD
involves a mutation in the heavy chain
of the terminal component of the
electron transport chain. The af-
fected molecule is a 91-kd protein
(gp91phox) and is encoded on the
X chromosome, so CGD predomi-
nantly affects boys. There are, how-
ever, less common mutations that are
inherited in an autosomal-recessive
manner. These forms tend to be less
severe and are associated with a muta-
tion in the light chain of cytochrome
b245 (p22phox, 5% of cases), or one of
two cytosolic proteins, p47phox (25%)
or p67phox (5%). The typical age of
presentation can range from late in-
fancy to adulthood, depending on
the number and severity of infections;
however, X-linked CGD tends to
present earlier.

The most common infections oc-
curring in CGD are caused by patho-
gens that resist the oxidative burst
of neutrophils. The most common or-
ganisms affecting patients with CGD
are Staphylococcus aureus, Serratia
spp, Burkholderia spp, Nocardia spp,
and Aspergillus spp. Recurrent, severe

infections or abscesses associated with
any of the organisms listed should lead
one to consider CGD.

CGD Testing and Treatment
In years past, the nitroblue tetrazolium
test was used to diagnose CGD. Cur-
rently, the dihydrorhodamine assay is
the preferred method. Once CGD
is diagnosed, a combination of im-
mune modulation with interferon
gamma and prophylactic antibiotics
(trimethoprim-sulfamethoxazole) and
antifungal agents (itraconazole) leads
to dramatic decreases in morbidity
and mortality from the common
causes of infection.

Lessons for the Clinician

• Nocardia is an uncommon patho-
gen and often hails the presence of
an immune defect.

• This bacterium is one of several or-
ganisms that are relatively com-
mon in patients with CGD.

• Recurrent or unusually severe
pyogenic infections, particularly
with S aureus,Nocardia spp, Serra-
tia spp, Burkhoderia spp, or Asper-
gillus spp merit testing for CGD.

(John C. Arnold, MD, Robin Bareng,
MD, Naval Hospital, San Diego, CA;
Noah J. Friedman, MD, Kaiser Per-
manente, San Diego, CA; Martin
Gilboa, MD, Kaiser Permanente,
Carlsbad, CA)

The views expressed in this case are
those of the authors and do not neces-
sarily reflect the official policy or po-
sition of the Department of Defense
or the United States government.

To view Suggested Reading lists for
these cases, visit http://pedsinreview.
aappublications.org and click on
“Index of Suspicion”.
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A 4-Year-Old Male Who Has
a Persistent, Severe Headache

Osman Farooq, MD,* Zebunnissa Memon, MD,†

Nicholas Saikali, MD,‡ Thomas J. Langan, MD*

Presentation
A 4-year-old boy presents to the emergency department
(ED) with a 10-day history of headaches. He was seen in
the same ED 1 week before for a 2- to 3-day history of
headache. The patient’s headache improved after he was
given acetaminophen, and he was discharged from the ED
with instructions to parents to administer acetaminophen
on an as-needed basis. However, over the following week,
the headaches increased in frequency and severity, and the
patient was brought to his pediatrician complaining of
global headaches, difficulty reading at school, and difficulty
walking up and down stairs. The patient was referred for
further evaluation.

On assessment, vital signs are within normal limits.
Physical examination is significant for generalized somno-
lence, right optic disc pallor, bitemporal hemianopsia, and
a slight left-sided facial droop. Mild weakness is noted in
the left upper extremity, both proximally and distally.
Deep tendon reflexes are appropriate and symmetrical in
all extremities.

A computed tomography (CT) scan of the head (Fig 1)
suggests the diagnosis.

Figure 1. CT scan of the head of 4-year-old male with
persistent headache.
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Diagnosis: Craniopharyngioma
The CT scan of the head (Fig 1) revealed a midline hypo-
dense cystic mass in the sellar region with areas of hyper-
density, suggestive of calcifications. Magnetic resonance
imaging (MRI) of the brain further revealed an enhancing
heterogeneousmasswith solid and cystic components (Fig 2).
Based on the location and appearance of the mass, the
patient was strongly suspected of having a craniopharyng-
ioma and scheduled for surgical resection.

Discussion
Craniopharyngiomas are extra-axial, histologically benign
tumors that are said to have malignant behavior, meaning
that they can invade their surrounding structures and can
recur despite what is thought to be complete surgical re-
section. Because craniopharyngiomas are slow-growing,
symptoms frequently develop insidiously, becoming obvious
only after the tumor attains a diameter of w3 cm. In gen-
eral, the time interval between onset of symptoms and diag-
nosis ranges from 1 to 2 years. Age distribution is bimodal,
with the first peak occurring in the first 2 decades of life, and
the second occurring between 65 and 75 years of age.

Craniopharyngiomas derive embryologically from two
primordial components, either the Rathke pouch (which
is an upward invagination of ectoderm from the primitive
oral cavity) or the infundibulum (a downward invagina-
tion of neuroectoderm from the diencephalon). Both the
Rathke pouch and the infundibulum develop during the
fourth week of gestation and together form the hypoph-
ysis. A small cleft (craniopharyngeal cleft) develops when
these two structures fuse together. Craniopharyngiomas
arise from this cleft.

On gross pathology, craniopharyngiomas present as a
single large cyst or as multiple cysts filled with brown-
colored proteinaceous material that has a glittering, spar-
kling appearance due to a high-cholesterol crystal content.

Symptoms associated with craniopharyngiomas are pro-
duced because of the mass effect of the tumor against the

neighboring structures. The suprasellar location of a cranio-
pharyngioma can cause a variety of clinical signs and symp-
toms, depending onwhich structures become involved as the
tumor expands. The most common presenting symptoms
are headache, growth disturbances, and visual loss. However,
young childrenmay not be aware of their visual disturbances,
thus delaying tumor diagnosis. Affected structures include
the cerebrospinal fluid pathways, visual tracts, pituitary gland,
and the hypothalamus. Involvement of the frontal or tempo-
ral lobes of the cerebral hemispheres is rare but does occur.

Compromise of the cerebrospinal fluid pathways causes
increased intracranial pressure, which can present as head-
ache, irritability, vomiting, and impaired mental acuity.
The two most common causes of headaches are increased
intracranial pressure frommass effect of the tumor and ob-
structive hydrocephalus from tumor compression of the
third ventricle.

The visual pathways, which include the optic tracts,
optic chiasm, and optic nerve, may be compressed de-
pending on the direction and extent of tumor expansion.
Ophthalmoscopic examination may reveal optic pallor,
the result of compression of the optic pathways without
an increase in intracranial pressure. Conversely, with in-
creased intracranial pressure, swollen optic discs, or papil-
ledema, may occur. Visual acuity can be diminished in one
or both eyes. Visual field testing may reveal bitemporal
hemianopsia, a classic finding due to the tumor arising in
the suprasellar region and compressing the optic chiasm
where nerve fibers for the peripheral visual fields decussate
(cross over). Children generally are not aware of peripheral
vision loss and will subconsciously turn their head to com-
pensate for their temporal field deficits.

A craniopharyngioma may compress the pituitary gland
against the floor of the sella if it extends downwards and
expands within the sella. Growth failure results from either
growth hormone deficiency or hypothyroidism, due to hy-
pothalamic-pituitary axis disruption. Thyroid disturbances
(weight gain, delayed skeletal maturation, cold intolerance,

and decreased appetite and activity)
and delayed puberty and growth
problems (reduction in height and
weight) may then develop. Occa-
sionally, patients will have a decrease
or loss of all pituitary hormone pro-
duction (panhypopituitarism).

If the tumor extends upward and
backward, it may invade the third
ventricle and compress the anterior
hypothalamus, causing drowsiness
in the absence of increased intracra-
nial pressure, persistently subnormal

Figure 2. Axial, coronal, and sagittal views of MRI with contrast revealing a heterogeneously
enhancing solid and cystic mass extending upward from the sella turcica into the right
lateral ventricle.
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temperature, and diabetes insipidus. Signs and symptoms
of anterior pituitary deficiency associated with cranio-
pharyngiomas may actually be the result of direct hypo-
thalamic damage.

Although a rare occurrence, if a craniopharyngioma ex-
pands laterally into the frontal or temporal fossa, signs such
as aphasia, hemiparesis, or a change in affect or behavior
may occur. In this situation, electroencephalography may
show focal slowing in the affected lobe.

Diagnosis
The diagnosis of craniopharyngioma is based on clinical,
radiologic, and histologic findings. Any combination of
growth failure, visual disturbances, and headache should
prompt a clinician to obtain neuroimaging of the head.
Growth failure is the most common presenting complaint
in children and can be investigated by obtaining levels of
hormones secreted by the pituitary. Visual symptoms
should be investigated with formal visual acuity and visual
field testing. A funduscopic examination is essential in ev-
ery patient who presents with chronic or new-onset head-
aches, with special attention given to the optic discs,
looking for optic pallor or disc margin bulging.

When radiologically investigating a suspected cranio-
pharyngioma, some authors advocate for CT scanning
and some for MRI. The radiographic hallmarks to look
for are a mass located in the sellar region, calcification,
cyst formation, and contrast enhancement. A CT scan
can demonstrate the characteristic calcifications and size
of the tumor. However, MRI can sometimes demon-
strate the size and extent of the tumor better and delin-
eate any involvement of the third ventricle. MRI also can
confirm the cystic features of the tumor.

Differential Diagnosis
The differential diagnosis for patients who have severe
headache include migraines and migraine variants (which
can present with visual disturbances), meningitis or enceph-
alitis, vascular malformations (arteriovenous malformations
and aneurysms of the internal carotid or anterior com-
municating artery), congenital abnormalities (including
arachnoid cyst and Rathke cleft cyst), and other tumors
(teratomas, epidermoid/dermoid tumors, pituitary ad-
enomas, and optic pathway gliomas). Because cranio-
pharyngiomas have a characteristic appearance on
imaging (multicystic and solid enhancing suprasellar
mass), neuroimaging can distinguish craniopharyngiomas
easily from these other conditions, including other tumors.

Management
Gross total surgical resection is the treatment of choice.
However, depending on which structures have been

invaded, surgery can cause significant comorbidity. If
the tumor has invaded nearby structures, such as the hypo-
thalamus, therapy may consist of subtotal surgical resec-
tion followed by radiation.

After treatment with surgery and radiation, the overall
10-year survival rate is 64% to 96%; in children, the 5-year
survival rate is >80%. After resection, visual symptoms
usually disappear; however, the endocrine disturbances
generally are permanent. Patients often require lifelong
hormone replacement therapy. Eighty percent to 93% of
children develop permanent diabetes insipidus, 50% de-
velop obesity, and 80% to 90% require replacement of
two or more of the anterior pituitary hormones. The size
of the tumor at presentation determines the recurrence
rate: 80% for tumors >5 cm and 20% for tumors £5 cm.

Patient Course
This patient also was found to have hypothyroidism,
growth delay, and diabetes insipidus. He underwent total
resection of his tumor with almost immediate improve-
ment of his headache and visual disturbances. Pathologic
evaluation confirmed the diagnosis of craniopharyng-
ioma. The patient’s endocrine dysfunction persisted, re-
quiring hormone replacement therapy.

Summary
Any patient who presents with headaches, visual distur-
bances, and endocrine abnormalities requires a detailed
neurologic evaluation that includes a funduscopic exam-
ination. Special attention should be given to the optic
discs, looking for pale color or bulging margins. Neuro-
imaging via CT scan orMRI should be performed to look
for a midline mass with cystic components, calcifications,
and contrast enhancement. In addition, patients sus-
pected of having a craniopharyngioma should have their
pituitary gland function tested. Surgical resection is the
treatment of choice, followed by close monitoring of en-
docrine function.
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In Brief
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Anemia is the reduction in red blood cell

(RBC) number, hematocrit, or hemoglobin

concentration to a value >2 SDs below

the age-specific mean. Anemia in infancy,

which may result from increased erythro-

cyte loss or inadequate RBC production,

raises unique considerations.

Understanding the development of

the hematopoietic system may be help-

ful in the evaluation of neonates with

anemia. Erythropoiesis begins in the yolk

sac at 2 weeks’ gestation, generating

cells that express embryonic hemoglo-

bin. At 6 weeks’ gestation, the liver be-

comes the predominant site of RBC

production, and the cells produced pri-

marily express fetal hemoglobin. Not until

6 months’ gestation does the bone mar-

row become the major site of hematopoi-

esis. Throughout fetal life, erythrocytes

decrease in size and increase in number:

hematocrit increases from 30% to 40%

during the second trimester to 50% to

63% at term. In late gestation and after

birth, RBCs gradually switch from the

production of fetal hemoglobin to adult

hemoglobin.

After birth, RBC mass normally de-

clines in response to an increase in the

availability of oxygen and downregu-

lation of erythropoietin. RBC count

decreases until oxygen delivery is inade-

quate for metabolic demand and eryth-

ropoietin production is stimulated again.

In healthy term infants, the RBC nadir,

a physiologic response to postnatal

life and not a hematologic disorder,

typically occurs at 8 to 12 weeks of

life and at a hemoglobin level of 9 to

11 g/dL.

Preterm infants also experience a de-

crease in hemoglobin concentration af-

ter birth, with a decline that typically is

more abrupt and more profound than in

term infants, reaching hemoglobin lev-

els of 7 to 9 g/dL at 3 to 6 weeks of age.

This anemia of prematurity is likely the

result of lower hemoglobin levels at

birth, decreased RBC lifespan, and a

suboptimal erythropoietin response, and

may be more pronounced in the smallest

and most premature infants. Anemia of

prematurity may be exaggerated by non-

physiologic factors, including frequent

blood sampling for laboratory tests, and

may be accompanied by significant clin-

ical symptoms.

Blood loss, a common cause of anemia

in the neonatal period, may be acute or

chronic and can result from umbilical

cord abnormalities, placenta previa, pla-

cental abruption, traumatic delivery, or

internal bleeding in the infant. In one-half

of all pregnancies, fetal–maternal hemor-

rhage can be demonstrated by the iden-

tification of fetal cells in the maternal

circulation. Blood also can be transfused

from one fetus to another in monochor-

ionic twin gestations. In some pregnan-

cies, these losses can be severe.

The accelerated destruction of RBCs

may be either immune or nonimmune

mediated. Isoimmune hemolytic anemia

is caused by ABO, Rh, or minor blood

group incompatibility between the

mother and fetus. Maternal immuno-

globulin G antibodies to fetal antigens

can cross the placenta and enter the

fetal bloodstream, causing hemolysis.

These disorders have a wide clinical

spectrum, ranging from mild, self-limited

hemolytic anemias to lethal hydrops fe-

talis. Because maternal antibodies may

take months to clear, affected infants

can experience prolonged hemolysis.

ABO incompatibility usually occurs

when type O mothers carry fetuses that

are type A or B. Because A and B anti-

gens are widely distributed in the body,

ABO incompatibility typically is less se-

vere than Rh disease and is not affected

by birth order. In contrast, Rh hemolytic

disease occurs infrequently during the

first pregnancy because sensitization

typically is caused by maternal exposure

to Rh-positive fetal cells around the time

of delivery. With the widespread use of

Rh immunoglobulin, life-threatening Rh

incompatibility is now rare.

Abnormalities of RBC structure, en-

zyme activity, or hemoglobin produc-

tion also can cause hemolytic anemia
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because the abnormal cells are removed

more rapidly from the circulation. He-

reditary spherocytosis is one such disor-

der, caused by a cytoskeletal protein

defect that results in fragile, inflexible

cells. Glucose-6-phosphate dehydroge-

nase deficiency, an X-linked enzyme

disorder, typically causes an episodic

hemolytic anemia that occurs in re-

sponse to infection or oxidant stress.

The thalassemias are hereditary disor-

ders caused by defects in hemoglobin

synthesis and are classified as alpha

or beta according to the affected globin

chain. They range in severity from silent

carrier states to fatal hydrops fetalis,

depending on the type of thalassemia,

number of affected genes, amount of

globin production, and ratio of alpha-

to beta-globin produced.

Sickle cell anemia is another disor-

der of hemoglobin production. Children

born with sickle trait are largely unaf-

fected, whereas those who have sickle

cell disease may experience hemolytic

anemia associated with a wide range

of clinical effects. The onset of symptoms

occurs as the amount of fetal hemo-

globin declines and abnormal hemo-

globin S rises, typically after 4 months

of age.

Infants and young children may ex-

perience serious bacterial infections,

dactylitis, hepatic or splenic sequestra-

tion, aplastic crises, vaso-occlusive cri-

ses, acute chest syndrome, priapism,

stroke, and other complications. Other

hemoglobinopathies include hemoglo-

bin E, the most common hemoglobinop-

athy worldwide. Hemolytic anemia also

can be caused by infection, hemangio-

mas, vitamin E deficiency, and dissemi-

nated intravascular coagulation, among

other disorders.

Impaired RBC production may be the

result of acquired or congenital disor-

ders. Diamond-Blackfan anemia is a rare

congenital macrocytic anemia in which

the bone marrow demonstrates few ery-

throid precursors, although the white

blood cell and platelet counts generally

are normal or slightly increased. Fanconi

anemia is a congenital syndrome of bone

marrow failure, although it is often un-

recognized until later in childhood. Other

congenital anemias include the congen-

ital dyserythropoietic anemias and the

sideroblastic anemias.

Iron deficiency is a common cause

of microcytic anemia in infants and

children, and it typically peaks at 12

to 24 months of age. Preterm infants

have less stored iron and may become

deficient earlier. Infants who experi-

ence increased iron loss from frequent

laboratory sampling, surgical procedures,

hemorrhage, or anatomic abnormalities

also may become deficient sooner. In-

testinal blood loss caused by exposure

to cow milk also may place infants at

higher risk. Lead poisoning can be the

cause of a microcytic anemia similar to

iron deficiency anemia.

Both vitamin B12 and folate defi-

ciency can cause macrocytic anemia.

Because human milk, pasteurized cow

milk, and infant formulas provide suf-

ficient folic acid, a deficiency of this

vitamin is uncommon in the United

States. Of note, goat milk is not an ad-

equate source of folate. Vitamin B12 de-

ficiency also is rare but may occur in

human milk–fed infants born to moth-

ers with low B12 stores, especially those

who follow strict vegan diets or have

pernicious anemia. Malabsorptive syn-

dromes, necrotizing enterocolitis, and

other intestinal anomalies may put in-

fants at higher risk for these deficien-

cies, as can certain drugs or congenital

disorders.

Other disorders of inadequate RBC

production may be the result of chronic

disease, infection, malignancy, or tran-

sient erythroblastopenia of childhood,

a transient, acquired, normocytic ane-

mia believed to be the result of damage

to erythroid precursors by viruses. Al-

though infants can be affected, most

cases occur at 2 to 3 years of age.

The evaluation of an anemic infant

must include a thorough history and

physical examination, with special at-

tention to cardiovascular status, jaun-

dice, organomegaly, and any physical

anomalies. The initial laboratory evalua-

tion should include a complete blood

count with red cell indices, a reticulocyte

count, a peripheral blood smear, and di-

rect antiglobulin test (Coombs’ test).

These results may help to direct addi-

tional testing. Treatment will be guided

by the clinical severity of the anemia

and the underlying illness. Transfu-

sions may be required to restore ade-

quate tissue oxygenation and expand

circulating blood volume, and certain

clinical conditions may require exchange

transfusion.

Comments: Prematurely born in-

fants are at particular risk for iron defi-

ciency because they have not had the

benefit of a full third trimester of ges-

tation, during which an infant born at

term has been able to leach from the

mother (unless she is severely depleted)

enough iron to maintain sufficiency un-

til the infant has slightly more than

doubled his or her birth weight. Full-

term infants, unless they are actively

losing blood, are not at high risk for

iron-deficiency anemia in the first

months of age, but premature infants

with their insufficient iron stores cer-

tainly are.

What is even more significant is the

fact that when the body is depleted of

iron stores, the consequences go be-

yond anemia. Iron is critical to a wide

range of physiologic functions beyond

hemoglobin’s role as a carrier of oxygen.

Mitochondrial electron transport, neu-

rotransmitter function, and detoxifica-

tion, as well as catecholamine, nucleic

acid, and lipid metabolism all depend

on iron, and its deficiency results in a

systemic disorder that can have long-

term consequences, especially during a

time of rapid brain growth.

Henry M. Adam, MD
Editor, In Brief
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Fever is one of the most common symp-

toms managed by pediatricians. Many

parents fear that fever is harmful to

their children, leading to an estimated

30% of illness visits. Acetaminophen

and ibuprofen remain the most common

antipyretic medications, with numerous

over-the-counter and prescription prep-

arations available in the United States.

Studies have reported that as many as

one-half of parents administer the in-

correct dose of acetaminophen and

ibuprofen.

Acetaminophen is metabolized mainly

in the liver by conjugation with sulfate

and glucuronide. When an excessive

amount of acetaminophen is present,

it overwhelms the normal conjugation

pathway, and metabolism is channeled

to the cytochrome P-450 pathway,

which produces the toxic metabolite

N-acetyl-p-benzoquinone imine (NAPQI).

NAPQI is detoxified by glutathione; how-

ever, when gluthathione becomes depleted,

NAPQI binds directly to hepatocytes,

causing cellular necrosis.

A therapeutic dosage of acetamino-

phen is 75 mg/kg per 24-hour period,

not to exceed 4 g in 24 hours. Single

dosages of 10 to 15 mg/kg given every

4 to 6 hours orally generally are re-

garded as safe and effective. Liver tox-

icity in children has been reported after

one dose of 120 to 150 mg/kg, with a

higher risk of toxicity associated with

fasting, liver disease, a history of exces-

sive alcohol use, or the coadministra-

tion of medications that induce the

cytochrome P-450 pathway.

Clinical manifestations of acetamin-

ophen overdose can be gradual and

nonspecific. Four clinical stages of ac-

etaminophen toxicity have been de-

scribed. The first stage occurs during

the initial 12 to 24 hours after inges-

tion, during which time the patient

may experience anorexia, malaise, di-

aphoresis, nausea, and vomiting. The

second stage, or latent phase, begins

during the subsequent 12 to 24 hours.

During this phase, the clinical presen-

tation may vary and include elevation

of liver enzyme levels, liver enlargement,

or right upper quadrant abdominal pain.

Patients also may be asymptomatic. The

third stage occurs 3 to 5 days after inges-

tion and is characterized by recurrence of

anorexia, nausea, vomiting, and malaise.

Liver enzyme levels may worsen and be

accompanied by signs of liver failure, in-

cluding jaundice, hypoglycemia, coagul-

opathy, and encephalopathy. The fourth

stage is associated with either complete

recovery or progression to liver failure.

If acetaminophen toxicity is sus-

pected, a serum acetaminophen level

should be obtained and plotted on the

Rumack-Matthew nomogram, which can

be found in standard references as well

as the New England Journal of Medicine
citation provided here. Given the acet-

aminophen level and the number of hours

postingestion, the nomogram stratifies

the patient’s risk into one of three cate-

gories: no risk, possible risk, or probable

risk of hepatotoxicity. If the serum acet-

aminophen level plots above the possible

risk threshold for the time postingestion,

treatment should be initiated. In addition,

liver enzyme levels, coagulation profile,

serum electrolytes, and complete blood

count should be obtained before therapy

as well as after treatment is completed.

The main therapy for acetaminophen

toxicity is administration ofN-acetylcysteine
(NAC). The therapeutic effect of NAC

occurs via multiple mechanisms within

the liver, including increasing glutha-

thione and directly detoxifying NAPQI.
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Hepatotoxicity is minimized if NAC is

started within 8 hours of the ingestion,

but the treatment has therapeutic ben-

efit if given within 24 to 48 hours. NAC

is available in oral and intravenous prep-

arations, and studies have shown similar

efficacy between the two forms. In 2004,

the US Food and Drug Administration

approved a 20-hour, continuous intrave-

nous infusion protocol that has efficacy

similar to previous protocols.

Intravenous NAC has been associ-

ated with anaphylactoid reactions, in-

cluding shortness of breath, wheezing,

rash, and pruritus. In most cases, these

reactions have been transient and re-

lieved with antihistamine therapy. Oral

NAC is bitter in taste and can be irritating

to the gastrointestinal tract. The practi-

tioner should weigh the risks and bene-

fits of the two preparations in deciding

which is best for the patient. Activated

charcoal also has been shown to be ef-

fective in adsorbing acetaminophen,

especially in the first 2 hours after in-

gestion. This therapy is particularly ben-

eficial if multiple substances have been

ingested.

Studies in children have shown that,

at standard doses, ibuprofen is as safe

as acetaminophen and is at least as ef-

fective at relieving pain and fever. The

dosage of ibuprofen recommended for

children is 5 to 10 mg/kg per dose, given

every 6 to 8 hours orally. Ibuprofen is

absorbed rapidly after oral administra-

tion, reaching peak concentration levels

within 2 hours. As a nonsteroidal anti-

inflammatory drug, ibuprofen inhibits

cyclooxygenase, an enzyme in the pros-

taglandin synthetic pathway, thereby

decreasing pain, fever, and inflamma-

tion. Ibuprofen is metabolized primarily

in the liver, with urinary excretion as

well. At standard doses, the drug is well

tolerated by most children and has

a low risk of complications. It should

be noted, however, that currently there

are insufficient data on the safety of ibu-

profen in infants younger than 6 months

of age.

Most adverse effects of ibuprofen, as

with all nonsteroidal antiinflammatory

drugs, result from prostaglandin inhibi-

tion. The most common adverse effects

of ibuprofen are gastrointestinal: nausea,

vomiting, abdominal pain, gastric ulcers,

and gastrointestinal bleeding. The likely

mechanism is decreased gastric cyto-

protection resulting from prostaglandin

inhibition. Ibuprofen also can have mild

central nervous system effects, such as

headache, confusion, disorientation, and

dizziness. Ingestions of >400 mg/kg of

ibuprofen have been associated with an

increased risk of serious complications,

including metabolic acidosis, liver or re-

nal dysfunction, apnea, seizures, coma,

and, rarely, death.

Concern has been raised over the po-

tential nephrotoxicity of ibuprofen, which

interferes with the renal effects of pros-

taglandins, thus reducing blood flow to

the kidneys and potentially decreasing

renal function. Particular caution should

therefore be taken in children who have

dehydration or underlying cardiac or re-

nal disease.

When a child presents with an ibu-

profen overdose, the practitioner should

consider obtaining a laboratory evalua-

tion that includes serum electrolytes,

blood urea nitrogen, creatinine, coagu-

lation studies, liver enzyme levels, and a

complete blood count. Patients suspected

of intentional overdose also should be

tested for coingestion with acetamin-

ophen and salicylates. Studies on ibu-

profen serum levels have shown poor

correlation between serum drug con-

centrations and toxicity. Although a

nomogram exists, it is not useful in

the management of ibuprofen overdose,

and serum drug levels do not need to be

checked routinely.

Because the risk for serious compli-

cations is low, treatment of ibuprofen

overdose generally involves no more

than supportive care. Activated charcoal

can be given within 1 to 2 hours of in-

gestion to help decrease absorption of

the ibuprofen. Clinical symptoms typi-

cally present within 4 hours of ingestion.

Children who have ingested<100 mg/kg

of ibuprofen and are asymptomatic may

be observed at home. Symptomatic pa-

tients and those who have ingested

>400 mg/kg should be observed at a

health care facility for a minimum of 4

to 6 hours.

Comments: Given the ubiquity of

acetaminophen and ibuprofen usage,

we are fortunate that these drugs are

relatively low risk for toxicity. One study

estimated that the English, for example,

administer 68 million child-days of an-

tipyretic drugs each year. In Barton

Schmitt’s classic study of fever phobia,

two-thirds of parents worried “lots”

about the harm fever might cause their

children, and more than one-half re-

ported using an antipyretic drug for

temperatures within the normal range.

If parents are phobic regarding fevers,

so too, apparently, are many of us. In

a survey of American Academy of Pe-

diatrics’ members in Massachusetts,

2 of 3 responding pediatricians be-

lieved fever itself can pose a danger

to children, and routinely recommen-

ded an antipyretic drug for tempera-

tures under 102˚ F. Into the mouths of

little children go the agents of our

anxiety.

Henry M. Adam, MD
Editor, In Brief
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Self-exploration and masturbation are a

normal part of development but are not

discussed often because they are chal-

lenging topics for parents and pediatri-

cians. Most children will engage in

some sexual behavior before puberty,

and after puberty the practice is even

more common. In one report, 90% to

94% of males and 50% to 60% of fe-

males recalled masturbating at some

point during their childhood. Given that

this behavior is so common, it is essential

that pediatricians be able to distinguish

normal behavior from pathologic behav-

ior, including behavior that is suggestive

of an alternative medical diagnosis or

abuse.

Children follow a progression of ap-

propriate sexual behavior based on age

and developmental level. Common early

sexual behaviors include touching one’s

genitals in private or in public, attempt-

ing to touch others’ genitals, showing

one’s genitals to others, or attempting

to view others while they are naked.

These actions represent an extension of

curiosity-seeking behavior and immature

understanding of interpersonal barriers,

in addition to discovery of pleasurable

sensations. Typically, these early sexual

behaviors diminish by 5 years of age,

once the child has a better understand-

ing of cultural norms and has received

explanation from his or her parents

about social norms and exhibiting these

behaviors in private.

When a child reaches puberty, sexual

behaviors become more intentional with

the goal of producing sexual arousal or

orgasm. This behavior typically occurs

in private, because by this age children

are aware of cultural norms and inter-

personal boundaries. When masturba-

tion or other public sexualized behavior

occurs past early childhood, this behav-

ior may suggest poor awareness of social

reality and warrants further evaluation

for developmental delays or autism spec-

trum disorders.

It is well documented that sexual

behaviors also can be related to a variety

of environmental factors, including phys-

ical abuse, sexual abuse, and neglect. The

cultural background of parents and their

interpretation of these behaviors are im-

portant factors in determining how this

issue is presented to a pediatrician. No

one behavior is pathognomonic of abuse

or behavioral problems. However, actions

that are intrusive, inflict harm, involve

insertion of foreign objects, imitate adult

sexual acts, or are coercive of other chil-

dren raise concern and merit more ex-

tensive evaluation.

Excessive masturbation that is not

easily redirected may be related to fam-

ily dysfunction or stress, underlying de-

velopmental disability, mental health

issues, understimulation in the home,

or possible neglect or physical or sexual

abuse.

The Child Sexual Behavior Inventory

is a good tool to help distinguish devel-

opmentally appropriate sexual behavior

from pathologic behavior in children ages

2 to 12 years. If behavior is assessed to be

within normal limits, the clinician should

proceed with parental reassurance and

instructions on redirection of behavior

and establishment of clear boundaries.

However, behavior that is determined

to be outside of age-appropriate norms

should trigger more comprehensive as-

sessment and treatment, and make the

clinician consider evaluation for mental

health problems or developmental delay,

or suggest referral to child protective

services, depending on the particulars

of the case.

Because many parents are naive to

the prevalence of early childhood sexual

behavior, masturbation may be misinter-

preted as a seizure disorder or movement

disorder in younger children. Conversely,

medical conditions that result in gen-

ital itching such as vaginitis, vaginal
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discharge, lichen sclerosus, diaper rash,

pinworms, or eczema may be interpreted

as sexual behavior. A careful history and

physical examination are essential. In a

very young child, videotaping the behav-

ior will help the clinician in making a

diagnosis.

Comments: Before the 20th century,
masturbation was thought to be second-

ary to a neuropsychiatric disorder. We

have come a long way since then in un-

derstanding that masturbation is a nor-

mal demonstration of sexual exploration

commonly seen in preschool-age chil-

dren. However, it can still be a challenging

topic to discuss with parents. Although

there is no specific evidence base con-

cerning masturbation, survey studies and

the use of the Child Sexual Behavior In-

ventory have provided observational in-

formation about prevalence rates and

norms.

Masturbation includes stereotypical

positioning and pressure on the genitalia,

which may result in an altered breath-

ing pattern, can be variable in duration,

and stops with distraction. Studies have

shown that parents with higher educa-

tional levels, who are more likely to co-

sleep with their children, exhibit family

nudity, and view masturbation as normal

are more likely to report these behaviors

and discuss them openly. Hence, it is

important to discuss routinely with pa-

rents who do not fit these demographic

characteristics that these behaviors are

common, or when parents bring up con-

cerns indirectly, because they may have

hidden worries.

Some parents may misinterpret these

behaviors as signs of enhanced sexuality

or suggestions that the child has been

abused. Anticipatory guidance is es-

sential to reassure parents regarding

the normalcy of masturbation based on

the age and specific behaviors that are

demonstrated.

Janet Serwint, MD
Consulting Editor, In Brief
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