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e69. ABSTRACT. Visual Diagnosis: Fever and Pete-
chial Rash in a 9-year-old Boy. Stephanie Eng, Amanda
Moon, Christopher Leander, Michael Del Vecchio. A
9-year-old boy is presented who has had fever for 5 days and
a rash for 2 days (see the Figure from the article, below).
The rash began on his ankles and spread to his feet, right
hand, left palm, and both knees, with six petechiae on his chest.
It is April, and he has not been traveling or spending time in
wooded areas, but his twin sister had developed Rocky
Mountain spotted fever 1 year ago. On examination, his

findings are normal except for the rash and a heart rate of
100 beats per minute. He is alert and in no distress. Although
his temperature was 102°F at home, he is afebrile now.
Laboratory findings include a C-reactive protein level of

1.29 mg/L, hemoglobin concentration of 11.4 g/dL, hemat-
ocrit of 32.6%, white blood cell count of 2.8 � 103/mL, and
platelet count of 133 � 103/mL. A diagnosis is made on the
basis of the clinical and laboratory findings. Pediatrics in
Review. 2012;33:e69–e71. URL: pedsinreview.aappublica-
tions.org/cgi/content/full/33/10/e69.

Pediatrics in Review Vol.33 No.10 October 2012 483



Rotavirus
Elaine Cox, MD,* John

C. Christenson, MD*

Author Disclosure

Drs Cox and

Christenson have

disclosed no financial

relationships relevant

to this article. This

commentary does

contain a discussion of

an unapproved/

investigative use of

a commercial product/

device.

Educational Gaps

1. Rotavirus gastroenteritis is a leading cause of infant death in the developing world.

Since its discovery in 1963 and its later recognition as a human pathogen, rotavirus

has been recognized as the leading cause of infectious gastroenteritis worldwide,

including in developed countries.

2. Before understanding the pathogenesis of rotavirus gastroenteritis and how best to

treat and prevent it, knowledge of its structural components is imperative.

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

1. Describe the epidemiology of rotavirus infection.

2. Recognize the clinical features of the disease.

3. Test appropriately for rotavirus.

4. Understand the various treatment modalities for rotavirus gastroenteritis.

5. Recognize the benefits of rotavirus vaccination.

Rotavirus gastroenteritis is a leading cause of infant death in the developing world. Since its
discovery in 1963 and its later recognition as a human pathogen, rotavirus has been rec-
ognized as the leading cause of infectious gastroenteritis worldwide, including in developed
countries. Although improvements in the quality of water, housing, and sanitary infrastruc-
tures and the use of antimicrobial therapy have reduced the frequency of gastrointestinal
disease caused by other enteric pathogens, the magnitude of rotavirus infection has re-
mained unchallenged.

However, in recent years, the introduction of live-attenuated rotavirus vaccines has re-
sulted in a significant reduction in the number of cases of severe gastroenteritis in developed
as well as developing countries where the use of vaccine has been introduced. A decrease
in infant deaths caused by gastroenteritis has already been observed in some developing
countries.

The development of vaccines was possible only because of a better understanding of
antigenic determinants and molecular structure of the virus, and through an enhanced
knowledge of the complex pathogenesis behind this viral infection. In the future, this
knowledge may allow scientists to design new antiviral treatment modalities for those chil-

dren with severe disease, especially those who are malnour-
ished or are immunocompromised, with conditions that
result in a suboptimal immune response to the vaccine, or
in situations in which the vaccine would be contraindicated.

Although current vaccines have demonstrable effective-
ness, assessments of changes in strain ecology, which may
lead to lesser effectiveness of vaccine programs, are taking
place.

We will summarize the existing knowledge on rotavirus,
its disease and complications, its changing epidemiology and
pathogenesis, and the development of preventive and ther-
apeutic strategies.

Abbreviations

NSP: nonstructural protein
ORS: oral rehydration solution
RV1: monovalent rotavirus vaccine
RV5: pentavalent rotavirus vaccine
SCID: severe combined immunodeficiency
VP: viral protein
WHO: World Health Organization

*Ryan White Center for Pediatric Infectious Disease, Indiana University School of Medicine, Riley Hospital for Children,

Indianapolis, IN.
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Epidemiology
Acute gastroenteritis caused by rotavirus is an extremely
common illness of childhood, with 72% of cases occur-
ring in children younger than age 5 years. (1) Rotavirus
infection is the most common cause of hospitalizations
for acute gastroenteritis, accounting for 30% to 70% of
all such admissions. Ninety-five percent of children in
the United States have had a case of rotavirus infection
by age 5 years, with 1/67 to 1/85 having been hospital-
ized by that time. This prevalence translates to 55,000 to
75,000 admissions per year, 75% of which are in those
younger than 2 years old. Length of stay averages vary
according to age, with children under 2 years of age hos-
pitalized for 3 days and 2- to 4-year-olds for 2 days. Three
percent to 5% of adult gastroenteritis admissions are due
to rotavirus infection. Rotavirus is responsible for 40% of
all outpatient visits for diarrhea. Annually, rotavirus costs
w$1 billion to the health-care system.

European studies have revealed a very similar inci-
dence of rotavirus when compared with the United
States. As a matter of fact, the incidence globally mirrors
that seen in the United States. There seems to be no dif-
ference in infection rates between the developing and
developed worlds, indicating that improved sanitation
is unlikely to decrease incidence. (1) Overall, there are
an estimated 111 million episodes of rotavirus annually
that require some sort of home care, 25 million clinic vis-
its, and 2 million admissions per year. In Africa alone,
rotavirus accounts for one third of all hospital admis-
sions. The result of this global rotavirus disease burden
is 440,000 to 600,000 deaths each year. The majority
of deaths are in Asia and Africa with 23% of the associ-
ated deaths occurring in India alone. Only 20 to 60
deaths are attributed to rotavirus in the United States
annually.

Hospital-acquired cases also make a significant contri-
bution to the overall disease burden, with estimated
events of 10.7% in the younger-than-2-years-old popula-
tion and 4.8% in the 2- to 4-year-old age group. (1) Ac-
tual rates have been estimated at 0.46 to 15.8/1,000
patient days. Hospital-acquired infections account for
w27% of the total rotavirus hospital burden annually,
which correlates with one out of every three cases in
the hospital occurring in a patient admitted for another
diagnosis. These rates have remained stable for the last
20 years, indicating that increased efforts to promote
hand hygiene likely have little impact on nosocomial
spread. Rotavirus is three times more likely than influenza
and six times more likely than respiratory syncytial virus
to be transmitted nosocomially.

It is likely that the epidemiology of rotavirus cases is
underestimated because many children are managed clin-
ically without complete diagnostic testing, and the com-
prehensive coding necessary for adequate tracking for
epidemiologic purposes is possibly lacking.

Transmission
Rotavirus tends to peak in late winter or early spring,
when w83% of cases occur. (1) In the United States,
the disease generally used to begin in the southwest in
November or December and spread in a north and east
pattern until it completed its course in the northeast in
April or May. However, since the introduction of rotavi-
rus vaccines, this spatiotemporal pattern is becoming less
evident. (2) Although in warmer climates infections are
observed year long, some seasonality may be noted still.
The main route of spread is fecal–oral. Transmission is
compounded by close person-to-person contact and con-
tact with contaminated environmental surfaces.

Transmission is very effective due to several factors, in-
cluding large numbers of virions being shed in the stool,
a low infectious dose required, and prolonged asymptom-
atic shedding for as long as 3 weeks. Only 1 to 10 organ-
isms must survive to infect the bowel, so neutralization by
gastric acid is likely to be incomplete. Within households,
w20% of adult contacts will develop symptoms owing to
easy transmission.

There is also some suggestion that airborne transmis-
sion can occur in the cooler months. Virus has been iso-
lated from the respiratory tract and may even aerosolize
with emesis. Airborne transmission also has been postu-
lated to contribute to hospital-acquired infections with
rotavirus because hand hygiene and isolation have not de-
terred rates over several years. Very rarely, outbreaks have
occurred related to contaminated food and water.

Virology
Before understanding the pathogenesis of the disease and
how best to treat and prevent it, knowledge of the struc-
tural components of rotavirus is imperative. Rotavirus is
a member of the Reoviridae family. Its name comes from
its “wheel-like” appearance. Seven rotavirus groups,
A through G, have been identified. Group A causes
most human disease. Rotavirus contains 11 segments
of double-stranded RNA. These segments are responsible
for the six structural (viral proteins [VPs]) and six non-
structural proteins (NSPs) that comprise the complex
triple-layered capsid structure.

NSPs are produced within infected cells and function
in the replication cycle of the virus, interacting with host
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proteins and modulating pathogenesis, and they may
be responsible for immune responses to infection. VP7
forms the outer capsid protein structure of the virus,
whereas VP4 forms spikes through the surface of the vi-
rus. Both induce neutralizing antibodies, which may pro-
tect against future disease.

VPs are used to classify rotavirus. VP7 (a glycopro-
tein, G-type antigen) and VP4 (a protease-sensitive pro-
tein or P-type antigen) are used for classification, which
can be a bit confusing. This differentiation can be
achieved through the use of neutralization and genotype
sequencing assays. Viruses usually are referred to by their
G-serotype alone (for example, G1, G2, G3, etc).

P types also are determined by similar typing methods,
but results may not be concordant; so a dual system is
used for their classification. P serotypes are referred to
by numbers (for example, P1, P2, etc), and P genotypes
are denoted in brackets (P[8], P[4], etc). P genotyping is
the preferred classification method because P serotype as-
says are difficult to standardize.

There are at least 19 G and 28 [P] known types. At
least 11 VP4 P types and 10 VP7 types have been isolated
from humans. Many combinations of these may occur
in nature. However, not all infect humans. In human dis-
ease, four combinations are responsible for w90% of iso-
lates. These are G1 P[8], G2, G3, and G2 P[4]. The
geographic distribution of these types also varies. The
emergence and distribution of newer types may be influ-
enced by immune selection, which may result from vac-
cine use. (3)

As mentioned, NSPs are responsible for much of the
pathogenicity of the virus. NSP3 has been associated with
systemic spread, whereas NSP2 (and NSP5 and 6) are in-
volved with the formation of cytoplasmic viroplasms.
NSP4 is a key enterotoxin responsible for cellular death,
as well as secretory and malabsorptive diarrhea (see Sug-
gested Reading).

Pathogenesis
Rotavirus infects the nondividing mature enterocytes of
the small intestine. These cells are responsible for diges-
tive and absorptive functions. Inflammatory changes usu-
ally are mild, if present. Although malabsorption has been
considered the main end result of infection, a more com-
plex multifactorial process is responsible for the diarrheal
illness and its systemic complications.

The absorption of sodium and water and the release of
digestive enzymes are decreased. Undigested mono- and
disaccharides, carbohydrates, fat, and protein pass in the
colon, resulting in diarrhea. In addition, the enterotoxin
NSP4 has been found to block the function of the enteric

nervous system, resulting in the active secretion of fluids
into the lumen of the intestine. This effect results from
the release of calcium within the cells as well as the disrup-
tion of the integrity of the tight junction between cells.

Viremia occurs during rotavirus infection. Extraintes-
tinal disease may be the end result in some children. Ro-
tavirus antigenemia was detected in 90% of children with
rotavirus-positive stools. Infectious virus was detected in
100% of sera from serum antigen-positive children. The
amount of antigenemia detected was inversely propor-
tional to the amount of antirotavirus immunoglobulin
A antibody present in the serum. Rotavirus-specific intes-
tinal immunoglobulin A is responsible for protection
against subsequent infection. CD8þ T cells help shorten
the course of primary infections. Interferon also may help
contain the severity of rotavirus infection and prevent sys-
temic spread.

Clinical Presentation
The incubation period of rotavirus is 1 to 3 days. Gener-
ally, symptoms begin abruptly with vomiting and diarrhea.
However, there is a wide clinical spectrum, including
asymptomatic disease, depending on the infecting geno-
type. Vomiting usually dissipates within 1 to 2 days as
gastric emptying improves, but diarrhea persists for an av-
erage of 5 to 8 days, with a range extending as long as
21 days. The diarrhea is both osmotic and secretory in
nature and can result in 8 to 20 stools per day. The stools
are malodorous and very watery, but blood is a rare find-
ing. Fever will occur in approximately one third of in-
fected individuals. Duration of symptoms is w3 to 7
days, although shedding can continue asymptomatically
for several weeks.

Rotavirus is much more likely to lead to dehydration
compared with other viral causes of diarrheal illness due
to the volume of diarrhea it induces. Severity of disease
correlates with age at first onset. If the first infection oc-
curs between 3 and 35 months of age, it is likely to be of
the most severe variety. At this age, infection can progress
all the way to necrotizing enterocolitis. As many as 30%
to 40% of necrotizing enterocolitis cases could be second-
ary to rotavirus infection. Less severe infections in young
infants (younger than 3 months of age) likely are due to
transplacental maternal antibodies. Although repeat in-
fections can occur throughout life, protective immunity
ameliorates serious disease after one to two infections,
which correlates with fewer hospitalizations for those
older than 5 years.

Extraintestinal manifestations of rotavirus, although
rare, have been described. Encephalitis, encephalopathy,
benign seizures, myositis, and poliomyelitis-like paralysis
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have been reported. Bacterial bloodstream infections may
occur as a complication of rotavirus.

Certain populations have been studied extensively
with regard to rotavirus, including patients having various
forms of immunodeficiency. In severe combined immu-
nodeficiency (SCID) disease, the incidence of rotavirus
infection is w1 in 50,000 to 100,000. In both SCID
and HIV-infected patients, the severity of clinical illness
appears to be consistent with that seen in nonimmunode-
ficient counterparts, although both the symptomatic pe-
riod and the shedding phase can continue for significantly
longer periods. Chronic diarrhea may develop, and hep-
atitis has been described more frequently in immuno-
compromised children.

Diagnosis
Most children with less-than-severe nonbloody gastroen-
teritis will not require a diagnostic evaluation. Most
rotavirus infections are diagnosed solely on the basis of
clinical findings. Rotavirus was identified first by direct
visualization via electron microscopy. This method is
highly sensitive and specific. However, its utility in the
evaluation of large sample numbers during the peak sea-
son is encumbered by the slowness of direct visualization
techniques. Specialized equipment and highly trained op-
erators are required also, making this choice an impracti-
cal method during peak season.

Antigen techniques, including enzyme immunoassay
and latex agglutination, are widely commercially avail-
able. Enzyme immunoassay and latex agglutination tests
can be performed on fresh stool specimens sent in clean
containers with no preservatives or media. These assays
are easy, fast, and have high sensitivity and specificity
(70%–98%). The tests are extremely reliable in the first
few days of illness when the viral load is high and have
an excellent positive predictive value in the peak season.

Reverse-transcriptase polymerase chain reaction tech-
nology is available in research laboratories. This testing
has the greatest potential for sensitivity and specificity
and can be run on small specimens with few virions, mak-
ing it superior for diagnosis late in the disease course.
However, its expense and risk of cross-contamination,
as well as limited availability, make it a rare commodity.

Culture generally is not done in diagnostic laborato-
ries because cell cultures for the most part are resistant
to infection by rotavirus virions. With the antigen techni-
ques being excellent performers as well as inexpensive,
cultures offer little additional value. Serologic tests are
used only for grouping new isolates, defining epidemiol-
ogy, or furthering research issues and are not useful in
clinical diagnosis.

Techniques such as culture, electron microscopy,
and polymerase chain reaction are not used routinely.
However, these procedures may be of clinical utility in
outbreak investigations or when infections in immuno-
compromised hosts may be related to vaccine strains.
Testing also may be beneficial in patients with extraintes-
tinal complications such as hepatitis, pneumonitis, en-
cephalopathy, and convulsions. Caution is merited when
evaluating infants with gastroenteritis who have recently
received oral rotavirus vaccine. These infants may have
detectable vaccine-derived antigen 3 to 9 days after vac-
cination, whereas peak shedding is observed 6 to 8 days
postvaccination.

Treatment
Supportive Care

The management of rotavirus gastroenteritis is support-
ive. Fluid replacement, nutritional support, and symp-
tomatic relief are the key components of this therapy.
The infant over age 3 months is more likely to require
support because these patients are more likely to have se-
vere disease. Most patients can be managed at home
through the use of oral fluids (oral rehydration solutions
[ORSs]). Even patients with vomiting can be hydrated
effectively by mouth. A nasogastric tube can be used in
children unable to take fluids by mouth. Children who
are not dehydrated or vomiting should continue to take
their usual diets. Children who are severely dehydrated or
have persistent vomiting will need intravenous fluids. A
detailed discussion of fluid management is beyond the
scope of this publication. Readers are encouraged to re-
view excellent sources of information for further assis-
tance on this key component of supportive therapy (see
Suggested Reading).

Probiotics
Probiotics have been used to “treat” rotavirus gastroen-
teritis. A randomized double blind-controlled clinical
trial in hospitalized children revealed that probiotics de-
creased the duration of diarrhea when compared with
ORS therapy alone. Lactobacillus rhamnosus strain GG
appeared to be the most effective product. Yogurt fluid
treatment and Saccharomyces boulardii were comparably
effective in the treatment of acute nonbloody diarrhea in
children, but the duration of diarrhea was shorter in those
receiving S boulardii.

Immunoglobulins
The oral administration of immunoglobulin was associ-
ated with a faster recovery from acute gastroenteritis
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when compared with a placebo. This modality of treat-
ment has been used in children with chronic diarrhea, fre-
quently among immunocompromised children.

Nitazoxanide
Of interest, when nitazoxanide, an antiparasitic agent
used to treat Cryptosporidium and Giardia, was adminis-
tered in combination with probiotics, the median dura-
tion of hospitalization and duration of diarrhea were
significantly reduced when compared with ORS therapy
alone.

Prevention
The first lines of defense against any infectious disease are
hand hygiene and sanitation efforts. Rotavirus infection
is no exception. However, the incidence of rotavirus
has not been attenuated in areas of improved hygiene
and sanitation, likely due in part to the small number
of virions required to cause symptomatic infection. Con-
tact isolation and appropriate cleaning of environmental
surfaces, however, must be maintained.

Due to the heavy disease burden, morbidity, and costs
associated with rotavirus infection, it is reasonable to as-
sume that if the protection afforded by natural infection
were to be duplicated, disease could be attenuated signif-
icantly and possibly prevented. Additionally, the vaccine
could have a substantial priming effect if, after being im-
munized, children who are then exposed to circulating
wild type virus might have a boosted immune response
as a result.

Rotavirus Vaccines
Thefirst rotavirusvaccine(RotaShield,Wyeth-AyerstPhar-
maceuticals, Philadelphia, PA) was licensed in the United
States in 1998 but was withdrawn a year later due to con-
cerns over increased risks of intussusception. Currently,
there are two vaccines available commercially in theUnited
States and inmanyother countries (Table1).Apentavalent
rotavirus vaccine(RV5;RotaTeq;MerckandCo, Inc,West
Point, PA) and a monovalent rotavirus vaccine (RV1;
Rotarix; GlaxoSmithKline, Philadelphia, PA) were found
to be highly effective (98%–100%) in preventing severe
gastroenteritis, and both have demonstrated reductions
in diarrhea-related hospitalizations. (4)(5) No increase in
cases of intussusceptionwas observed in these randomized,
placebo-controlled studies.

In 2006, the World Health Organization (WHO) rec-
ommended use of the rotavirus vaccines in the United
States and Europe. Several observations can already be
made with regard to the impact of rotavirus vaccination

in these regions. In the 2007–2008 season, despite there
not being a full year of vaccination, reduction in diag-
nosed cases of rotavirus were greater than expected, in-
dicating that any degree of vaccination may induce
some herd immunity. Vaccination was shown in that
time period to result in delayed onset and decreased
peak numbers of hospitalizations, indicating efficacious
immunogenicity in infants.

The following season, 2008–2009, revealed slightly
less effectiveness, with increased admissions in the 2 to
4 years of age range. However, this is the group that
would not have been immunized at the time. Based on
these findings, the WHO extended its recommendations
for rotavirus vaccine to be included in all national vacci-
nation programs around the world in 2009. The WHO
prioritized efforts in nations in which diarrheal disease ac-
counts for >10% of childhood mortality. Studies from
Latin America and Africa have demonstrated significant
reductions in hospitalizations, diarrhea-related health-
care visits, (6)(7) and, in one study, diarrhea-related
deaths (Table 2). (8)

Vaccines and Intussusception
Adverse events from vaccination are very few. The major
concern, a possible increase in intussusception, has been
the effect most discussed and studied. Per the Centers for
Disease Control and Prevention, the attributable intus-
susception risk is 40 cases per 3.9 million doses. This find-
ing led to an initial precautionary alert and a current
contraindication regarding use of the vaccine in infants
who have a history of intussusception. However, the Ad-
visory Committee on Immunization Practices considers
the benefit of protection against severe rotavirus disease
to outweigh the possible increased risk of intussusception
after rotavirus vaccine.

Recently, postlicensure surveillance from Brazil and
Mexico demonstrated a slight increase in cases of intus-
susception in association with receipt of RV1. (6) In
Brazil, a 1.9 to 2.6 increase in risk was observed 1 to 7
days after the second dose of vaccine. An increased risk
was observed after the first dose in Mexico. The com-
bined annual excess of 96 cases of intussusception in
these countries (with five deaths due to intussusception)
due to RV1 needs to be put into perspective with the fact
that the vaccine preventedw80,000 hospitalizations and
1,300 deaths attributed to diarrhea each year.

Vaccines and Immunocompromised Hosts
Several special populations deserve mention with regard
to rotavirus vaccination. The vaccine is contraindicated in
patients who have SCID. However, often, SCID may go
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undetected for long periods due to persistent maternal
antibodies. This lack of detection can result in inadver-
tent immunization in this population at risk. Vaccination
has been shown to cause severe gastroenteritis with
protracted viral shedding for as long as 6 months. Risk
of inadvertent vaccination is one of the reasons for
a movement to consider adding SCID to the newborn
screening panel.

In patients who have HIV, no increase in adverse
events were seen in comparison with the general popula-
tion, and the maximum time of viral shedding postvacci-
nation wasw7 days, the same as in patients who are HIV
negative. There was no effect on the immunosuppressive
effects of the primary HIV disease.

Vaccine Use in Developing Countries
In resource-limited settings, there have been concerns that
the vaccine may not be as immunogenic as in the developed

world. This difference may be due in part to host and en-
vironmental factors, such as malnutrition with poor absorp-
tive capacity, interference by breast milk antibodies, or
concurrent enteric infections. There is concern also that im-
munity may be more at risk of waning over time in re-
source-limited countries because the short-lived intestinal
response may dominate versus a long-term response, and
systemic responses may be less robust. However, studies
in El Salvador have revealed that one dose confers w50%
protection and would have its greatest impact in the 2-
to 6-month age range when the risk of death is greatest.

Vaccination programs in El Salvador revealed a 40% to
50% reduction in admissions for gastroenteritis due to ro-
tavirus in the 2008–2009 season and, overall,w76% pro-
tection. Additional studies in India, which accounts for
23% of worldwide deaths due to rotavirus, have revealed
that 44,000 deaths, 293,000 admissions, and 328,000
outpatient visits are prevented by the national rotavirus

Table 1. Commercially Available Vaccines

RotaTeqa Rotarixb

Type Live attenuated Live attenuated
Administration Oral Oral
Dose 3 doses at 2, 4, and 6 months of age 2 doses at 2 and 4 months of age
Serotypes 5 human reassortment human/bovine strains (RV5) G1,

G2, G3, G4, and P[8]
Single human strain (RV1) G1P[8]

RV1¼monovalent rotavirus vaccine; RV5¼pentavalent rotavirus vaccine
aMerck and Co, Inc, West Point, Pennsylvania.
bGlaxoSmithKline, Philadelphia, Pennsylvania.

Table 2. Rotavirus Vaccination: Effect on Disease Activity; Representative
Studies

Study Location Vaccine Type Comment Reference

Multiple countries RV5 Efficacy against G1–G4 AGE: 74%
Against severe AGE: 98%

(5)

Latin America, Finland RV1 Efficacy against rotavirus-related hospitalizations: 85%
Against severe rotavirus AGE: 100%

(4)

Private practice, United States RV5 Fewer office visits and hospitalizations for AGE (9)
18 states, United States RV5 Reduction in hospitalizations for AGE (10)
El Salvador, Central America RV1 69%–81% reduction in hospital admissions for

rotavirus diarrhea
(11)

Nicaragua, Central America RV5 Reduction in diarrheal episodes among infants (12)
Large children’s hospital,
United States

RV5, RV1 Over 60% reduction in rotavirus hospitalizations (13)

Pediatric hospital networks RV5, RV1 47%–55% reduction in all-cause diarrhea-related
hospitalizations

(14)

AGE¼acute gastroenteritis; RV1¼monovalent rotavirus vaccine; RV5¼pentavalent rotavirus vaccine.
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immunization program, saving w$20.6 million per year.
Multiple studies have revealed that population benefits
with herd immunity interrupting transmission may be
greatest in the resource-limited countries.

Vaccine Usage and Strain Ecology
In Central Australia, the G1P[8] or RV1 vaccine was
found not to have a protective effect against rotavirus dis-
ease caused by an outbreak-associated G2P[4] strain. (3)
Vaccine effectiveness against rotavirus-related hospitali-
zation was only 19%. This lack of protection may be
the end result of a shift in the genotype strain ecology re-
sulting from widespread vaccination. Further studies
will be needed to assess this possibility. Newer effective
and less expensive vaccines will be needed, especially
for countries with limited-resources. Several candidate
vaccines (for example, 116E) are undergoing study.
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Summary

• Rotavirus is a leading cause of gastroenteritis
worldwide. The greatest morbidity and mortality is
observed among young infants in the developing
world.

• Fever, vomiting, and diarrhea are the most common
signs and symptoms of the disease.

• Although highly sensitive and specific antigen assays
are commercially available, most diagnoses can be
made based on clinical manifestations and will not
require diagnostic testing.

• Treatment is supportive, with special attention to be
placed on the replacement of fluids. In most instances,
this goal can be achieved through the use of oral
rehydration solutions.

• The use of probiotics, oral immunoglobulins, and
nitazoxanide has been shown in some studies to be of
benefit in children with prolonged diarrhea. However,
further studies are needed before these therapies can
be recommended for all patients.

• The most dramatic effect on disease activity has been
observed in countries in which rotavirus vaccination
has been incorporated. These vaccines have been
shown to be effective and safe.

• Widespread vaccination will continue to alter the
epidemiology of the disease and will prevent many
hospitalizations and save many lives.
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PIR Quiz
This quiz is available online at http://www.pedsinreview.aappublications.org. NOTE: Since January 2012, 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. 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 the 2012 issues of Pediatrics in Review, AMA PRA Category 1 CreditTM may 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. You have just diagnosed a 3-month-old girl as having gastroenteritis caused by rotavirus. Her mother expresses
concern that her other two children could develop symptoms as well, and she asks how the virus is spread.
Which of the following is the most common mode of transmission?

A. Contact with infected domestic animals.
B. Ingestion of contaminated water.
C. Ingestion of fecal particles from an infected person.
D. Inhalation of aerosolized particles from an infected person’s emesis.
E. Skin-to-skin contact.

2. The mother of the children described above asks you what she should expect with respect to her other two
children and wonders when their symptoms might start if they are exposed to rotavirus. Which of the following
is your best response?

A. They likely will develop symptoms within 1 to 3 days after exposure.
B. They likely will develop symptoms within 4 to 6 days after exposure.
C. They likely will develop symptoms within 7 to 9 days after exposure.
D. They likely will develop symptoms within 10 to 12 days after exposure.
E. They will not develop symptoms until at least 2 weeks after exposure.

HealthyChildren.org Parent Resources From the AAP

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

• http://www.healthychildren.org/English/health-issues/vaccine-preventable-diseases/Pages/Rotavirus.aspx
• http://www.healthychildren.org/English/safety-prevention/immunizations/Pages/Protect-Your-Child-from-Rotavirus.aspx
• http://www.healthychildren.org/English/safety-prevention/immunizations/Pages/Rotavirus-Vaccine-What-You-Need-to-Know.aspx
• http://www.healthychildren.org/English/safety-prevention/immunizations/Pages/Protection-from-Rotavirus.aspx
• http://www.healthychildren.org/English/safety-prevention/immunizations/Pages/Rotavirus-and-Other-Viruses-Causing-

Gastrointestinal-Illness.aspx
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3. A 2-year-old girl is brought to your clinic with a 2-day history of nonbloody diarrhea, fever, and occasional
vomiting. Her mother reports an ill contact with a similar illness. You suspect rotavirus and decide to order
testing on the girl’s stool to confirm your diagnosis. Which of the following is the most appropriate test to
order?

A. Culture.
B. Electron microscopy.
C. Enzyme immunoassay.
D. Polymerase chain reaction.
E. Serologic test.

4. You determine that the 2-year-old girl described above has not vomited in the past 24 hours. She has moist
mucous membranes, normal vital signs, and a normal physical examination. Which of the following is the most
appropriate management at this time?

A. Admit her to the hospital for intravenous fluid replacement.
B. Begin a strict diet of bananas, rice, and toast until diarrhea resolves.
C. Encourage oral replacement fluids and continue her usual diet.
D. Place a nasogastric tube and administer replacement fluids via gavage.
E. Start a trial of oral immunoglobulin.

5. You are designing a case-based module to educate your office staff regarding the use of the vaccines against
rotavirus. For which of the following patients is the vaccine contraindicated?

A. A boy who has a current upper respiratory tract infection.
B. A boy who has had a prior episode of gastroenteritis.
C. A boy who has severe combined immunodeficiency.
D. A girl who has HIV.
E. A girl who is allergic to cow milk protein.
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Educational Gap

With nearly half of pediatricians still not using standardized screening tools, primary care

clinicians should know that the periodic use of general developmental and social-emotional

screening tools has been proven to identify promptly two to six times more children (age 0–

5 years) with suspected delays than a clinician’s unstructured surveillance alone.

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

1. Recognize the many methods available to detect a wide spectrum of developmental

and behavioral conditions with screening tools, and the screening schedule

recommended by the AAP.

2. Recognize that universal, periodic screening with psychometrically sound

developmental-behavioral instruments greatly enhances a clinician’s ability to detect,

refer, and monitor children who have evolving developmental and behavioral

problems. A pediatric provider’s impression has good specificity but poor sensitivity

and thus has difficulty identifying the less obvious delays.

3. Know that children who have false-positive screens (screening test concerning but

subsequently ineligible for early intervention or early childhood special education

services) are a high-risk group in need of close monitoring and other community

services such as evidence-based parenting programs and Head Start.

4. Know the main limitations of applying standardized screening tools into a primary

care setting.

5. Be aware that screening measures which adhere to core psychometric and feasibility

standards are more likely to perform consistently well and be found sustainable in

a primary care setting.

Introduction
Developmental and behavioral problems are among the most
common conditions of childhood and adolescence; 15% of
children have a developmental disability and 21% have a men-
tal health disorder. If intervention is instituted before kinder-
garten entrance, many problems can be prevented and the
large majority can be ameliorated. In the United States, early
detection depends heavily on primary care providers. Primary
care clinicians should know that the periodic use of general
developmental (1)(2)(3)(4) and social-emotional (5) screen-
ing tools has been proven to identify promptly two to six times
more children (age 0–5 years) who have suspected delays than
a clinician’s surveillance alone. (1)(2)(3)(4)(5) This difference
in outcome includes foster care populations, in whom pedia-
tricians possess knowledge of children being at higher risk for
a developmental delay or social-emotional disorder. (4)(5)
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ASQ: Ages and Stages Questionnaire
ASQ-3: Ages & Stages Questionnaire, Third Edition
ASD: autism spectrum disorder
ECSE: early childhood special education
EI: early intervention
M-CHAT: Modified Checklist for Autism in Toddlers
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PEDS: Parents’ Evaluation of Developmental Status
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Developmental Milestones
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Periodic screening leads to substantial increases in
early intervention (EI) and early childhood special educa-
tion (ECSE) eligibility rates. (1)(2) Interestingly, the per-
centage of pediatricians “who self-reported always/
almost always using ‡1 screening tools” has increased sig-
nificantly from 23.0% to 47.7% from 2002 to 2009. (6)
With greater numbers of clinicians incorporating stan-
dardized screening tools into their practices, a better un-
derstanding of how to optimize their performance is
needed. With nearly half of pediatricians still not rou-
tinely using standardized tools, further education is war-
ranted about which tools are feasible for use in primary
care, with attention paid to which tools are psychometri-
cally sound. Education also is warranted on how practi-
tioners can better employ screens in a 1) safe, 2)
equitable, 3) effective, 4) timely, 5) patient- and parent-
centered, and 6) efficient manner. These are the Institute
of Medicine’s six quality aims.

Surveillance is the process in which clinicians watch for
signs of developmental or behavioral problems in the
course of caring for children. Screening refers to the use
of brief standardized tools to differentiate those who need
a further evaluation for potential problems from those who
probably do not. Although screening measures help to

refine the pattern of delays in children who have detectable
problems, they are meant primarily for children perceived
to be asymptomatic by the clinician and for those in whom
surveillance demonstrates risk.

Developmental-behavioral screens are different from
many othermedical screens, which seek to identify a strictly
positive or negative condition (eg, cystic fibrosis, congen-
ital hypothyroidism, phenylketonuria). In fact, research
indicates that children who have false-positive screens
(screening test positive/concerning but subsequently
ineligible for EI/ECSE services) are a high-risk group
in need of diligent monitoring and other community re-
sources. (2)(7)

There are numerous categories of developmental-
behavioral screening instruments (Table 1) used to iden-
tify a wide spectrum of developmental-behavioral condi-
tions with variable prevalence rates at different ages
(Table 2). Parent-report screens (Figs 1–3) typically are
designed to measure one of the first three components
of developmental-behavioral surveillance: 1) eliciting
and addressing parents’ concerns; 2)maintaining a develop-
mental-behavioral history (reviewing milestones and be-
haviors); and 3) identifying developmental-behavioral
risk and protective factors (biological and environmental).

Table 1. Common Developmental-Behavioral Screening Tool Categories

I. Parent-report: measures parental concerns versus; milestones/skills and behaviors versus; developmental-behavioral
(biological and environmental) risk and/or protective factors versus; a history of parent–child interactions versus
a combination of all of the above.
II. Practitioner-administered: directly eliciting and/or observing milestones/skills and behaviors about the child and/or the
parent–child interactions. In reality, many practitioner-administered tools have parent-report items.

Broad-band Screening Measures Narrow-band Screening Measures
A. Broad-band family psychosocial 1. Parental mood disorder/depression-specifica

2. Parental substance abuse–specific
3. Domestic violence–specific
4. Parental adverse childhood experience–specific

B. Broad-band (general) developmentala 1. Social-emotional
2. Language- and cognitive-specific
3. Communication–specific
4. Autism-specifica

5. Motor-specific
C. Broad-band mental health/behavioral/psychosocial

functiona
1. ADHD-, oppositional defiant-, conduct disorder–specific
2. Academic- and/or literacy-specific
3. Anxiety disorder–specific
4. Depression/mood disorder–specificb

5. Substance abuse–specifica

6. Suicide-specific

ADHD¼attention-deficit/hyperactivity disorder.
aThe AAP recommends universal postpartum maternal mood disorder screening in the first year (experts recommend 2, 4, and/or 6 months), general
developmental screening at 9, 18, and 30 (or 24) months (AAP experts also recommend a “kindergarten readiness” screening at 4 years), autism-specific
screening at 18 and 24 months, mental health/psychosocial function screening at every health supervision visit ‡5 years, and substance abuse–specific
screening at every health supervision visit throughout adolescence.
bThe US Prevention Service Task Force recommends depression-specific screening at every health supervision visit throughout adolescence.
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Practitioner-administered screens (Fig 4), which di-
rectly elicit or make observations about the child’s skills
and behavior, generally measure another component of
surveillance, making accurate and informed observa-
tions about the child and parent–child interactions.
Screens may be broad-band (general) (Figs 1 and 4),
meaning they tap all or most developmental-behavioral do-
mains (expressive speech and language, receptive language,
gross motor, fine motor, cognitive/problem-solving, self-
help and adaptive skills, social-emotional/behavior) or
narrow-band (Fig 2), meaning domain-, disorder-, or dis-
ability-specific. Narrow-band screens may partially tap one
or more domains but are not designed to assess the wide
spectrum of development-behavioral conditions at various
ages (Table 2) and, therefore, ideally should always be
used in conjunction with a broad-band screen.

Current Recommendations
The American Academy of Pediatrics (AAP) currently rec-
ommends universal postpartum mood disorder screening
in the first year after birth; general developmental screen-
ing at 9, 18, and 30 (or 24) months; autism-specific
screening at 18 and 24months; social-emotional screening

whenever a general or autism-specific instrument is abnor-
mal; “kindergarten readiness” screening at 4 years; social-
emotional/mental health/psychosocial function screening
at every health supervision visit from ages 5 to 18 years;
and substance abuse–specific screening at every health
supervision visit throughout adolescence.

In addition, according to the AAP, an appropriate
screen should be administered whenever a clinician’s sur-
veillance determines “risk.” All of these screening recom-
mendations have heightened the need for clinicians to
implement office-based and community-based systems
that are simultaneously effective and efficient, especially
for those for whom research suggests interventions are
most effective: the 25.7 million children in the United
States who are age <5 years (projected population in
2012 per http://www.childstats.gov).

Incorporating Periodic Screening Into Ongoing
Surveillance
Figure 5 provides a collaborative model for screening and
surveillance in a medical home setting and is a combina-
tion of the 2006 developmental, 2007 autism spec-
trum disorders (ASDs), and 2010 mental health AAP

Table 2. Prevalence of Developmental-Behavioral Conditions in Childrena

Any developmental disability 15.0% (3–17 y in 2006–2008)
Condition Prevalence (%; most studies conducted in the United States)
Common conditions (‡1%)
1. Social-emotional/behavioral disorders • 21% (children and adolescents who meet criteria for a mental

health disorder with at least minimal impairment in 1999)
• 9.5%–14.2% (“serious emotional disturbance,” 0–5 y in
2006)

2. Speech and language impairment • 13.5% (expressive speech delays, 18–23 mo in 1996–2000)
• 17.5% (expressive speech delays, 30–36 mo in 1996–2000)
• 7.4% (language impairment, kindergarten in 1997)

3. Attention-deficit/hyperactivity disorder • 7.6% (3–17 y in 2006–2008)
• 4.1% (4–8 y in 2006–2008)

4. Learning disability • 7.2% (3–17 y in 2006–2008)
5. Developmental coordination disorder • 6% (5–11 y in 2000); 1.7% (7–8 y in 2009)
6. Intellectual disability/mental retardation • 1.2% (3–10 y in 1991)

• 0.67% (3–17 y in 2006–2008)
7. ASDs • 0.66% (8 y and 3–10 y in 1998)

• 1.1%b (3–17 y in 2006–2008)
Less common conditions (< 1%)
8. Cerebral palsy • 0.24% (3–10 y in 1991)
9. Hearing impairmentc • 0.38% (3–17 y in 2006–2008)
10. Vision impairmentd • 0.13% (3–17 y in 2006–2008)

ASD¼autism spectrum disorder.
aPlease note that all of these developmental-behavioral conditions have high rates of comorbidity.
bIn 2007, the ASD point prevalence was 110 per 10,000 (1.1%). Diagnosis of ASD was defined by 1) a physician or other health-care provider who said that
the child had ASD and 2) that the child currently had the condition. Nearly 40% of those ever diagnosed with ASD did not currently have the condition at the
time of a random-digit-dial telephone National Survey of Children’s Health (sample size ¼ 78,037).
cDefined by the Centers for Disease Control and Prevention as moderate hearing loss (40 dB) or worse, unaided, in the better ear.
dDefined by the Centers for Disease Control and Prevention as 20/70 visual acuity or worse, with correction, in the better eye.
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algorithms. (8) When a psychometrically sound screen rai-
ses concerns, the algorithm emphasizes system-wide
referral care coordination and a secondary screening or
assessment, which, in a primary care setting, is best ac-
complished with the help of an EI/ECSE agency and
an early return (£1 month) office visit.

In this algorithm, pediatric clinicians are encouraged
to refer automatically when their clinical impression
confidently detects a developmental delay or if the child
possesses a biological or environmental condition associated
with a sufficiently high probability of a delay; developmental-
behavioral promotion has been formally incorporated as a
component of surveillance to make the process safer, more

effective and parent-centered; plus
greater detail has been provided
about the decisions and action
steps that should reliably occur af-
ter a screening test is administered
(ie, postscreening surveillance). (8)

“Structured surveillance” means
that the process and decision-making
are enhanced with periodic screening
by using evidence-based measures.
(8) “Unstructured surveillance”
means that the process and decision-
making are reliant on subjective im-
pressions or casual observations. (8)
In a systematic review, a pediatric
clinician’s unstructured surveillance,
when compared with a validated
screening tool or a diagnostic inter-
view, has good specificity (the propor-
tion of children correctly identified
as not having a developmental-
behavioral problem) ranging from
69% to 100%, but poor sensitivity
(the proportion of children correctly
identified as having a developmental-
behavioral problem) ranging from
14% to 54%. (9)

When pediatric health-care pro-
viders detect a problem, they usually
are correct; however, they struggle
to identify the majority of delays,
most likely because they over-rely
on psychometrically unsound mile-
stone checklists with vague referral
criteria. (1)(2)(8) As a result, the
large majority of children who have
evolving developmental-behavioral
problems can be deprived of the ben-

efits of EI, ECSE, or other evidence-based community
services before kindergarten entrance.

Periodic screening (ie, structured surveillance) has been
proven repeatedly to enhance a clinician’s ability to
detect, refer, and monitor children who have evolving
developmental-behavioral problems. (1)(2)(3)(4)(5)(8)

Limitations of Screening in Primary Care
Although standardized screening improves the quality of
care at health supervision visits, increases parental satisfac-
tion, leads to substantial cost savings for society, and pos-
itively affects the lives of children and families via the

Figure 1. Broad-band (general) developmental: parent-report screening measures. Core
standards are highlighted in yellow. See text to explain shading and see Table 3 for
abbreviations.
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benefits of EI and ECSE, clinicians should be aware that
screening has its limitations. No single instrument will
suffice to identify every developmental-behavioral prob-
lem and match the needs of every population or practice
setting. The population screened and the method of im-
plementation affect the psychometric properties of
a screening measure. Screens can be falsely negative
(ie, they can yield negative or borderline results, but
the child could be promptly deemed eligible for EI/
ECSE services) or falsely positive (ie, the screening test
is positive or concerning, but the child is subsequently
deemed EI/ECSE ineligible). However, a clinician’s

longitudinal surveillance can be
used to better interpret the typical
or borderline results of a screening
test.

For example, when a pediatri-
cian confidently suspects a delay
and, simultaneously, a screen such
as the Ages and Stages Question-
naire (ASQ) is found to be typical
or borderline, 92% of pediatrician-
referred children (blind to ASQ re-
sults) promptly receive some form
of EI services (40% are found to be
EI-eligible; 52% are placed on an
EI-monitoring list). (1) However,
there is no evidence to support the
concept that unstructured surveil-
lance should be used to override
the concerning results of a psycho-
metrically sound screen and negate
the need for a community-based
referral. (8) Children who fail
screening tests and subsequently
are not promptly found to have a
developmental-behavioral diagno-
sis (false-positives) nonetheless
tend to have numerous psychoso-
cial risk factors and exhibit perfor-
mance well below average in the
better predictors of school suc-
cess: pre-academics, language,
and intelligence. (7) Indeed, chil-
dren found to have false-positive
screening results are a high-risk
group in need of closer monitoring,
repeat screenings at subsequent
visits, and other community re-
sources (eg, evidence-based par-
enting programs, nurse home visit

programs, high-quality child care, structured preschools
such as Head Start).

Evaluating Specific Characteristics of
Screening Measures
Although experts agree that no single screening instrument
will suffice to identify every developmental-behavioral
problem in every practice setting, it is also true that
all screening tools are not constructed equal. In 2008,
Drotar et al (10) provided guidelines to help pediatri-
cians select which screening tools were best-suited to
their practices based on their population’s risk level.

Figure 2. Narrow-band parent-report: social-emotional (SE), communication & autism-
specific screens. Data not included for the M-CHAT Follow-up Interview (FI), which is
recommended for any failed M-CHAT. Core standards are highlighted in yellow. See text
to explain shading and see Table 3 for abbreviations.
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For general developmental parent-report tools, Drotar
et al recommended the ASQ and Parents’ Evaluation of
Developmental Status (PEDS) for general primary care
populations and the ASQ specifically for high-risk popula-
tions. For ASD-specific screening tools, the Modified
Checklist for Autism in Toddlers (M-CHAT) was recom-
mended for general primary care populations. For further
details and recommendations, refer to http://www.cmwf.
org/Content/Publications/Fund-Manuals/2008/Feb/
Pediatric-Developmental-Screening–Understanding-and-
Selecting-Screening-Instruments.aspx.

Since 2008, new tools have been developed (eg, Pa-
rents’ Evaluation of Developmental Status–Developmental

Milestones [PEDS:DM], Quantita-
tive Checklist for Autism in Tod-
dlers), and others have undergone
revisions (eg, Ages & Stages Ques-
tionnaire, Third Edition [ASQ-3]).
In 2009, an AAP periodic survey,
in concert with the screening tool
selection trends in national and
statewide implementation initiatives,
collectively suggested that the ASQ,
PEDS, and M-CHAT have emerged
as the three most commonly selected
screening instruments for children
age 0 to 5 years in US primary care
settings. (6)

For broad-band developmental
screening tools, from 2002 to
2009, pediatricians’ use of the ASQ
increased from 7.3% to 22.4% and
use of the PEDS increased from
2.4% to 15.9%. (6) In 2011, a well-
designed study indicated that the
ASQ (second edition) was signifi-
cantly more accurate than the PEDS,
especially for children over age 30
months, in the identification of de-
velopmental delays in a primary care
setting. (11) The strengths of the
ASQ include its accuracy (both over-
all and across all age ranges) and its
ability to be used as a developmental
promotion tool. When caregivers
mark “not yet” to an item because
they have never tried that particular
developmental task with their child,
this is considered a “teachable mo-
ment,” where clinicians can promote
a new developmental activity.

Although multiple primary care studies suggest that
the paper-based ASQ is feasible, it does require getting
all items on the correct age-interval ASQ thoughtfully
completed by caregivers (and then correctly scored) before
the health supervision visit. In contrast, the strength of
the PEDS is its feasibility as a previsit screen with its 2- to
5-minute administration time, fourth- to fifth-grade read-
ing level, and single questionnaire format for all ages.

Interestingly, the PEDS has been designed to detect
a broader array of “at-risk” (not just “delayed”) children
and can be used not only as a screening and surveillance
measure but also as a scaffold to enhance parent–provider
communication. Compared with the ASQ, a higher

Figure 3. Mental health/behavior screening & assessment measures (used mostly in
school age children). Commonly used ADHD tools were included per the editor’s request;
however, an exhaustive list of depression-, anxiety-, and substance abuse-specific
screening tools was not included. Core standards are highlighted in yellow. See text to
explain shading and see Table 3 for abbreviations.
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percentage of children who have concerning or positive
screens on the PEDS, which casts a “broad net,” will
be found ineligible for EI/ECSE services and a higher
percentage of children who have delays will be missed be-
cause of a negative screening result (although this finding
varies by age).

Of note, the accuracy and feasibility of the ASQ and
PEDS theoretically improve with online modalities that au-
tomatically correct for prematurity, foster a more thought-
ful at-home/previsit implementation approach, and score
results without interference from human error. Also, with
its online modality, the PEDS can be used in combination
with the PEDS:DM.

For autism-specific screening tools, research now indi-
cates that the M-CHAT follow-up interview should be

administered routinely for any pos-
itive or borderline M-CHAT result
due to a high false-positive rate
(w90% are not subsequently diag-
nosed as having ASD) when using
the M-CHAT at 18 and 24 months
in a general, primary care popula-
tion. (8)

The strength of the M-CHAT is
its feasibility and that it is far less likely
to miss a case of autism, compared
with a clinician’s unstructured surveil-
lance. (8) Any positive M-CHAT re-
sult should lead to an EI/ECSE
agency referral and, ideally, an early
return office visit for further as-
sessment. Unfortunately, a positive
M-CHATdoes not necessarily justify
an expensive, comprehensive ASD-
specific evaluation and EI plan in all
cases. Children who screen positive
on the M-CHAT plus Follow-up In-
terview should be referred for an
ASD-specific EI plan and compre-
hensive evaluation. Although some
children will not be diagnosed as hav-
ing ASD, ultimately over-referrals
are not a major concern because
those not diagnosed as having ASD
generally have other developmental
disorders, predominantly language
impairment or cognitive disabilities.

Of note, unstructured surveillance
(eg, caregiver concerns about ASD;
worrisome social-communication
deficits or behavioral observations;

or having a sibling who has ASD) still should be used
in combination with the interpretation of a screening tool
(eg, a number of “critical” M-CHAT items failed) to de-
termine the need for an ASD-specific comprehensive eval-
uation and EI plan without need for the follow-up
interview.

To develop a deeper understanding about the
strengths and weaknesses of various screening tools, an
understanding is needed about the basic precepts behind
psychometric and feasibility standards. Core standards af-
fect a screening tool’s application to a primary care setting
(eg, performance on a wide variety of populations, screen-
ing tool completion rates, sustainability over time). The
question arises, what is a core standard? Throughout this
article, a core standard is defined as an inflexible property

Figure 4. Broad-band (general) developmental: practitioner-administered screening and
assessment measures. Core standards are highlighted in yellow. See text to explain
shading and see Table 3 for abbreviations.
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that is critically important for the effective and feasible per-
formance of a screening measure on a primary care popu-
lation but is not necessarily dependent on the individual
needs of a medical home.

Core standards provide a frame of reference to assure
that relevant technical information is provided, with the
hope that practitioners thereby will make wiser, more

informed decisions when selecting,
implementing, and interpreting
screening tools. To learn more about
what technical properties make a
screening tool psychometrically
sound, go to http://pedsinreview.
aappublications.org/content/33/
10/448/suppl/DC1, and to learn
what properties make a screening tool
feasible, go to http://pedsinreview.
aappublications.org/content/33/
10/448/suppl/DC2.

Application of Psychometric
and Feasibility Standards to
Primary Care
The AAP strongly endorses the use
of properly standardized, reliable
(‡80%), well-validated, and accurate
(sensitivity and specificity ‡70%)
screening instruments for the early
identification of developmental-be-
havioral problems. However, highly
accurate practitioner-administered
instruments often possess undesir-
able feasibility characteristics for
busy primary care settings. Practi-
tioners should look hard at how
practical any given instrument they
are considering will be in the office
setting. Suboptimal feasibility lowers
screening tool completion rates.
Lower completion rates logically
hinder early detection rates because
early detection is more apt to rely
on subjective, unstructured surveil-
lance instead of psychometrically
sound screens.

For the early detection of a broad
range of developmental delays be-
fore kindergarten entrance, parent-
report tools such as the ASQ-3,
PEDS, and the PEDS:DM are good

examples of effective and feasible screening tools that are
well-suited to a wide array of primary care settings; how-
ever, the use of yes/no checklists such as the Denver
Prescreening Developmental Questionnaire II, is not
recommended. For the early detection of a broad
range of social-emotional/mental health problems,
the Ages & Stages Questionnaire: Social-Emotional for

Figure 5. Algorithm for developmental-behavioral surveillance and screening (0 to 5
years) in a medical home setting. Permission to print this adapted figure was obtained
from Sage Publishing. � Kevin Marks MD, 2012
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children age 3 months to 5 years and the Pediatric Symp-
tom Checklist (PSC) for children age 6 to 18 years are
good examples of effective and feasible tools.

For autism-specific screening, the M-CHAT is currently
a commonly selected tool. However, whenever the
M-CHAT is positive (failed), it is important to administer
its follow-up interview to filter out which children are
truly in need of an ASD-specific comprehensive evaluation
and EI plan.

When selecting instruments, be aware that medical
home differences often exist in patient sociodemographic
characteristics, patient access, patient flow and volume, of-
fice staff resources, state EI/ECSE eligibility criteria, and
the availability of early childhood community resources.
For all these reasons, different practices may require a dif-
ferent combination of tools to optimize their early detec-
tion and referral rates. Table 3 provides a list of commonly
used tools, along with their abbreviations and Web links.

Objectively Comparing Measures for Primary
Care Settings
Although all screens have their individual strengths and
weaknesses, Figs 1–4 (which are by no means an exhaus-
tive list of measures) allow practitioners to compare some
of the more commonly selected measures objectively. Ask
yourself: 1) Which measures meet the majority of techni-
cal standards (white boxes) and best fit the needs of my
practice? 2) Which measures do not meet the majority of
technical standards (dark gray boxes)? 3) Which measures
variably or questionably meet many of these technical
standards (light gray boxes)? The authors of this article
do not have any conflicts of interest and have extrapolated
data directly from user manuals, official Web sites, and
published, peer-reviewed articles.

Of note, reported psychometric properties typically
were determined in a combination of at-home, day care,
preschool, and, less frequently, primary care settings by

Table 3. Abbreviations and Web Links for Commonly Used Measures

A. Broad-band developmental: parent-report screening measures
1. ASQ-3 [ Ages & Stages Questionnaire, Third Edition; http://www.pbrookes.com/
2. IDI [ Infant Development Inventory; http://www.childdevrev.com/index.html
CDR-PQ [ Childhood Development Review–Parent Questionnaire; http://www.childdevrev.com/index.html
CDI [ Child Development Inventory; http://www.childdevrev.com/index.html

3. PEDS [ Parents’ Evaluation of Developmental Status; http://www.pedstest.com
4. PEDS:DM [ Parents’ Evaluation of Developmental Status–Developmental Milestones; http://www.pedstest.com
5. PDQ-II [ Prescreening Developmental Questionnaire II; http://www.denverii.com/PDQ.html

B. Broad-band developmental: practitioner-administered screening or assessment measures
1. BDIST-II [ Battelle Developmental Inventory Screening Test–II; http://www.riversidepublishing.com
2. BINS [ Bayley Infant Neurodevelopmental Screener; http://www.psychcorp.co.uk/product.aspx?n[1316&skey[2070
3. Brigance Screens II; http://www/curriculumassociates
4. Capute Scales: CAT/CLAMS [ Cognitive Adaptive Test/Clinical Linguistic Auditory Milestone Scales; http://products.

brookespublishing.com/The-Capute-Scales-P360.aspx
5. Denver II; http://www.denverii.com/DenverII.html
6. PEDS:DM (AL) [ Parents’ Evaluation of Developmental Status–Developmental Milestones (Assessment Level); http://

www.pedstest.com
C. Narrow-band: social-emotional-, communication-, and autism-specific screening measures
1. ASQ:SE [ Ages & Stages Questionnaire: Social-Emotional; http://www.pbrookes.com/
2. BITSEA [ Brief Infant Toddler Social Emotional Assessment; http://pearsonassess.com/
3. Greenspan SEGC[ Greenspan Social-Emotional Growth Chart; http://www.pearsonassessments.com/cgi-bin/MsmGo.

exe?grab_id[0&page_id[8765&query[Greenspan&hiword[Greenspan%20
4. CSBS DP ITC [ Communication and Symbolic Behavior Scales Developmental Profile Infant/Toddler Checklist; http://

www.pbrookes.com,
5. M-CHAT [ Modified Checklist for Autism in Toddlers (and its M-CHAT follow-up interview); http://www2.gsu.edu/

wpsydlr/Diana_L._Robins,_Ph.D..html
D. Mental health screening and assessment measures (for school-age children)
1. PSC [ Pediatric Symptom Checklist; http://www2.massgeneral.org/allpsych/psc/psc_home.htm
PPSC [ Pictorial Pediatric Symptom Checklist; http://www2.massgeneral.org/allpsych/psc/psc_forms.htm

2. SDQ [ Strengths and Difficulties Questionnaire; http://www.sdqinfo.com/
3. Conners 3[ Conners Rating Scale–3rd edition (which can be used in children age 3–17 y); http://portal.wpspublish.com/

portal/page?_pageid[53,112710&_dad[portal&_schema[PORTAL
4. Vanderbilt Assessment Scales; http://peds.mc.vanderbilt.edu/cdc/childdevelopcenter.htm
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using paper-based and, more recently, online screening
modalities. Some forms of bias are present with varying de-
grees of severity within the validation studies for all of these
measures, but noteworthy issues are highlighted for each
instrument. Under feasibility, costs have been calculated
uniformly (the same for each tool) by using a paper-
and-pen, modifiable model from Dobrez et al. (13) A cost
of $60 per hour was used to account for the combination
of practitioner and clinic staff wages. Clinic costs will vary
based on implementation procedures, staff salaries, the
percentage of caregivers with literacy problems, and
the percentage of positive or concerning screens in
one’s practice.

Note: To view the references for this article and to view
larger versions of the figures, visit the October issue at
http://pedsinreview.aappublications.org and click on
the “Understanding Developmental-Behavioral Screen-
ing Measures” article.

Summary

• Although development and behavior are more
complex than most anthropomorphic functions that
are measured in clinical practice, they are quantifiable,
even when applied to a busy primary care setting.

• Informal approaches to eliciting concerns or
measuring milestones, such as yes/no checklists
extrapolated from lengthier measures, surely
contribute to low detection rates of developmental-
behavioral problems discerned by primary care providers.

• The periodic use of screening tools that better adhere
to core psychometric and feasibility standards (eg,
Ages & Stages Questionnaire, Third Edition [ASQ-3],
Parents’ Evaluation of Developmental Status [PEDS]

and/or Parents’ Evaluation of Developmental Status–
Developmental Milestones [PEDS:DM], Ages & Stages
Questionnaire: Social-Emotional, Pediatric Symptom
Checklist) helps practitioners to optimize their early
identification rates for children who have
developmental-behavioral problems, which leads to more
effectively and efficiently enrolling greater numbers in
early intervention (EI), early childhood special education
(ECSE), and other beneficial community services.

• Nevertheless, to achieve a screening tool’s reported
reliability and accuracy, it is essential that the tool be
administered and interpreted thoughtfully as
described in its user’s manual or official Web site.

• Careful attention to proper implementation and
interpretation also leads to a more collaborative
conversation between parents and practitioners.

• When screening results are concerning, proper
implementation and same-day interpretation ensure
that referrals occur in a 1) safe, 2) equitable, 3)
effective, 4) timely, 5) parent- and patient-centered,
and 6) efficient manner, fulfilling the six quality aims
of the Institute of Medicine.

• If a practice has failed to implement the periodic use of
evidence-based screening measures successfully, then
the clinicians should strongly consider selecting some
broad-band developmental, social-emotional/behavioral,
and autism-specific screening tools for the practice.

PIR Quiz
This quiz is available online at http://www.pedsinreview.aappublications.org. NOTE: Since January 2012, 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 the 2012 issues of Pediatrics in Review, AMA PRA Category 1 CreditTM may 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 17-year-old mother has concerns about her 3-year-old boy’s repeated temper tantrums and his frequently
ignoring her verbal communication. She is feeling increasingly frustrated. As a primary care provider, which of
the following is the most appropriate next step?

A. Administer a narrow-band ADHD screen.
B. Administer and interpret a general developmental and social-emotional screen.
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C. Refer to a developmental-behavioral specialist.
D. Refer to a teenage mother self-help group for counseling.
E. Schedule a follow-up visit in 6 months and evaluate if symptoms persist.

2. A 2-year-old otherwise healthy girl has not yet started to say “mama” and “dada.” Her motor development appears
normal. Mother states that she does not appear to interact normally with her older siblings. Which of the following
statements is the most accurate regarding developmental and social-emotional screening in this situation?

A. False-positive result will unnecessarily increase parental anxiety.
B. Normal screening results should reassure the parents that intervention will not be needed.
C. Periodic screening identifies at-risk children for early intervention, but in this clinical scenario, an

automatic referral to an EI agency is justifiable.
D. Screening is not valid in children age <5 years.
E. Screening should only be performed by a developmental-behavioral specialist.

3. A mother is concerned about her 9-month-old boy developing autism like her neighbor’s child. Which of the
following is the most appropriate age to routinely administer an autism-specific screening tool?

A. 9 months and 15 months.
B. 18 months and 2 years.
C. 30 months and 3 years.
D. 42 months and 4 years.
E. 54 months and 5 years.

4. Which of the following statements is most correct regarding developmental-behavioral screening measures?

A. Children who fail screening tests, but subsequently are found not to have a developmental-behavioral
problem, later perform as well academically as their peers.

B. Clinicians’ subjective impressions are more accurate in identifying children having developmental-
behavioral problem (sensitivity) than excluding those who do not (specificity).

C. Majority of developmental delays are correctly identified by clinicians on routine examinations during
health supervision visits.

D. Periodic developmental-behavioral screening has been proven to enhance a clinician’s ability to detect
children who have evolving developmental-behavioral problems.

E. There is no evidence that early identification and intervention of developmental-behavioral problems
before kindergarten entrance improves subsequent academic performance.

5. The mother of a 5-year-old boy replies to your inquiry about developmental or behavioral concerns, “Well, he’s
a brat sometimes, but I think that’s pretty normal for this age.” To detect a wide spectrum of developmental-
behavioral conditions accurately over time, the American Academy of Pediatrics recommends:

A. Administering a social-emotional screening instrument only as needed if further history suggests that he is
at risk for a previously undetected behavioral disorder.

B. Automatically referring the child and family to a mental health specialist.
C. Automatically referring the child to assess eligibility for Early Childhood Special Education (ECSE)/

Individual with Disability Education Act (IDEA) services.
D. Routinely administering a screening test for maternal depression.
E. Routinely administering a social-emotional screening instrument.

HealthyChildren.org Parent Resources From the AAP

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

• http://www.healthychildren.org/English/family-life/health-management/pediatric-specialists/Pages/What-

is-a-Developmental-Behavioral-Pediatrician.aspx.

• http://www.healthychildren.org/English/ages-stages/toddler/Pages/Assessing-Developmental-Delays.aspx.
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Educational Gap

Themetaboliccomplicationsassociatedwithobesity, suchas insulin resistance,hypertension,

hyperlipidemia, and the potential for arteriosclerotic heart disease, are on the rise in the

pediatric population. Definition of the metabolic syndrome and determination of its signif-

icance is a changing process in which resolution has not yet been achieved, and its constel-

lation of signs may have clinical significance beyond that of the individual risk factors.

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

1. Understand metabolic syndrome and identify implications for pediatric populations.

2. Describe the pathophysiology and biochemical markers implicated in the metabolic

syndrome and identify its risk factors and clinical associations.

3. Use treatment and management strategies for children at risk for metabolic syndrome.

4. Recognize future research directions in pediatric metabolic syndrome.

Introduction
With the burgeoning global epidemic of childhood obesity, there is growing concern that the
metabolic complications associated with obesity, such as insulin resistance, hypertension, and
hyperlipidemia, historically encountered primarily in adults, are now on the rise in the pedi-
atric population also. The metabolic syndrome (MetS) is characterized by a constellation of
metabolic risk factors and is associated with the development of atherosclerotic cardiovascular
disease and type 2 diabetes mellitus (T2DM) in adults. Efforts to identify children and ado-
lescents at risk of developing MetS to prevent or mitigate its associated outcomes have been
active areas of research within this population. However, several questions remain with regard
to establishing a consensus definition of pediatricMetS and its long-term clinical implications.

Does the constellation of signs have clinical significance be-
yond that of the individual risk factors?

Definition
Although the term “metabolic syndrome” was first used by
Hanefeld and Leonhardt in the early 1980s, (1)(2) the ob-
servation that certain metabolic disturbances appeared to
cluster together has been noted since the beginning of
the past century, when Swedish and Spanish physicians
Kylin and Marañon independently described the frequent
copresentation of diabetes mellitus (DM) and hypertension.
(1)(3) The MetS has since been variously labeled as the
deadly quartet, Syndrome X, and the insulin resistance syn-
drome, and its definition has evolved as more is known
about the pathophysiology of the syndrome and its associ-
ated clinical features.

Gerald Reaven introduced the concept of insulin re-
sistance as a common etiologic factor for the group of
metabolic disturbances and disorders he collectively called
Syndrome X. In addition to hypertension, Reaven’s definition

Abbreviations

AHA: American Heart Association
ATPIII: Adult Treatment Panel III
BP: blood pressure
DM: diabetes mellitus
HDL: high-density lipoprotein
IDF: International Diabetes Foundation
IGT: impaired glucose tolerance
LDL: low-density lipoprotein
MetS: metabolic syndrome
NAFLD: nonalcoholic fatty liver disease
NHLBI: National Heart, Lung, and Blood Institute
PCOS: polycystic ovary syndrome
TG: triglyceride
T2DM: type 2 diabetes mellitus
VLDL: very-low-density lipoprotein
WC: waist circumference
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included impaired glucose tolerance (IGT), hyperinsuline-
mia, high levels of very-low-density lipoprotein (VLDL)
triglycerides (TGs), and low levels of high-density lipo-
protein (HDL) cholesterol. (4) Central adiposity was
added subsequently as a clinical feature of MetS by Nor-
man Kaplan, (5) and current definitions of MetS now in-
clude the following key characteristics: hyperinsulinemia
or insulin resistance, dyslipidemia, hypertension, and
obesity, with a particular emphasis on central adiposity.

Over the past 15 years, several organizations, includ-
ing the World Health Organization, the International
Diabetes Foundation (IDF), the American Heart Associ-
ation (AHA), and the National Heart, Lung, and Blood
Institute (NHLBI), have proposed diagnostic criteria to
better define MetS in adults. (6) In 2009, representative
members from the AHA, NHLBI, IDF, and several other
major organizations released a joint interim statement
proposing a unified set of common criteria for the clinical
diagnosis of adult MetS in an effort to reconcile the dif-
ferent clinical definitions that existed. (7) As a result, each
of the 5 clinical measures (body weight, TGs, HDL,
blood pressure [BP], and glucose) was given a single
set of categorical cut points; an exception was waist cir-
cumference (WC), which was defined by population
and country-specific definitions.

Diagnostic Criteria in the Pediatric Population
In light of the challenges of defining MetS in adults, de-
fining clinical criteria for pediatric MetS is complicated
further by the physiologic changes that occur during
growth and development throughout childhood and pu-
berty. For example, insulin resistance increases in early
puberty, but stabilizes in mid-adolescence and may vary
also between genders. (8) Lipid profiles also have been
noted to vary across ages. (9)

Additionally, there are several other challenges to
defining pediatric MetS and to understanding its clinical
significance in children. These barriers include the fre-
quently subtle abnormalities that manifest in most chil-
dren who have suspected metabolic disturbances; the
lack of definitive normal ranges of insulin levels through-
out childhood and puberty; and the absence of WC
parameters to define central obesity associated with mor-
bidity related to MetS in the pediatric population. (10)
As a result, there are currently no consensus guidelines
providing specific diagnostic criteria for pediatric MetS.
Instead, criteria frequently have been adapted from
adult standards of the National Cholesterol Education
Program Adult Treatment Panel III (ATPIII) criteria,
or other definitions by using gender- and age-specific
normal values appropriate for children and adolescents.

In 2007, the IDF published a proposed set of criteria
specific to children and adolescents to provide guid-
ance on establishing a unified definition for pediatric
MetS. (11) Table 1 demonstrates the wide range of di-
agnostic parameters that have been used in research
studies frequently cited in the literature along with
the diagnostic criteria proposed by the IDF.

Epidemiology
Given the varying definitions available for pediatric MetS,
determining its prevalence in children and adolescents
is problematic. An analysis of the NHANES 1999–2002
data by Cook et al (12) compared the prevalence of pe-
diatric MetS by using four previously published defini-
tions and found that the prevalence of pediatric MetS
ranged from 2% to 9% in the general population and from
12% to 44% in obese children, depending on the defini-
tions used. Goodman examined prevalence rates in a
school-based study comparing the National Cholesterol
Education Program/ATPIII and World Health Organi-
zation criteria and reported overall prevalence rates of
4% and 8%, respectively. In the same study, the preva-
lence of MetS in obese patients increased substantially
to 20% and 39%, respectively. (13) By using modified
ATPIII criteria, de Ferranti et al (14) found an overall
prevalence of 9% in a sample of US adolescents from the
NHANES 1988–2004 data and also showed racial and
ethnic distributions similar to adults, with Mexican-
Americans and non-Hispanic white individuals having
greater prevalence than non-Hispanic black people.

There is concern, however, that existing criteria un-
derestimate the MetS prevalence in certain high-risk pop-
ulations, such as non-Hispanic black individuals. (15)
Although prevalence may vary because of inconsistent
criteria, the variations in prevalence across different pop-
ulations suggest a need to define diagnostic parameters
appropriate for these populations. Not surprisingly, these
studies consistently demonstrate a significant increase in
prevalence of pediatric MetS in obese children compared
with the general population.

The clinical utility of diagnosing pediatric MetS is also
complicated by the instability of the diagnosis through-
out childhood and adolescence. In a convenience sample
of children ages 6 to 12 years at risk for developing adult
obesity, 46% of those diagnosed as having MetS at base-
line did not meet the diagnostic criteria for MetS at long-
term follow-up (mean 5.6 – 1.9 years). (16) Goodman
et al (17) reported both loss (49%–56% of participants de-
pending on criteria used) and gain (4%–5%) of a MetS di-
agnosis at 3-year follow-up in a school-based study of
1,098 adolescents.
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The lack of stability in the diagnosis of pediatric
MetS raises several questions regarding the optimal
approach for screening, in particular, when and how
to screen children at risk for MetS. In addition, this
diagnostic uncertainty affects the ability to devise ap-
propriate strategies for the management of MetS in
the clinical setting.

Although studies in adults show strong evidence that
those who have MetS are at increased risk of developing
both T2DM and atherosclerotic cardiovascular disease,
(18) as well as other obesity-related conditions such as
nonalcoholic fatty liver disease (NAFLD), (19) polycystic
ovarian syndrome, (20) and obstructive sleep apnea, (21)
the long-term outcomes of children and adolescents
who have or are at risk for pediatric MetS are not well
established. Studies do suggest that pediatric MetS pre-
dicts adult MetS, (22)(23) and that obesity, particularly
central obesity, correlates strongly with cardiovascular
risk among youth; (24)(25)(26) but limited data exist
to support the direct relationship between pediatric
MetS and subsequent progression to adult cardiovascular
outcomes such as atherosclerotic cardiovascular disease
and T2DM.

Recognizing pediatric MetS as a unique cardiovascu-
lar risk predictor compared with its individual compo-
nents remains controversial. Analysis of data from the
Bogalusa Heart and Cardiovascular Risk in Young Finns
studies reveals that the categorical definition of MetS is
no better than screening with high BMI to identify
youth at risk of developing long-term outcomes such
as adult MetS, subclinical atherosclerosis, and T2DM.
(27) However, in another analysis from the Bogalusa
Heart Study, the authors report a stronger correlation
of pediatric MetS with the persistence of multiple car-
diovascular risk clustering over an 8-year period, com-
pared with individual risk factors alone (systolic BP,
insulin level, and total-to-HDL cholesterol ratio), sug-
gesting that these risk factors may reinforce each other
and track together as a group. (22) Studies also appear
to indicate an association between pediatric MetS with
both subclinical cardiovascular disease in young adults
(23)(28) and T2DM. (29) More longitudinal studies
are needed to clarify these relationships and evaluate
the effectiveness of preventive and therapeutic interven-
tions for pediatric MetS.

Pathogenesis
The etiology of MetS is incompletely understood; how-
ever, insulin resistance and hyperinsulinemia are thought
to be central to the development of MetS and may

play a role in the pathogenesis of its individual metabolic
components. Peripheral effects of insulin resistance
on various organ systems is thought to explain some
of the differences in the expression of MetS and its
associated conditions such polycystic ovary syndrome
(PCOS), NAFLD, and obstructive sleep apnea. (10)
(30) Although insulin resistance appears to have an im-
portant role in the underlying mechanism of MetS, not
all individuals who have insulin resistance proceed
to develop MetS, (31) suggesting that other factors
may be contributing to the pathogenesis of MetS.
Obesity, particularly abdominal or visceral obesity,
inflammatory mediators, adipocytokines, cortisol, oxi-
dative stress, genetic predisposition, and lifestyle
characteristics such as physical activity and diet are
all thought to be involved in the pathophysiologic
framework for MetS. (10)(32)(33)

Risk Factors
Heredity

Genetic and environmental factors appear to influence an
individual’s risk of developing MetS. Familial clustering
for MetS risk factors is seen in several studies, suggesting
that genetic effects or shared environments may contrib-
ute to development of MetS. (34)(35)(36) Children
of parents who have early coronary artery disease in the
Bogalusa Heart Study were more likely to be overweight
beginning in childhood and commonly presented with
components of MetS, including elevated levels of total
cholesterol, low-density lipoprotein (LDL), and plasma
glucose. (37) Furthermore, children having at least 1 par-
ent who has MetS have significantly higher levels of cen-
tral obesity and insulin resistance than children in whom
neither parent has MetS. (38)

Ethnicity
Components of MetS, including obesity, insulin resis-
tance, cardiovascular disease, and T2DM, continue to af-
fect black and Hispanic children disproportionately more
than white children; (39)(40)(41) however, the rates of
MetS in black youth are lower than in non-Hispanic
white or Hispanic children. (42)(43) In contrast, when
using lipid thresholds specific to black individuals, the
prevalence of MetS among black youth was similar to
non-Hispanic white and Hispanic children. (44) These
disparities and inconsistencies have prompted a call for
developing criteria specific to race and ethnicity in the
evaluation of MetS to ensure appropriate identification
of youth at risk for MetS and development of future ad-
verse cardiovascular outcomes. (15)
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Physical Inactivity
In addition to physical activity being beneficial for weight
management and obesity prevention, (45) physical activ-
ity alone improves several cardiovascular risks. Studies
demonstrate that physical activity appears to be associated
independently with improved insulin sensitivity; (46)
lower LDL and TG and higher HDL concentrations;
(47) and improved endothelial function, such as reduced
systolic and diastolic BPs, arterial stiffness, and arterial
wall remodeling in prepubertal obese children. (48) Ad-
ditionally, increased physical activity appears to have an
anti-inflammatory effect. (49)(50)

Tobacco Exposure
Tobacco use has long been recognized as a significant risk
factor for cardiovascular disease and also may be associ-
ated independently as a risk factor for MetS. One obser-
vational study reported a dose–response relationship
between tobacco smoke and MetS among adolescents
and speculated an association between tobacco and insu-
lin resistance. (51)

Clinical Features
Obesity

There is strong evidence supporting the association
between obesity with insulin resistance, T2DM, and ath-
erosclerotic cardiovascular disease. (52)(53) Specifically,
abdominal obesity due to accumulation of visceral fat is
associated with increased cardiovascular risk independent
of total body fat in adult populations. (54) Although
BMI is used widely as a standard measure for obesity,
BMI does not always reflect central adiposity and cannot
differentiate the contributions made by muscle, bone,
and fat. (55)(56) WC and waist-to-hip ratio have been
suggested frequently as potential surrogates to determine
the degree of visceral fat. (57) WC is an independent pre-
dictor of insulin resistance in youth, (58) and is associated
with hypertension and dyslipidemia. (59) For these rea-
sons, WC has been suggested as a more reliable measure
for predicting MetS than BMI alone.

At this time, however, routine use of WC to measure
central adiposity in children is not recommended because
of insufficient information and lack of specific guidance
for clinical application, according to an expert panel
of the American Medical Association and the Centers
for Disease Control and Prevention Task Force on As-
sessment, Prevention, and Treatment of Childhood
Obesity. (60)

Dyslipidemia
Dyslipidemias, especially high TG and low HDL choles-
terol levels, are strongly associated with insulin resistance

in children and adolescents. (22)(61) In general, the
lipid abnormalities associated with insulin resistance
are thought to result from an increased flux in free
fatty acid delivery to the liver, resulting in hepatic in-
sensitivity to the inhibitory effects of insulin on VLDL
secretion and overproduction of TG-rich VLDL par-
ticles. (62)(63)(64) This process may be mediated
by abnormal levels of inflammatory markers, such as
adipokines and cytokines, associated with visceral obe-
sity. (62)

HDL cholesterol metabolism also is altered by the in-
creased levels of VLDL through the activation of hepatic
lipase, forming small dense HDL and increasing clear-
ance of HDL from the circulation. (63) Small dense
LDL, which is believed to have increased atherogenic po-
tential, is associated with abdominal obesity, visceral fat,
and insulin resistance in adults and children. (65)(66)

Hypertension
The association between insulin resistance and essen-
tial hypertension is well established, (67) and several
mechanisms appear to be involved in this process.
Insulin has vasodilatory effects on the endothelium,
resulting from complex pathways that stimulate endo-
thelial production of nitric oxide, a potent vasodilator.
(68)(69) However, in individuals who have insulin
resistance, even before any evidence of glucose intoler-
ance, endothelial dysfunction and the vasodilatory re-
sponse frequently are blunted. (35) These effects may
occur because of the role of insulin in sodium reab-
sorption, (70)(71) the increased sympathetic tone
due to hyperinsulinemia and obesity, (72)(73) and in-
direct impairment of vasodilation from the presence of
fatty acids. (74)

The cluster of metabolic abnormalities associated with
MetS may have an effect on BP greater than each of the
individual factors alone. In one study examining the re-
lationship between insulin resistance and BP in 11- to
15-year-olds, correlations were found when metabolic
factors (fasting insulin, insulin resistance, TG, HDL cho-
lesterol, or LDL cholesterol ) were considered as a group;
but no correlations were seen when each factor was con-
sidered independently. (75) This clustering effect sup-
ports the importance of considering MetS as a unique
collective entity rather than just considering independent
risk factors to determine cardiovascular risk.

Glucose Intolerance, Type 2 Diabetes Mellitus
The spectrum of diseases related to impairments in glu-
cose metabolism and hyperglycemia results from either
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defects in insulin action, ineffective secretion or clearance
of insulin, or a combination of those pathophysiologic
causes. The development of insulin resistance leading
to an impaired fasting glucose level or IGT and on to
T2DM is documented in both adult (76) and pediatric
populations. (77)(78) However, all children who have
impaired glucose tolerance are not certain to progress
to a diagnosis of T2DM.

To examine this question, Weiss et al followed obese
youth who have IGT over a 12-month period and illus-
trated the dynamic variations of their glucose tolerance
status: 46% reverted to normal glucose tolerance, 30%
continued to have IGT, and 24% progressed to T2DM.
(79) On the other hand, the same study demonstrated
that all of the children who did eventually develop
T2DM had started initially from an IGT state, suggesting
that IGT could be considered a “prediabetic” state. With
the growing prevalence of childhood obesity and T2DM
in adolescents and the risk of accelerated cardiovascular
outcomes in youth who have T2DM, (80) early identifi-
cation of children who have evidence of hyperglycemia
who may be asymptomatic and yet have signs of the other
components of MetS is an important step in managing
those children who may require more aggressive moni-
toring and interventions.

Inflammation
Increasing recognition of obesity as a chronic, low-level
proinflammatory state (44)(81) and the association of
MetS with inflammation has been reported. (82) Eleva-
tions of C-reactive protein, a biomarker that has been im-
plicated in negative cardiovascular outcomes, (83)(84)
is observed in obese children but has not been linked
conclusively to insulin resistance or MetS. (44)(85)
Several studies have examined other potential inflamma-
tory markers, including adipocytokines, interleukin-6, tu-
mor necrosis factor-alpha, and interleukin-18, with some
evidence for a direct association with obesity, insulin re-
sistance, and dyslipidemia. (81)(86)(87) Although in-
flammatory biomarkers are not a component of any
current diagnostic criteria definitions, the recognition
of the role of inflammation and its associations with MetS
and cardiovascular disease is important to note among
the clinical features of MetS.

Other Clinical Considerations
In addition to atherosclerotic cardiovascular disease and
T2DM, conditions such as PCOS and NAFLD are asso-
ciated with MetS and frequently share overlapping fea-
tures with its individual components.

PCOS is a common heterogeneous endocrine disor-
der in women primarily characterized by menstrual dys-
function, hyperandrogenism, or polycystic ovaries. (88)
(89) Hyperandrogenism is a risk factor for MetS indepen-
dent of insulin resistance and obesity, (90) and there is
a fourfold increase in the prevalence of MetS in women
who have PCOS. (91) Adolescent girls who have PCOS
should therefore be screened for other metabolic abnor-
malities, including high BP, dyslipidemia, and impaired
glucose metabolism.

In addition, NAFLD, a clinicopathologic syndrome
ranging from simple steatosis to steatohepatitis, fibrosis,
or cirrhosis of the liver, (92) is associated with dyslipide-
mia, obesity, and insulin resistance, and is considered
a strong predictor of MetS and future cardiovascular dis-
ease and T2DM, as well. (93)(94) Diagnosis is challeng-
ing because a liver biopsy is required; however, noninvasive
measurement of biochemical markers and ultrasono-
graphic imaging of the liver may indicate the diagnosis
in children, although the absence of abnormalities in
these markers and imaging results would not be sufficient
to exclude the diagnosis of NAFLD. (95)

Screening, Management, and Treatment
Despite the challenges and difficulties of defining the
clinical parameters for pediatric MetS, it is clear that
the prevalence of the individual components of MetS,
such as obesity, prediabetes, and T2DM, is on the rise
among children and adolescents. Although clarification
of the nature of the MetS and its management continues,
the clinician must deal with this at-risk population in the
hopes of helping them to have a healthier future.

Although standardized universal screening guidelines
do not exist currently for the MetS in the pediatric pop-
ulation, evaluation and screening should aim to identify
those youth who are at increased risk of developingMetS,
particularly children and adolescents who are overweight
or obese. Findings from the Bogalusa Heart Study have
shown that the presence of an increasing number of car-
diovascular risk factors is associated with an increased risk
of developing precursors of atherosclerotic cardiovascular
disease, such as fatty streaks and fibrous plaques in the
aorta and coronary arteries. (96) Therefore, screening
may help to identify children and adolescents who require
more aggressive monitoring and treatment to prevent or
slow the progression of developing atherosclerotic car-
diovascular disease.

Screening in the pediatric population encompasses
a multifaceted and comprehensive approach to assess
cardiovascular risk. In the recently released NHLBI Ex-
pert Panel on Integrated Guidelines for Cardiovascular

metabolic disorders metabolic syndrome

464 Pediatrics in Review Vol.33 No.10 October 2012

 at Health Internetwork on October 2, 2012http://pedsinreview.aappublications.org/Downloaded from 

http://pedsinreview.aappublications.org/


Health and Risk Reduction in Children and Adolescents,
children who are obese should have further evaluation
for other specific cardiovascular risk factors, including
evaluation of family history, growth and development,

nutritional intake, assessment of physical activity, BP,
lipid profile, and evidence of insulin resistance and
DM, as well as tobacco exposure (97) (See Table 2 for
summary).

Table 2. Summary of Screening Guidelines by Component Cardiovascular
Risk Factors for Metabolic Syndrome

BP¼blood pressure; DM¼diabetes mellitus; NHLBI¼National Heart, Lung, and Blood Institute; TC¼total cholesterol; T2DM¼type 2 diabetes mellitus.
aMeasure BP from birth if history (þ) for neonatal complications, congenital heart disease, urinary/renal abnormality, solid organ transplant, malignancy,
drug treatment, or other condition known to raise BP or intracranial pressure.
bParent, grandparent, aunt/uncle, or sibling with myocardial infarction, angina, stroke, coronary artery bypass graft/stent/angioplasty <55 years in
males,<65 years in females, parents with known dyslipidemia or TC ‡240 mg/dL; child has DM, hypertension, BMI ‡95%, or smokes cigarettes; child has
moderate- or high-risk medical condition.
cOverweight defined by BMI >85th percentile for age and gender, or weight for height >85th percentile, or weight >120% of ideal for height.
(Adapted from NHLBI, Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children and Adolescents: Summary
Report [97].)
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Currently, treatment targets overweight and physical
inactivity in the management of obesity. The 2011
NHLBI report also recommends prompt intensification
of weight loss in the presence of any combination of mul-
tiple individual risk factors for MetS, in addition to man-
agement of any coexisting associated cardiovascular risk
factors. Components of the MetS can improve with effec-
tive weight management, (98) and improvements can be
seen even with relatively small weight changes. (99) Life-
style modifications, including appropriate caloric nutri-
tional intake, avoiding atherogenic and diabetogenic
foods, increasing physical activity, and smoking cessation,
are the primary recommendations from both the AHA
and the IDF. (10)(44)

Assessing patient and family motivation and willing-
ness to adopt healthier lifestyles is an important step
at the onset of any weight management plan. Engaging
youth and their families through frequent scheduled
visits and helping them to identify creative strategies,
such as increasing family meals together, writing exer-
cise prescriptions, and scheduling activities with friends
may encourage youth and families to work toward
small, manageable changes. (100)

Currently, there are no specific indications or guide-
lines on the use of pharmacologic agents for treatment
of MetS. However, medications for treatment of hyper-
tension, dyslipidemia, and DM should be considered
where appropriate. Although pharmacologic agents such
as metformin have been used effectively for weight reduc-
tion and improving glucose tolerance for children who
have T2DM in small studies, (101) there are no existing rec-
ommendations for the use of metformin in treating MetS.
Rosiglitazone, a thiazolidinedione derivative, also has
shown promise in restoring normal glucose tolerance
in obese children who have IGT in a recently published
pilot study. (102) Further studies are necessary to deter-
mine if there may be a role for pharmacologic treatment
in the management of pediatric MetS as an adjunct to

lifestyle modifications, but routine use of medications
in the clinical setting is not recommended at this time.

Future Research
Much still needs to be explored to understand and define
the MetS in children and adolescents. Priorities include
identification of better definitions of obesity in children;
development of age-, gender-, and ethnic-specific ranges
for the categorical criteria used to define MetS; initiation
of long-term cohorts of children from diverse back-
grounds to understand better the natural history and out-
comes of MetS; and assessment of the effectiveness of
prevention and intervention strategies.

Note: To view the references for this article, visit the
October issue at http://pedsinreview.aappublications.
org and click on the “Metabolic Syndrome” article.

Summary

• Pediatric metabolic syndrome (MetS) represents
a cluster of risk factors associated with cardiovascular
disease, with features that include insulin resistance,
obesity, hyperlipidemia, and hypertension.

• Currently, there are no consensus definitions to define
the MetS in youth; however, identification of children
at risk for developing MetS remains an important task
because of the presence of multiple cardiovascular
risks and the evidence that the clustering of these
conditions persists in adulthood.

• Screening recommendations should aim at identifying
children who are overweight or obese and have
additional risk factors associated with MetS

• Management and treatment prioritizes intensive weight
management programs in addition to other lifestyle
modifications and management of other clinical risk
factors associated with cardiovascular disease.

HealthyChildren.org Parent Resources From the AAP

The reader is likely to find material to share with parents that is relevant to this article by visiting this link:

http://www.healthychildren.org/English/health-issues/conditions/obesity/Pages/Your-Overweight-Child-and-

the-Risk-of-Disease.aspx.
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Spirometry
Kamakshya P. Patra, MD

Introduction
Office spirometry, traditionally done
by the pulmonary specialist, has be-
come commonplace in the pediatric
primary care office. TheNational Asth-
ma Education and Prevention Pro-
gram guidelines recommend routine
use of spirometry for the initial diag-
nosis and ongoing management of
asthma. A nationwide survey demon-
strated that only 21% of physicians
used spirometry for the management
of children with asthma, as per the
guidelines. And, approximately one
half of the physicians were unable
to interpret the results of spirometry.
Office spirometry has been shown to
result in change in asthma manage-
ment in 15% of children. In 45% of
cases, the severity of asthma was un-
derrated by the providers in the ab-
sence of spirometry. A peak flow
meter, which measures peak expira-
tory flow rate (PEFR), is a simple,
inexpensive, and portable device
that may be helpful in the manage-
ment of asthma. However, PEFR is
effort-dependent and does not reflect
small airway function. The average
cost of a good spirometer is in the
$1,500 to $2,000 range. There must
be training of the office personnel
who perform the spirometry, and
the spirometer should be calibrated
at least daily. In general, patients
must be at least age 4 to 4.5 years
to perform reliable forced vital capac-
ity (FVC) maneuvers required for
spirometry.

Case Study
A 7-year-old girl has experienced
wheezing since age 3 years and has

been diagnosed as having asthma.
Her symptoms did not improve despite
therapy with albuterol, corticosteroids,
salmeterol, and monteleukast. She was
referred to the pediatric pulmonology
clinic for persistent symptomatology.
Spirometry was performed, which
revealed a fixed obstruction. Flow vol-
ume loops revealed truncation of inspi-
ratory and expiratory limbs (Fig 1).
Computed tomography scan of the
chest revealed double aortic arch.
Surgery resulted in resolution of
symptoms.

This case vignette underscores the
importance of spirometry in the man-
agement of asthma. Spirometry helps
the provider rule out diseases that can
masquerade as asthma, such as vocal
cord dysfunction, which may be mis-
labeled as refractory asthma. In these
cases, flow volume loop will reveal at-
tenuated inspiratory limb (Fig 2). No
improvement in forced expiratory
volume fraction in 1 second (FEV1)
with administration of a bronchodila-
tor should be a clue that asthma is
unlikely.

Indications of Spirometry
Office spirometry, when done prop-
erly, is valuable in the diagnosis and
management of acute and chronic re-
spiratory symptoms and can serve
a number of functions:

• To differentiate lung disease into
obstructive and restrictive disorders.

• To provide objective evaluation of
the response to therapy.

• To guide withdrawal of treatment.
• To do a preoperative evaluation,

especially before lung surgery.
• To rule out other wheezing disor-

ders that can mimic asthma.

Abbreviations

FEF25%–75%: forced expiratory flow,
midexpiratory phase

FEV1: forced expiratory
volume fraction in 1
second

FVC: forced vital capacity
PEFR: peak expiratory flow

rate Department of Pediatrics, Mayo Clinic, Rochester,
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Optimizing Performance
The child should bemade familiar with
the spirometry instruments, the pro-
cedures that will be done, and the
personnel. The mouthpiece may be
given before practice for holding and
blowing correctly. Nose clips might
be helpful. The child’s head and torso
should be erect during the maneuver.

The child should be asked to
breathe slowly to a maximal inhala-
tion, followed by a breath hold for 1
to 2 seconds, and then sustained exha-
lation for at least 3 seconds. The test
should include a minimum of three
reproducible curves. Difference in val-
ues <5% indicates reversibility. The
largest FEV1 and FVC are measured,

even if these results are from two dif-
ferent curves.

Interpretation
Proper interpretation of spirometric
parameters must take into account var-
iables that include age, gender, race,
and standing height. The spirometer
should conform to the American
Thoracic Society standards. Results
are usually given in both absolute
data and percent predicted for the pa-
tients of similar characteristics (age,
gender, height, ethnicity, etc). Find-
ings should be compared with the pa-
tient’s baseline (“personal best”)
values.

The following lung volumes help
in understanding spirometry and are
depicted in Fig 3.

• Tidal volume: the volume of air ei-
ther inspired or expired during
normal effortless respiration.

• Inspiratory reserve volume: the
volume of air inspired by forcible
inspiration after normal inspiration.

• Expiratory reserve volume: the
volume of air expired by forcible
expiration after normal expiration.

• Residual volume: the volume of air
remaining in the lungs at the end
of maximal expiration.

• Total lung capacity: the volume of
air contained within the lungs after
a forcible inspiration.

• Inspiratory capacity: the volume of
air inspired by forcible inspiration.

• Functional residual capacity: the
volume of air remaining in the
lungs at the end of normal
exhalation.

Spirometry cannot measure func-
tional residual capacity and total lung
capacity.

The key parameters measured in
spirometry are FVC, FEV1, and
forced expiratory flow, midexpiratory
phase (FEF25%–75%). The volume
time graph depicts these parameters

Figure 1. Flow volume loop configuration in fixed obstruction. Loop above line is
expiratory loop; loop below line is inspiratory.

Figure 2. Flow volume loop configuration in variable extrathoracic obstruction. Loop
above line is expiratory loop; loop below line is inspiratory.
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(Fig 4). A glossary of the common
spirometric indices is given below.

• FVC is the maximal volume of air
expired forcefully after a forcible
inspiration.

• FEV1 is the fraction of FVC ex-
pired during the first second.

• FEV1 to FVC is referred to as
forced expiratory ratio.

• The forced expiratory volume in 6
seconds is sometimes used as a sur-
rogate for FVC.

• FEF25%–75% is measured from the
FVC curve by excluding the first
25% and last 25% of expiratory flow.
This measurement evaluates small

airways. A decrease in FEF25%–75%
is evident before changes in FEV1,
PEFR, and clinical signs or
symptoms.

Obstructive and restrictive disor-
ders can be differentiated by spiro-
metric findings. FEV1, FEV1/FVC,
and FEF25%–75% are decreased in ob-
structive disorders. FVC is decreased
in restrictive disorders (interstitial
lung disease, structural diseases of
the chest wall, neuromuscular disor-
ders, etc). FVC may be decreased
also in severe obstructive lung disease
due to air trapping. Therefore, FEV1

rather than FEV1/FVC should be

used in assessing the severity of ob-
structive lung disease because FVC
also decreases with the severity of ob-
struction. FEV1/FVC ratio is normal
in restrictive lung diseases (‡80%).

Specific disorders will produce dis-
tinct patterns in the parameters mea-
sured by spirometry.

Asthma
Low FEV1, a FEV1/FVC ratio <0.8,
postbronchodilator increase of 12%
in FEV1 or 200 mL, low FEV1, de-
cline in FEV1> 15% post exercise, di-
urnal variation of FEV1 or peak
expiratory flow >20% are the charac-
teristic features of asthma.

Cystic Fibrosis
Patients who have cystic fibrosis
show an obstructive pattern on spi-
rometry with progression of disease.
Acute exacerbations are associated
with a decrease in FEV1 and a re-
turn back to baseline with adequate
treatment. Superimposed restrictive
changes are a late finding in cases of
interstitial fibrosis. FEV1 <30% of
baseline suggests the need for trans-
plant evaluation.

Flow Volume Loop
In flow volume loop diagrams, inspi-
ratory and expiratory flow (on the Y
axis) is plotted against volume (on
the X axis). The curve above the line
represents expiration, whereas the
curve below the line depicts inspira-
tion, forming a loop, and the direc-
tion of the loops is clockwise (Figs
1, 2, and 5). The configuration of
the loop can yield information about
the type of lung disease (Fig 5).

Lower Airway Obstruction
Obstructive lung disease alters the
shape of the loop, whereas the restric-
tive lung disease alters the size of the
loop. Intrathoracic obstruction causes
concavity or “scoop” in the expiratory
limb of loop (Fig 5).

Figure 3. Time volume curve depicting FEV1, FVC, and FEF25%–75%. ERV[expiratory
reserve volume; FRC[functional residual capacity; IC[inspiratory capacity; IRV[
inspiratory reserve volume; RV[residual volume; TLC[total lung capacity; TV[tidal
volume; VC[vital capacity.

Figure 4. Spirographic divisions of lung volume and capacity.
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Upper Airway Obstruction

• Variable extrathoracic obstruction
may be caused by laryngomalacia,
tracheomalacia of the extrathora-
cic trachea, and vocal cord pathol-
ogies. There is flattening of the
inspiratory limb of the loop with-
out altering the expiratory limb
(Fig 2).

• Variable intrathoracic obstruction
can be caused by tracheomalacia
of the intrathoracic trachea, bron-
chogenic cyst, etc. The flow vol-
ume loop reveals attenuation of
the expiratory limb without
changing the inspiratory limb
(Fig 5).

• Fixed obstruction is caused by
subglottic stenosis from prolong-
ed intubation, goiter, etc. It causes
truncation of both inspiratory and

expiratory limbs in the flow vol-
ume loop (Fig 1).

A saw-tooth pattern on the flow-
volume loop is produced by fluttering
during the expiratory or inspiratory
phase and often is seen in obstructive
sleep apnea.

Peak Expiratory Flow
Peak expiratory flow meter testing
can be performed in children older
than 4 years of age because this
testing does not require sustained ex-
piration. Suited to home monitoring,
the peak expiratory flow meter pro-
vides a reproducible and objective
measurement for triaging and guid-
ing therapy. However, the test is ef-
fort-dependent, and there is a wide
variation in reference values.

Serial measurements are more use-
ful than a single reading. Less than
a 20% diurnal variation indicates good
control of asthma. Decline in PEFR
may be a harbinger of an attack of
asthma, which is helpful in themanage-
ment of “poor perceivers.” Average
cost of a peak expiratory flow meter
is approximately $50.

PEFR is monitored twice daily
(best of three attempts) for several
weeks to find the individual’s per-
sonal best. The child is coached to
take a deep breath in and blast out.
A traffic stoplight color-coded zone
system based on the child’s personal
best is utilized to guide intervention.
Green zone (80%–100% of personal
best) implies effective control. Yellow
zone (50%–80% of personal best) in-
dicates less than optimal control and
necessitates more frequent therapy.
Red zone (<50% of personal best)
suggests an emergency situation.
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Figure 5. Flow volume loop configurations in normal and different pulmonary
disorders. Loop above line is expiratory loop; loop below line is inspiratory.
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Quantifying Associations: Understanding
Relative Risks and Odds Ratios
Katherine A. Connor, MD, MSPH

During a prenatal visit, the couple
asks you about the risks and benefits
of circumcision. They have heard that
circumcised boys are less likely to get
urinary tract infections (UTIs), but
they want to understand how much
the risk is decreased. In your literature
search, you find this article:

Craig JC, Knight JF, Sureshkumar
D, et al. Effect of circumcision on in-
cidence of urinary tract infection in
preschool boys. J Peds. 1996;128
(1):23–27.

This is a case-control study (n ¼
886) designed to determine whether
circumcision decreases the risk of symp-
tomatic UTI in boys younger than 5
years of age. Participants were re-
cruited from a large pediatric ambu-
latory center. The authors use odds
ratios (ORs) to report their results.
How can you use this information to
help answer the family’s question?

Relative risks (RRs) and ORs are
measures used to quantify associations
between an exposure and an outcome.
In epidemiology texts, exposures gen-
erally are environmental or infectious,
and outcomes may include death or
development of disease. In clinical tri-
als, the intervention being studied (eg,
a medication) is the exposure, and the
outcome is a specific clinical end point
(eg, resolution of symptoms).

Constructing a 2 3 2 Table
When assessing associations between
an exposure and an outcome, it is
helpful to construct a 2 � 2 table
(Table 1).

To determine whether the expo-
sure is associated with the outcome,

we must compare the risk of develop-
ing disease in the two groups. For ex-
ample, is circumcision (exposure)
associated with UTI (outcome)
(Table 2).

Risk
The absolute risk of developing dis-
ease is calculated by dividing the
number of people who develop dis-
ease by the total number of people
in a given exposure group (a/a þ
b). The absolute risk of UTI in
the circumcision group above is
5/5 þ 95 ¼ 0.05 or 5%. By itself,
the absolute risk in the exposed
group tells you only the magnitude
of risk in that group. It does not ac-
count for the degree of baseline risk
in the unexposed group. In other
words, it does not allow you to an-
swer the question of how much
more likely is a circumcised child
to have a UTI than an uncircum-
cised child. RRs and ORs can be
used to describe this kind of excess
risk.

The RR compares the probabil-
ity of an outcome in the exposed
group to the probability of the out-
come in the unexposed group [(a/
a þ b)/(c/c þ d)]. In our example,
the RR of UTI in the circumcised

Table 1. Standard 2 � 2
Table

Outcome

Disease
No
Disease

Exposure
Exposed a b
Not Exposed c d

Abbreviations

aOR: adjusted odds ratio
OR: odds ratio
RR: relative risk
UTI: urinary tract infection
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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.

Author Disclosure

Drs Kalra, Kiblawi, Myridakis, Crews,

Edwards, and Patra have disclosed no

financial relationships relevant to this

article. This commentary does not

contain a discussion of an

unapproved/investigative use of

a commercial product/device.

Case 1: Palpitations and Dizziness in a Teenage Boy
Case 2: Arthritis in a 4-year-old Girl
Case 3: Seizures, Hallucinations, Hyponatremia, and

Red Urine in a Teenage Boy in India

Case 1 Presentation
A previously healthy 18-year-old
boy presents for the evaluation of pal-
pitations and lightheadedness, which
started after he drove home after fin-
ishing his regular work shift. His
symptoms were relieved partially by
vomiting but then reappeared and
worsened progressively, leading to
diaphoresis and dizziness, after which
he has been brought to an ED. There
is no history of fever, diarrhea, intake
of coffee or caffeinated beverages, or
use of illicit drugs.

On arrival, his temperature is 37°C;
heart rate, 180 beats per minute; re-
spiratory rate, 22 breaths per minute;
blood pressure, 100/50 mmHg; and
oxygen saturation, 99% in room air.
His weight is 99 kg (>95th percentile),
height 184 cm (75–90th percentile),
and BMI, 29.2. He is uncomfortable
due to the palpitations, but he is able
to follow commands. His cardiac ex-
amination reveals tachycardia, regular
rhythm, normal first and second heart
sounds, no murmurs, and equal pe-
ripheral pulses. His breath sounds are
clear bilaterally. There are no signs of
injury or trauma. Family history is neg-
ative for any sudden cardiac deaths, ar-
rhythmias, or structural heart disease.

Laboratory evaluation reveals nor-
mal electrolyte levels, thyroid function
tests, urine toxicology testing, and
cardiac enzyme levels. His ECG re-
veals a left axis deviation (�84°), wide
QRS tachycardia at 180 per minute,
and right bundle branch block
(Fig 1). With amiodarone infusion,
he converts to a sinus rhythm. He is
admitted to the intensive care unit, a
specialist is consulted, and the diagnosis
is established.

Case 2 Presentation
A 4-year-old girl presents with wors-
ening pain, swelling, and limited
movement of the right elbow for 6
days and fever of 38.9°C for 1 day.
No trauma or other joint abnormali-
ties are reported. Her mother reports
“pink eye” that began 2 weeks ago
and improved only slightly with anti-
biotic eye drops. Additionally, she has
complained for 4 days of pain with
urination and increased urinary fre-
quency. One month ago, the patient
and her family traveled to Mexico to
visit extended family. The parents de-
ny ingestion of unpasteurized dairy
products but report owning a turtle.
The father has had skin infections re-
quiring antibiotics.

On physical examination, the girl
is alert and responsive but remains fe-
brile at 39.0°C. She has bilateral con-
junctival injection with minimal
discharge. Her right elbow is swollen,
tender, and slightly erythematous.
Range of motion is notably limited.
There is no evidence of bony tender-
ness or other sites of joint swelling.

Her WBC count is 14.6 � 10³/
mL (14.6 � 109/L) with a normal
differential; hemoglobin, 12.3 g/dL
(123 g/L); hematocrit, 35%; and
platelet count, 429 � 10³/mL (429
� 109/L). Her ESR is 80 mm/hour
and C-reactive protein (CRP) level is
9.0 mg/dL. Elbow joint aspiration
reveals cloudy fluid with 75,900 red
blood cells and 59,860 WBCs. Gram
stain reveals moderate neutrophils
but no organisms. Urinalysis reveals
12 to 50 WBCs per high-powered
field but is negative for bacteria
and nitrites. Further history and an
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additional laboratory study leads to
the diagnosis.

Case 3 Presentation
A 14-year-old boy presents to the ED
with sudden onset of generalized tonic-
clonic convulsions. His mother denies
any history of fever, trauma, drug expo-
sure, or preceding illness. Birth and
development history are normal, and
family history is unremarkable. He
has experienced chronic constipa-
tion requiring frequent enemas.

On examination, the boy is drowsy
but arousable. His temperature is
36.6°C, heart rate is 120 beats per
minute, respiratory rate is 20 breaths
per minute, and blood pressure is
146/98 mm Hg. There are no local-
izing neurologic signs or meningeal
signs. The findings on cardiac, respi-
ratory, and abdominal examination
are normal.

Laboratory evaluation reveals a se-
rum sodium level of 127 mEq/L.
Complete blood count; levels of se-
rum potassium, chloride, calcium,
magnesium, phosphorus, blood glu-
cose, urea, and creatinine; and anion
gap and liver function tests are nor-
mal. Urine for drug screen is nega-
tive. There is no ketonuria. ECG
reveals sinus tachycardia and comput-
erized tomographic scan of the brain
is normal. EEG reveals nonspecific
diffuse slow waves. A lumbar punc-
ture reveals normal opening pressure,
and the CSF cytology and chemistries
are normal. Blood, urine, and CSF
cultures yield no growth.

The patient receives intravenous lor-
azepam and intravenous fosphenytoin.
He is started on maintenance phenyt-
oin. There is no recurrence of seizures;
however, he has visual hallucinations
and continues to be disoriented.
In view of urinary retention, he is

catheterized. Despite correction, re-
peated blood samples reveal persistent
hyponatremia. He develops progres-
sive quadriparesis. Nerve conduction
studies (NCVs) reveal motor radiculo-
neuropathy. The physician notes the
color of urine to be dark red. Further
investigations reveal the diagnosis.

Case 1 Discussion
Review of the 12-lead ECG at the
time of presentation to the ED sug-
gested a left ventricular posterior
fascicular site of origin of tachycardia,
known as Belhassen tachycardia
(Fig 1). A two-dimensional echocar-
diogram revealed normal structural car-
diac anatomy. Because of nonspecific
ST segment changes on the ECG, he
underwent cardiac catheterization,
which revealed normal coronary artery
course, caliber, and origins. The patient

Figure 1. Electrocardiogram reveals a left axis deviation (L84˚), wide QRS tachycardia at 180 per minute, and right bundle branch
block.
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did well and was discharged home
without complications 3 days after
admission. He was discharged in sta-
ble condition while taking nadolol.
At follow-up visits, he denied any
similar episodes of perceived tachy-
cardia or palpitations.

Differential Diagnosis
By definition, ventricular tachycardia
(VT) is three or more premature ven-
tricular contractions at a rate faster
than 120 beats per minute. In infants
and children, supraventricular tachy-
cardia is more common than VT,
and the two usually can be differenti-
ated by ECG features such as wide
QRS complex and atrioventricular
dissociation. Depending on the age
and mechanism of tachycardia, VT
rate can vary and can be as high as
400 beats per minute. VT can be
polymorphic or monomorphic, and
if it lasts >30 seconds or requires
electrical cardioversion, it is labeled
sustained VT. Symptoms may range
from irritability, feeding problems,
and palpitations to syncope and sud-
den death.

Pediatric patients who have VT
may have underlying structural heart
disease, such as congenital heart dis-
ease, hypertrophic cardiomyopathy,
anomalous origin of the left coronary
artery, myocarditis, arrhythmogenic
right ventricular dysplasia, and coronary
heart disease. In the absence of struc-
tural heart disease and after excluding
electrolyte disturbances or drug inges-
tion, conditions predisposing to malig-
nant arrhythmias should be considered,
such as Wolff-Parkinson-White syn-
drome, long QT syndrome, Brugada
syndrome, Belhassen tachycardia, or
catecholamine-induced polymorphic
VT.

The Condition
Belhassen, or fascicular, VT is an idi-
opathic form of VT that occurs in
a structurally normal heart. It is

a micro re-entrant tachycardia with
its foci in the left posterior fascicle of
the left bundle branch. ECG charac-
teristically reveals a relatively narrow
QRS complex between 100 and 140
milliseconds, a right bundle branch
block pattern, and left axis deviation.
The first episode of VT usually occurs
in healthy young adults. The attack
may be precipitated by exercise, ex-
citement, or infection. Patients typi-
cally are hemodynamically stable and
present with palpitations, dizziness,
fatigue, and shortness of breath.

Management
This arrhythmia generally is respon-
sive to calcium channel blockers
and thus is known also as verapamil–
sensitive tachycardia. Class III anti-
arrhythmic drugs such as amiodarone
can be effective. The arrhythmia does
not respond to vagal maneuvers or
lidocaine. In some cases, termination
with intravenous adenosine has been
noted. Postconversion nonspecific
ST and T wave changes in inferior
and lateral leads may be seen.

Prognosis
Long-term oral calcium channel
blockers (such as verapamil) are used
to prevent recurrences. In resistant
cases, elective catheter ablation can
be performed. The success rate for
ablation approaches 90%, which is
one of the highest for any form of
VT encountered in young patients.
The long-term prognosis usually is
very good.

Lessons for the Clinician

• Ventricular tachycardia (VT) is an
important cause of palpitations
and chest discomfort in an appar-
ently healthy young individual
with no underlying predisposing
condition.

• Belhassen tachycardia is an idio-
pathic VT with good prognosis

and can be recognized by its typi-
cal clinical and electrocardiographic
presentation. It responds to calcium
channel blockers.

(Vaneet Kumar Kalra, MD, Fuad M.
Kiblawi, MD, and Dorothy Myridakis,
MD, Department of Pediatrics, St
Joseph Children’s Hospital, Paterson,
NJ)

Case 2 Discussion
Intravenous clindamycin and cefo-
taxime were initiated to provide cov-
erage for common causes of septic
arthritis in children, including Staph-
ylococcus aureus, Streptococcus pneu-
moniae, and group A Streptococcus.
Due to the exposure to a turtle, sal-
monellosis was considered as a possi-
ble cause. Additionally, brucellosis
was considered due to the recent
travel to Mexico despite the lack of
history of ingestion of unpasteurized
milk products.

Over the next few days, the
patient’s elbow swelling persisted
despite antibiotics. Her ESR and
CRP levels were rising, and her elbow
aspirate and urine cultures were
sterile. She also developed swelling
and pain of her right knee. The con-
junctivitis and urinary frequency
persisted.

Upon further questioning, it was
discovered that shortly after return-
ing from Mexico, the patient had
a self-resolving episode of bloody
diarrhea lasting 5 days, for which
no medical care was sought. This in-
formation prompted a reassessment
of the differential diagnosis. She
was tested and found positive for
human leukocyte antigen B27
(HLA-B27). This finding further
strengthened the possibility of reac-
tive arthritis.

The patient was placed on sched-
uled ibuprofen to reduce pain and
joint inflammation. Over the next

index of suspicion
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few days, her urinary symptoms re-
solved and the eye and joint symp-
toms improved. Follow-up in the
ophthalmology clinic a few days after
discharge revealed that the conjuncti-
vitis had become more severe. A short
course of topical corticosteroids was
prescribed, effectively treating the con-
dition. As documented in the rheuma-
tology clinic, the joint inflammation
waxed and waned over the subsequent
3 months despite trials of various
nonsteroidal anti-inflammatory drugs
(NSAIDs). Therefore, a 1-month
course of oral corticosteroids was
given, which resulted in complete
resolution of the joint swelling.

The Condition
Reactive arthritis is an inflammatory
arthritis that occurs after certain types
of gastrointestinal or genitourinary
infections. The condition was de-
scribed first by Hans Reiter in 1916
in a young soldier with arthritis, con-
junctivitis, and urethritis after dysen-
tery. Although initially called Reiter
syndrome, the term “reactive arthritis”
is preferred now.

Although the condition predomi-
nantly affects young adults, reports of
reactive arthritis in children have
been documented since the 1940s.
In general, symptoms begin 2 to 6
weeks after a gastrointestinal or geni-
tourinary infection. The most com-
monly associated pathogens are
Salmonella spp, Shigella spp, Cam-
pylobacter spp, Yersinia enterocolitica,
and Chlamydia trachomatis. Children
tend to have the postdysentery form,
whereas adolescents and young adults
tend to have the syndrome after a uro-
genital infection. Approximately 30%
to 70% of individuals with reactive ar-
thritis are positive for HLA-B27.

The typical presentation is an
asymmetric mono- or oligoarthritis
associated with extraarticular inflam-
mation. Many patients develop the
classic triad of symptoms: arthritis,

conjunctivitis, and urethritis. The
weight-bearing joints of the lower ex-
tremities are involved most frequently.
Involvement of the sacroiliac joints
also can occur. Enthesitis, which is in-
flammation at the site of insertion of
a ligament or tendon into bone, is
a common finding on physical exami-
nation. The conjunctivitis usually is
mild and bilateral. Symptoms of ure-
thritis include urgency, frequency,
and dysuria. Additionally, dermato-
logic findings such as keratoderma
blennorrhagica and balanitis circinata
can occur.

Differential Diagnosis
Septic arthritis should be considered
in a child who presents with an
acutely inflamed joint. Toxic synovi-
tis is a self-limited disorder associated
with joint pain in the hip, or, less of-
ten, pain and swelling of the knee.
The symptoms are far less pro-
nounced than in patients afflicted
with septic arthritis, and the diagnosis
should be considered only after infec-
tious causes have been excluded.

Monoarticular arthritis also can
herald a rheumatologic process. Juve-
nile idiopathic arthritis involves
arthritis in at least one joint lasting
at least 6 weeks in an individual under
16 years of age. Most patients
have more than one joint involved,
but early in its course the condition
can present with only one affected
joint.

The spondylo-arthropathies are
a group of arthritides that also pres-
ent with joint inflammation. These
disorders include reactive arthritis
and also ankylosing spondylitis, pso-
riatic arthritis, and the arthropathies
of inflammatory bowel disease. These
disorders are unified by the presence
of the HLA-B27 antigen.

Leukemia, lymphoma, and bone
tumors are rare causes of joint pain
and swelling but should be kept in
mind.

Diagnosis
The diagnosis of reactive arthritis is
clinical. Signs and symptoms of extra-
articular inflammation should be
sought. The presence of conjunctivitis,
urethritis, and characteristic skin le-
sions makes the diagnosis highly likely.
However, the absence of these fea-
tures does not exclude the possibility
of reactive arthritis. A history of a re-
cent gastrointestinal or genitourinary
infection can be helpful, as was the
case in this patient. Particularly useful
is the isolation of causative organisms
from the stool or genitourinary tract.

Most children presenting with an
acute onset of joint inflammation un-
dergo testing of synovial fluid. Gram
stain and culture should be obtained
to exclude an infectious process. The
presence of many WBCs in synovial
fluid can be difficult to interpret be-
cause these cells are elevated in both in-
fectious and rheumatologic conditions.
Elevations in ESR and CRP are non-
specific findings in reactive arthritis.
The presence of theHLA-B27 antigen,
although not diagnostic, increases the
likelihood of reactive arthritis.

Management
Treatment for reactive arthritis should be
directed toward decreasing pain and in-
flammation. NSAID therapy is initiated
commonly in the acute setting, with
ibuprofen or naproxen being the most
frequently used drugs. Corticosteroids
and disease-modifying antirheumatic
drugs are available for patients who have
severe disease unresponsive to NSAIDs
but should be used only in consultation
with a rheumatologist.

Lessons for the Clinician

• Reactive arthritis is an important
cause of mono- or oligoarthritis
associated with extraarticular in-
flammatory manifestations, most
notably conjunctivitis and urethritis.

• Reactive arthritis follows enteric in-
fections caused by Campylobacter
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spp, Y enterocolitica, or Salmonella
spp or urogenital infections caused
by C trachomatis.

(Jonathan D. Crews, MD, Morven S.
Edwards, MD, Department of Pediat-
rics, Baylor College of Medicine and
Texas Children’s Hospital, Houston,
TX)

Case 3 Discussion
In view of the neuropsychiatric man-
ifestations, chronic constipation, per-
sistent hyponatremia, hypertension,
and dark red urine, acute intermittent
porphyria (AIP) was suspected. The
urine was strongly positive for por-
phobilinogen (PBG) and delta amino-
levulinic acid (ALA). Lead poisoning
was ruled out by absence of punctuate
basophilia in the peripheral blood
smear and normal blood and urine
lead levels. Phenytoin was discontin-
ued, and the patient was started on
high dextrose infusion. Intravenous
hemin was unavailable locally. There
was dramatic improvement, and the
boy was walking in 48 hours. He ex-
perienced slight confusion and hallu-
cinations, which were relieved by
chlorpromazine. The serum sodium
level was corrected, and repeat urine
specimens revealed a decrease in por-
phyrin levels. Repeat EEG and NCV
were normal. He was discharged on
a high carbohydrate diet and pro-
vided with a list of medications to
be avoided.

The Condition
Porphyrias are inherited metabolic
disorders of the heme biosynthetic
pathway. They are classified as acute
(hepatic) or cutaneous (erythropoi-
etic) porphyrias, based on the site of
accumulation of porphyrins. There are
seven types of porphyrias in humans,
five hepatic and two erythropoietic.
Hepatic porphyrias are differentiated
from cutaneous porphyria by the

absence of skin rash and photosensi-
tivity. Variegate porphyria is a mixed
porphyria with overlapping features.
Acute porphyrias present with neuro-
visceral manifestations.

AIP is the most common form of
hepatic porphyrias and results from
the deficiency of porphobilinogen
deaminase (PBGD), the third enzyme
in heme metabolism (Fig 2). The esti-
mated prevalence is w5/100,000.
AIP has a female preponderance and
typically presents after puberty. It
has an autosomal dominant inheri-
tance with varying penetrance. The
disease often skips generations before
presenting in a family. More than
90% of individuals who inherit the
enzyme deficiency remain clinically
latent throughout their lives. Acute
attacks are triggered by drugs, alco-
hol, infection, stress, starvation, and
hormonal changes (eg, pregnancy
and menstruation).

Drugs that induce hepatic enzyme
delta aminolevulinic acid syn-
thase (ALAS1) include barbiturates,
sulfonamides, phenytoin, carba-
mazepine, valproate, griseofulvin,

metoclopramide, progestins, and da-
nazol. These agents are porphyrino-
genic. The ultimate action of these
drugs results in the build-up of
PBG and aminolevulinic acid, which
are excreted in urine. Accumulation
of these metabolic intermediates in
nervous tissue inhibits the action of
gamma aminobutyric acid and results
in neurotoxicity via lipid peroxidation,
which causes autonomic and peripheral
neuropathy, resulting in the episodes
of colicky abdomen pain, urinary re-
tention, obstinate constipation, labile
hypertension, and tachycardia.

Axonal neuropathy can cause bulbar
paralysis, and respiratory failure may
ensue. AIP can mimic Guillain-Barré
syndrome. The conditionmaymanifest
as hallucinations, seizures, hysteria,
agitation, anxiety, depression, pho-
bias, psychosis, paranoia, delirium,
and coma. Hyponatremia is an im-
portant biochemical finding and is
caused by inappropriate antidiuretic
hormone secretion and perturbation
in renal tubular sodium reabsorption.
Leukocytosis, hypercholesterolemia,
hypomagnesemia, impaired glucose

Figure 2. The pathway of hemoglobin biosynthesis. ALA[delta aminolevulinic acid;
HMB[hydroxymethylbilane; PBG[porphobilinogen.
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tolerance, and increased thyroxine
may occur in some cases. AIP is di-
agnosed by the findings of elevated
urinary PBG and five ALA levels
and normal fecal porphyrins.

Management
The mainstays of management in-
clude discontinuation of all inciting
drugs and correction of electrolyte
and fluid imbalances. Intravenous he-
min or heme arginate is the treatment
of choice for severe acute attacks of
porphyria, but these drugs are not uni-
versally available. Hemin provides
a negative feedback to the hepatic
ALAS1 (the rate-limiting enzyme in
heme production) and shuts down
porphyrin precursor overproduction.
Infusion-site phlebitis, anaphylaxis,
hemochromatosis, coagulopathy, and
renal tubular necrosis are common
adverse effects of hemin therapy. Car-
bohydrate loading, oral or intrave-
nous, is used in milder cases because

this therapy suppresses hepatic ALAS1
activity.

Hemodialysis and hemoperfusion
also have been used as therapeutic op-
tions when hemin is unavailable. Anti-
convulsants that are safe to use in
porphyria are bromides, gabapentin,
and vigabatrin. Clonazepam is a rela-
tively safer alternative to other benzo-
diazepines. Phenothiazines are used
to treat vomiting because metoclopra-
mide is porphyrinogenic. Patients
may require opiates to alleviate pain.
Laxatives should be used to avert
constipation. Liver transplantation
is considered in severe recurrent at-
tacks of AIP. Gene therapy is being
studied currently.

Because AIP has an autosomal
dominant inheritance, all family
members should be screened. Mea-
suring erythrocyte enzyme levels
and DNA testing for PBGD muta-
tion are used to identify other gene
carriers in a family. The prognosis

is good if the disease is recognized
early. Long-term complications
can include chronic hypertension,
renal failure, and hepatocellular
carcinoma.

Lessons for the Clinician

• Porphyria is a great masquerader.
• A meticulous medical history should

be taken in every case of seizure dis-
order because a history of constipa-
tion and vomiting suggests the
diagnosis of porphyria.

• A high degree of suspicion is re-
quired in all cases to avoid misdi-
agnosis because inappropriate
pharmacotherapy may exacerbate
the disease.

(Kamakshya P. Patra, MD, Mayo
Clinic Rochester, MN)

To view Suggested Reading lists,
for these cases, visit http://pedsinreview.
aappublications.org and click on
“Index of Suspicion.”
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Fever and Petechial Rash in a
9-year-old Boy

Stephanie Eng, MD,* Amanda Moon, MD,†

Christopher Leander, MD,‡ Michael Del Vecchio, MDx

Presentation
A 9-year-old boy presents to the emergency department
in mid-April complaining of subjective fevers for 5 days
and a rash for 2 days. The rash had appeared initially
on his ankles. The day before, the rash had spread to
his feet and began to itch. On the day of presentation,
the patient is noted to have a temperature of 102°F.
His past history is unremarkable and includes removal
of a chalazion. He has no history of exposure to anyone
with similar symptoms or any recent travel history or time
spent in wooded areas. His twin sister had acquired
Rocky Mountain spotted fever 1 year ago.

On presentation, the boy is alert, oriented, and in no
acute distress. Vital signs are temperature, 37.3°C; blood
pressure, 94/62 mm Hg; heart rate, 100 beats per min-
ute; respirations, 20 breaths per minute; and oxygen sat-
uration, 99% on room air.

Physical examination reveals petechiae on his right
hand, left palm, and both knees. No bruising is noted.
There arew6 petechiae on his chest, and a coalescing pe-
techial rash is present on the dorsal and pedal surfaces of
both feet extending to the ankles (Fig).

Initial laboratory values include C-reactive protein
level of 1.29 mg/L (normal, 0–5 mg/L), hemoglobin
concentration of 11.4 g/dL, and hematocrit level of
32.6%. The patient is leukopenic (white blood cell count,
2.8 � 103/mL) and mildly thrombocytopenic (platelet
count, 133 �103/mL).

A diagnosis is made based on clinical and laboratory
findings.

Figure. Petechialrash on feet and ankles.
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Diagnosis: Petechial Papulopurpuric Gloves-
and-Socks Syndrome
The diagnosis of petechial papulopurpuric gloves-and-
socks syndrome (PPGSS) is based on the following clinical
picture: a monomorphic, purpuric, petechial maculopapu-
lar rash restricted to the distal extremities that is pruritic,
swollen, and painful. Laboratory data can help to distin-
guish this dermatosis from others through the presence
of immunoglobulin M (IgM) antibodies to parvovirus B19.

Discussion
PPGSS is an infrequently seen dermatosis of viral etiology
that affects the pediatric population more commonly than
the adult population. The syndrome is acute and self-
limiting, with spontaneous resolution of symptoms 1 to
2 weeks after palmar and plantar desquamation. PPGSS
also has been referred to as “papular purpuric gloves
and socks syndrome,” yet, the term petechial PGSS is bet-
ter suited because the name emphasizes the petechial as-
pect of the syndrome.

Presentation
First described in 1990 by Harms et al, (1) PPGSS usually
presents with a painful, pruritic, purpuric, petechial, and
edematous maculopapular rash in a stocking-and-glove
distribution over the distal extremities. Occasionally, sim-
ilar lesions may appear at other sites on the body, includ-
ing the oral and genital areas. This viral exanthem often is
preceded by fever, abdominal pain, arthralgia, lymphade-
nopathy, myalgia, anorexia, weakness, and respiratory or
gastrointestinal symptoms. Diagnosis is based on clinical
characteristics and confirmed with laboratory results. (2)

Laboratory data may be nonspecific and can show leu-
kopenia, leukocytosis, neutropenia, thrombocytopenia,
eosinophilia, and mild elevation of transaminase levels.
Markers of inflammation may be elevated, such as the
erythrocyte sedimentation rate and levels of C-reactive
protein. (2)

PPGSS is caused most frequently by parvovirus B19,
but may be caused occasionally by other viruses, including
herpesvirus 6, Coxsackie B virus, Epstein-Barr virus, mea-
sles virus, cytomegalovirus, and hepatitis B virus. Parvovi-
rus B19 is associated also with other conditions, such as
erythema infectiosum (fifth disease), transient aplastic
crisis, arthralgias, rheumatoid-like arthritis, spontaneous
abortions, and hydrops fetalis. (2)

Most cases of PPGSS have been described in white
children and adolescents, with equal incidence among
males and females. PPGSS tends to occur during the late
spring and summer. (3)

Differential Diagnosis
The differential diagnosis for fever and a petechial rash,
especially with initial location on the hands and feet, must
first include Rocky Mountain spotted fever, then menin-
gococcemia (or other bacterial infection leading to sep-
sis), and ehrlichiosis. All of these illnesses can lead to
significant morbidity and even mortality. Additionally,
the differential diagnosis should include atypical measles,
allergic reactions, and atypical collagen vascular diseases
or Kawasaki disease. Other self-resolving viral illnesses in-
clude Epstein-Barr virus infection and enteroviral infec-
tion, specifically hand-foot-and-mouth disease. (3)

Management
PPGSS is a mild, self-limited illness and thus does not re-
quire treatment. Symptomatic relief of fever and pruritus
may be indicated in some patients. The infectivity of par-
vovirus B19 will depend on the specific syndrome or con-
dition acquired. Patients who have PPGSS should be
considered infectious throughout the duration of symp-
toms, because the presence of symptoms indicates active
viremia, and symptoms disappear once an antibody re-
sponse has developed. Patients who have aplastic crises
are infectious before the onset of symptoms and continue
to be infectious for a short period of time after symptoms
have subsided. Conversely, patients who have erythema
infectiosum are most infectious before onset of their rash
and are unlikely to be infectious once the rash or other
symptoms have appeared. (4)

Because parvovirus B19 infection is spread by person-
to-person contact, it is important to remember that
certain groups of people should avoid contact with the
affected individual (or decrease exposure time if contact
is necessary). These groups include pregnant women, im-
munocompromised individuals, and individuals who have
an increased need for production of red blood cells (eg,
sickle cell disease). Pregnant caretakers should be in-
formed of possible risks parvovirus B19 infections may
pose to the fetus and told about preventive measures that
may decrease these risks. These precautions include strict
infection control procedures and limiting contact with
patients who have parvovirus B19–associated aplastic cri-
ses or immunocompromised patients who have chronic
parvovirus infection. For any patient presenting with a pe-
techial or purpuric rash of unknown cause, testing for
parvovirus infection should be considered. (4)(5)(6)

Patient Course
Because of the fever and petechial rash, the patient
was admitted to the hospital to be treated for Rocky
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Mountain spotted fever as well as meningococcemia and
other bacterial processes. Upon arrival to the floor, the
patient remained mildly tachycardic, febrile, and slightly
hypotensive (blood pressure range, 94–99/35–49 mm
Hg), with a widened pulse pressure of 49–59 mm Hg.
He received vancomycin, cefotaxime, and doxycycline
initially.

The patient defervesced by the third hospital day. At that
time, vancomycin and cefotaxime were discontinued owing
to negative blood cultures. Initially, the rash remained un-
changed and showed no improvement until hospital day 4.

Before discharge, the results of an Ehrlichia antibody
panel, Rocky Mountain spotted fever IgG enzyme immu-
noassay, and enterovirus polymerase chain reaction were
negative. Epstein-Barr viral antibody test results were con-
sistent with a previous infection. A repeat complete blood
count with differential showed improving white blood cell
and platelet counts. The patient was discharged from the
hospital with close follow-up with his pediatrician and with
instructions to complete a 10-day course of doxycycline.

The patient presented to his pediatrician’s office for
follow-up after hospital discharge and was improving. He
was continuing his doxycycline regimen and his rash was
fading. He was well otherwise, denying fever, rhinorrhea,
cough, abdominal pain, headache, bruising, or bleeding.
He appeared well on examination and had a fine, fad-
ing, erythematous papular rash on both feet and right
forearm, with clustered petechiae on his right shoulder.
The patient was instructed to complete his doxycycline
course as prescribed.

Laboratory samples were drawn during the follow-up
visit. Repeat Rocky Mountain spotted fever and Ehrlichia
antibody titers were negative, and a complete blood cell
count was within normal limits. However, the laboratory
results did show positive (>1.11 mg/dL) parvovirus B19

titers (parvovirus B19 IgG 3.5 mg/dL and parvovirus
B19 IgM 8.4 mg/dL). These findings were consistent
with acute parvovirus infection.
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Summary

• In evaluating a patient presenting with fever and
a petechial rash, one must consider a serious
underlying illness such as meningococcemia, Rocky
Mountain spotted fever, and ehrlichiosis. However,
the patient may have a benign, self-limiting viral
illness.

• As illustrated by this case, one such diagnosis could be
PPGSS, and parvovirus testing should be considered as
part of the initial laboratory evaluation.
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