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After completing this article, readers should be able to:

1. Describe the changing epidemiology of perinatal human immunodeficiency virus (HIV)
transmission and delineate effective interventions to reduce the rate of mother-to-
child transmission.

2. Compare the clinical manifestations of HIV infection by age of presentation.

3. Describe the most appropriate diagnostic tests for HIV infection by patient age.

4. Describe the principles of antiretroviral treatment and classes of drugs.

Introduction

Pediatric HIV infection can present in neonates, children, or adolescents. The number of
cases of acquired immunodeficiency syndrome (AIDS) among children in the United
States is decreasing because of increased success in preventing perinatal transmission as well
as the availability of effective treatments. Prompt diagnosis and adherence to effective
treatments are critical to changing the face of HIV infection from a fatal disease to a
chronic, manageable infection. Sadly, pediatric HIV /AIDS in the developing world is
essentially unchecked, with almost 600,000 new infections in children younger than 15
years of age in 2002.

Definitions

HIV defines a chronic RNA virus infection in the host. When opportunistic or other
unusual or persistent infections have occurred or when the CD4 + lymphocyte count is less
than 200 cells in persons older than age 12 years, a patient is defined as having AIDS.
Opportunistic infections are caused by organisms in the environment that usually do not
cause harm to persons who have intact immune systems, but can be the basis of serious or
even fatal infection in those who have compromised immune systems.

HIV enzyme-linked immunosorbent assay (ELISA) is a test performed on serum to
detect antibodies against HIV antigens. If the ELISA results are positive, a Western blot is
performed to identify individual antibodies to HIV antigens. A patient may have a positive
ELISA result, but a negative Western blot result: This patient does not have HIV infection.
Anyone older than 18 months of age who has a positive HIV ELISA result that is
confirmed by Western blot is infected with HIV. Infants born to HIV-infected mothers
have positive ELISA and Western blot results due to the passive transfer of maternal
antibody, but this does not confirm infection, and viral-specific testing must be performed.

HIV viral load is determined by polymerase chain reaction (PCR) quantitation on
plasma of the number of HIV virions present. A test that documents more than 10,000
copies/mL is diagnostic of HIV infection. This test is used to follow the efficacy of therapy,
and virions will become nondetectable in patients receiving optimal therapy. HIV DNA by
PCR s a qualitative test on peripheral blood cells that detects HIV DNA in the host cell
genome that has been reverse transcribed from the HIV RNA. A positive test result is
diagnostic of HIV infection. This test result remains positive, even in optimally treated
patients. HIV coculture is performed on peripheral blood mononuclear cells and uses
donor cells to amplify infection in tissue culture. A positive culture is diagnostic of HIV
infection.
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tavte 1. Centers for Disease Control and Prevention Immune Classification
Based on CD4 Lymphocytes and Patient Age

<12 mo

TtoS5y

6to12y

No/mm? (%)
=1,500

Immune Category

Category 1: (=25%)

No suppression

No/mm?

=1,000

(%) No/mm? (%)

(=25%) =500 (=25%) >350

Category 2: Moderate 750 to 1,499 (15% to 24%) 500 to 999 (15% to 24%) 200 to 499 (15% to 24%) 200 to 350

suppression
Category 3: <750
Severe suppression

(<15%) <500

(<15%) <200 (<15%) <200

Modified from CDC. 1994 Revised classification system for human immunodeficiency virus infection. MMWR. 1994;43(No. RR-2):1-10. >12 y column

added by authors from current guidelines.

The Centers for Disease Control and Prevention
(CDC) immune classification defines the degree of risk
for opportunistic infections by age and CD4 cell count
and percentage (Table 1).

Epidemiology

In the United States, more than 90% of reported cases of
AIDS in children are due to perinatal acquisition. The
other 10% of children acquire HIV from prior blood
product exposure, sexual abuse, or unknown sources.
Although in the earlier years of the epidemic 40% or
more of HIV-infected infants and children were born to
women whose personal risk behaviors included injection
drug use, heterosexual contact and undefined risks con-
stitute the predominate risk categories in more recent
years (Fig. 1).

Currently, all pregnant women should be offered
counseling and testing for HIV infection during preg-
nancy. The transmission rate in infected, untreated (usu-
ally undiagnosed) pregnancies is approximately 25%.
When HIV-infection is undiagnosed in pregnancies, an
opportunity is missed to: 1) offer antiretroviral therapy
for maternal health and to reduce perinatal transmission;
2) choose formula feeding to prevent additional expo-
sure to HIV through human milk; 3) allow women to
make informed reproductive choices in the future;
4) identify HIV-infected siblings who would benefit
from early HIV care; and 5) inform sexual partners of
their potential status and to seek treatment if infected.

The rate of perinatal transmission of HIV is less than
2% when antenatal, intrapartum, and infant prophylactic
antiretroviral therapies include reverse transcriptase in-
hibitors such as zidovudine (AZT). Approximately 30%
to 50% of infected infants acquire infection in utero; thus,
most infected infants (particularly those born to un-
treated women) acquire infection intrapartum (35%) or

through breastfeeding (at least 15%). Women whose
onset of HIV infection occurs while pregnant may be at
higher risk for in utero transmission than those who were
HIV-seropositive before pregnancy. Reduction of mater-
nal HIV viral load to a nondetectable level is the key to
preventing vertical transmission of HIV. Studies have
shown that cesarean section can be helpful in preventing
peripartum transmission. Because HIV can be transmit-
ted in human milk, women should choose formula feed-
ing. Every infant in the United States born with HIV
infection represents a failure of the health care system to
provide access to testing, counseling, and antiretroviral
therapy to seropositive pregnant women.

However, even if pediatric HIV were prevented com-
pletely in the United States, the epidemic would con-
tinue to rage in the world. Indeed, 2,000 children were
infected with HIV daily in the year 2002 in developing
countries. The cost of antiretroviral regimens such as
AZT with or without lamivudine or nevirapine to pre-
vent transmission varies, but even when provided free of
charge, they are not always readily available to pregnant
women because of a lack of coordinated health care
systems. Frequently, antiretroviral therapy is not avail-
able for parents. Orphaned children, even when HIV-
free, often have short lives. It is unlikely that the world
epidemic of HIV will end before the development of
effective preventive vaccines and before millions have
died.

In America, adolescents have one of the fastest grow-
ing rates of HIV infection. Injection of drugs and unpro-
tected sexual intercourse are common risk behaviors.
Youth at highest risk often are homeless, disenfranchised,
and living in poverty, although sexually active (or sexu-
ally abused) adolescents everywhere are at risk unless
barrier protection is used. The incubation period from
time of contact to presentation with symptoms ranges
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Figure 1. Mother's exposure category by year of diagnosis for perinatally acquired AIDS,
1982 to 1999, United States. Exposure category data are adjusted for reporting delays
and estimated proportion of redistribution of cases reported without a risk.

from 1 to 2 weeks to months or years. HIV is present in
genital secretions, and the HIV viral load in semen has
been correlated with the risk of horizontal transmission.
The highest risk for horizontal transmission probably is
in persons who have new-onset infection (often undiag-
nosed) and those who are not receiving antiretroviral
therapy. High viral loads occur in both circumstances.
Clinicians caring for this age group should maintain a
heightened awareness of HIV as a possibility in youth
presenting with a mononucleosislike illness or with per-
sistent systemic adenopathy. Antibody testing results by
standard ELISA and Western blot may not be positive for
up to 6 months after infection. Diagnosis can be made by
HIV RNA PCR in these patients, which allows patients
the very early treatment that some studies have shown
offers the best opportunity to maintain a normal immune
system. Therefore, heightened awareness of this symp-
tom complex, appropriate and rapid testing, and institu-
tion of treatment are vital to the health of the patient and
to public health. Clinicians also must consider HIV as a
possible diagnosis in children who have been sexually
abused and present with similar symptoms. For these chil-
dren as well as for adolescents, HIV RNA PCR and ELISA
and Western blot antibody testing should be ordered.

Pathogenesis

HIV infects the immune system. Infants who have ac-
quired the infection in utero, intrapartum, or through
breastfeeding have immature immune systems. The HIV
virus infects CD4+ lymphocytes that are central to the
immune response to most pathogens. When the virus
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infects a cell, it becomes latent
within the host cell genome until
activated by antigens or pathogens.
When activated, the viral genome
replicates, and viral proteins are
produced. The cell ruptures and
dies as the virions are extruded
through the cell membrane. These
viruses then infect cells (eg, lym-
phocytes, monocytes, macro-
phages) with CD4 receptors and
chemokine coreceptors, allowing
the process to begin again. Mea-
surement of cell-free virus in the
plasma (HIV RNA viral load) re-
flects the total body burden of vi-
rus. Infected cells always are posi-
tive for HIV viral genome (the HIV
DNA), even when viral load is well
controlled. The thymus is most ac-
tive early in life and is the organ where CD4 cells mature.
When viral load is controlled, the CD4 lymphocyte pop-
ulations can be repleted with both memory and naive
cells from the thymic reservoir.

HIV-infected children may present with more serious
manifestations or recurrence or persistence of common
childhood illnesses. Infection may lead to a dysfunctional
response to the pathogen. For example, CD4 lympho-
cytes help B cells to differentiate and produce antibodies
to certain pathogens, and 95% of HIV-infected children
have very high immunoglobulin levels, suggesting the
presence of a chronic stimulus. In part, these antibodies
are against HIV, but they also may be produced in response
to other pathogens, although they presumably are dysfunc-
tional in preventing or attenuating repeated infections. Op-
portunistic infections in children and adolescents can occur
when the CD4 lymphocyte number is low, especially if it is
less than 200 CD4+ cells. The actual CD4 number at
which a patient is at risk is age-dependent (Table 1).

Additionally, HIV may lead to bone marrow suppres-
sion that is characterized by a modest degree of anemia
and neutropenia. Thrombocytopenia also may be due to
marrow suppression or to immune destruction due to
antigen-antibody complexes.

1998

Clinical Aspects

Fewer infants and children have been diagnosed with
HIV infection in the past 5 years in the United States, but
pediatricians should remain aware of clinical signs and
symptoms suggestive of HIV infection and know how
best to make the diagnosis. Optimal management of



HIV-infected patients requires collaboration among the
primary care pediatrician and pediatric HIV and multi-
disciplinary specialists.

Pertinent points in the medical history of a child who
has HIV infection include: recurrent bacterial infections
such as otitis media, sinusitis, bacteremia, and pneumo-
nia; failure to thrive; loss of developmental milestones;
and persistent or unusual infections such as thrush or
varicella zoster.

Infants Ages 1 to 2 Years

Infants can present in the first few months of life, and
older children present in later years as immunity wanes.
Among infants 1 to 2 years of age, the primary signs and
symptoms are: Preumocystis carinii pneumonia (PCP),
lymphoid interstitial pneumonitis (LIP), recurrent bac-
terial infections (especially Streptococcus pnewmonine),
failure to thrive, HIV encephalopathy, and refractory
thrush or candidal diaper rash.
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with 28% neutrophils, 14% lymphocytes, 22% atypical
lymphocytes, 9% monocytes, 3% cosinophils, and 24%
other; hemoglobin, 7.7 g/dL (77 g/L); hematocrit,
24.1% (0.241); platelet count, 184%10%/mcL
(184%10°? /L); mean corpuscular volume, 70 fL; and
RDW, 17.3. The cerebrospinal fluid protein level, glu-
cose concentration, and cell count are normal. Based on
these findings, the differential diagnosis focused on on-
cologic disecase, and bone marrow aspiration was
planned. However, the patient’s respiratory status
worsened, although he was receiving ceftriaxone, and
bronchoalveolar lavage revealed Pneumocystis carinii.
The infant improved after receiving trimethoprim/
sulfamethoxazole and methylprednisolone, and he
tested positive for HIV antibody and DNA and RNA by
PCR.

This case is illustrative of a presentation with PCP and
splenomegaly. Respiratory distress associated with hyp-
oxia (but without auscultatory findings) that does not
improve after administration of appro-
priate antibiotics should lead the pedia-
trician to consider PCP. When PCP is
suspected, bronchoalveolar lavage or
lung tissue biopsy should be performed
to confirm the diagnosis. Although
there does not appear to be a direct
correlation between the number of
CD4+ lymphocytes and acquisition of
PCP as an opportunistic infection in the
first postnatal year, infants who have

A 6-month-old infant presents to the emergency de-
partment with a 3-day history of low-grade fever, rapid
respiratory rate, and decreased oral intake. Physical ex-
amination reveals an ill-appearing child in moderate re-
spiratory distress. The child’s length is at the 50th per-
centile, weight is at the 5th percentile, and head
circumference is at the 50th percentile. The heart rate is
160 to 180 beats/min, respiratory rate is 60 to 80
breaths/min, and blood pressure is 85/55 mm Hg.
Pertinent findings on physical examination include:
lungs clear to auscultation with breath sounds present
throughout and no wheezing, but with intercostal re-
tractions; no murmur; liver palpable 3 cm below left
costal margin; spleen firm and palpable to the iliac crest;
and bilateral anterior and posterior cervical and axillary
adenopathy. Oxygen saturation by probe is 90% on room
air. Chest radiography reveals hyperinflation with diffuse
interstitial perihilar infiltrates. Laboratory results include:
white blood cell count, 12.8x10%/mcL (12.8X10° /L),

immune abnormalities, including HIV
and leukemia or severe combined im-
munodeficiency disease, can present with PCP. In essen-
tially all of the immunocompromised states in which PCP
can develop, rapid diagnosis and initiation of appropriate
therapy for the underlying disease process can optimize
the prognosis. Testing should include HIV antibody and
DNA and RNA by PCR if the antibody is positive. PCP
is treated best with steroids and trimethoprim/
sulfamethoxazole or with dapsone or intravenous penta-
midine. One study showed the equivalence of clindamy-
cin and primaquine to trimethoprim/sulfamethoxazole.

Although PCP is one of the possible diagnoses in an
immunocompromised patient who has respiratory dis-
tress and radiographic evidence of diffuse interstitial pul-
monary infiltrates, the differential diagnosis also includes
Mycoplasma, Legionelln, chlamydial, pneumococcal, re-
spiratory syncytial virus, parainfluenza, and adenoviral
infections. These can be diagnosed with rapid viral anti-
gen detection tests, urinary antigens, bronchoalveolar
lavage, or lung biopsy.
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Table 2. AIDS-defining Conditions
Most Commonly Reported
through 2000 to the CDC for
Children <13 y, United States®

% of

Condition Number Cases
Pneumocystis carinii pneumonia 2,959 88
Lymphoid interstitial pneumonitis 2,100 24
Recurrent bacterial infections 1,836 21
HIV wasting syndrome 1,641 18
HIV encephalopathy 1,495 17
Candida esophagitis 1,414 16
Cytomegalovirus disease 902 10
Mycobacterium avium infection 732 8
Severe herpes simplex virus 445 5
Cryptosporidiosis 432 5
Pulmonary candidiasis 335 4
*N = 8,908

LIP also is in the differential diagnosis. This clinical
syndrome can develop when an HIV-infected child ac-
quires primary Epstein-Barr virus (EBV) infection. At the
lung tissue level, this results in recruitment of CD8
(cytotoxic) T cells, with cytokine secretion and resultant
tissue damage. Steroids and oxygen form the basis of
therapy. The chest radiograph may show a “honeycomb”
pattern for months or years. Usually children who
present with LIP have a far better prognosis than those
who present with PCP.

PCP has been the leading AIDS-defining illness in
children reported to the CDC since the syndrome ini-
tially was recognized (Table 2) (Fig. 2). PCP is uncom-
mon in the first 2 months after
birth, but peaks in incidence at 5
months, with significant reported
numbers in the first postnatal year.
All too often, infants who present
with PCP are the first indication
that at least the mother is HIV-
infected. Fathers may be infected
from horizontal transmission and
other children from vertical trans-
mission. Consequently, when PCP
is suspected or confirmed, the HIV
medical team, which usually in-
cludes physicians trained in infec-
tious disease or immunology,
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sion of care, contact information and referrals, and men-
tal health services.

Infants also may present with signs of an ongoing
systemic HIV infection. For example, a child may mani-
fest with petechiae, marked splenomegaly, diffuse ade-
nopathy, and a platelet count less than 10X10°/mcL
(1010 /L), yet otherwise appear well. An infected
child may present below the appropriate weight growth
percentiles for age. Linear growth also may be impaired,
but this may not be apparent until the child is older.
Some infants have a rapidly progressive course character-
ized by neurologic manifestations that include motor
abnormalities or the development of acute encephalopa-
thy with loss of developmental milestones. Most children
who have long-standing HIV infection develop mild-to-
moderate cortical atrophy and some aspect of a learning
disability, such as attention deficit disorder.

Children Ages 2 to 6 Years
The primary signs and symptoms of HIV infection in this
age group are: multiple episodes of otitis media and
sinusitis, recurrent bacterial infections (S preumonine),
LIP, and HIV encephalopathy.

The 2- to 6-year-old child who has HIV infection
might present with eczema or have multiple episodes of
otitis media, sinusitis, or both, accompanied by adenop-
athy. Persistent or recurrent adenopathy in an otherwise
seemingly well child should alert the pediatrician to the
possibility of systemic viral infections such as cytomega-
lovirus, EBV, or if adenopathy persists for months, HIV.
For example, we cared for a 9-year-old child who was
found to be HIV-infected after a 2-year evaluation for
recurrent sinusitis revealed elevated immunoglobulin
levels.

Pneumocystis carinii pneumonia

Other AIDS-defining
conditions

T L e e
10 12 14
Age in Months

nurses, and social workers, can help  Figure 2. AIDS-defining conditions by age at diagnosis for perinatally acquired AIDS

with disclosure of diagnoses, provi-

190 Pediatrics in Review Vol.24 No.6 June 2003

cases reported through 2000, United States.



SEropo

L, hg e s

Prior to the standard practice of offering conjugate
pneumococcal vaccines in infancy, invasive disease (bac-
teremia, pneumonia, meningitis) with S pneumonine was
more common in the HIV-infected population than in
those not infected. A 2-year-old previously healthy, fully
immunized boy presented to us with periorbital cellulitis
and no history of trauma. We reasoned that S pnren-
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strate that each of these children had been healthy before
his or her diagnosis. Infected children may be identified
when a mother presents symptomatically or accesses
testing during pregnancy.

Among adolescents, a primary infection syndrome in
the first 2 to 6 weeks after HIV infection is seen in 30% to
70% of patients. This can include sore throat, fever,
myalgias, adenopathy, macular or mac-
ulopapular rash, and fatigue very remi-
niscent of primary EBV infection. Phy-
sicians should consider HIV testing of
sexually active youth who present with
an EBVlike syndrome, but are EBV-
negative, especially if there are concom-
itant sexually transmitted diseases or
high-risk behaviors, such as homeless-

to HiV-

monine was the likely pathogen. When the mother de-
scribed an episode of S pnenmonine meningitis that oc-
curred when the child was 4 months of age, the boy was
tested and found to be HIV-infected. Time will tell
whether pneumococcal immunization can prevent dis-
ease in HIV-infected children.

Children and Adolescents Ages 6 to 21 Years
The primary signs and symptoms of HIV infection in this
age group are: Candida pneumonia, esophagitis, or vag-
initis; varicella zoster; cytomegalovirus retinitis; HIV
wasting; Mycobacterium avium-intracellulare; crypto-
sporidiosis; severe herpes simplex recurrences; and pa-
rotitis.

Older children can present with more of the typical
opportunistic infections due to low CD4 lymphocyte
numbers. For example, a 12-year-old girl presented with
appendicitis, but the surgeon noted that she also had oral
thrush. Her HIV ELISA and Western blot test results
were positive, and the CD4+ count was fewer than 100
cells. Interestingly, the past medical history included an
episode of varicella zoster the prior year. A 10-year-old
boy who presented with varicella zoster and systemic
adenopathy had a CD4+ lymphocyte count of 90 cells.
A 13-year-old boy presented with syncope on the foot-
ball field due to anemia and thrombocytopenia and was
found to have a CD4+ lymphocyte count of 80 cells. In
contrast, certain infections in adults who have HIV, such
as Bartonella with resultant bacillary angiomatosis, are
seen infrequently in children who have HIV infection.
These case vignettes are presented not only as examples
of presentations with HIV or AIDS, but also to demon-

ness or illicit drug use. A rapid diagnosis
is important because some of the most
exciting research to date stems from ag-
gressively treating such persons with antiretroviral ther-
apy as soon as the diagnosis of HIV is established to keep
the immune system intact and competent.

Laboratory Tests

Infected patients may have mild anemia, thrombocyto-
penia, or neutropenia. The differential count on the
complete blood count often reveals atypical lympho-
cytes. Early in infection, lymphocytes generally predom-
inate. Hepatic parenchymal enzymes (alanine amino-
transferase, aspartate aminotransferase) may be elevated
at baseline. These levels also may become elevated when
antiretroviral therapy is initiated. Immunoglobulin (Ig)
levels may be high (eg, IgG of 3,000 to 4,500 mg/dL
[30 to 45 g/L]).

The CD8+ (cytotoxic) lymphocytes are proportion-
ately higher than the CD4+ (helper) lymphocytes, re-
sulting in a CD4,/CD8 ratio of less than 1. Therefore,
both arms of the immune system (cellular and humoral)
are abnormal, much as in children who have severe
combined immunodeficiency, making them susceptible
to similar opportunistic pathogens.

Infants born to women who are known to be infected
have positive antibody test results (ELISA or Western
blot) for HIV that reflect passive transplacental transfer
of IgG to HIV across the placenta for as long as 18
months after birth. Therefore, young infants who were
born to HIV-seropositive women must be tested by
virus-specific diagnostic tests (HIV culture, DNA PCR,
RNA PCR, or sometimes HIV p24 antigen). All others
should be tested by ELISA and Western blot.
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Management

A living document at the Web site www.aidsinfo.nih.
gov/guidelines is updated as new findings or new agents
are made available for children and adolescents who have
HIV. Authors for this site are investigators at many
HIV /AIDS treatment centers, and discussions related to
a variety of clinical scenarios are included.

Antiretroviral Agents

The mainstays of therapy include a combination of drugs
from one to three categories based on their site of action
against HIV replication. Reverse transcriptase inhibitors
target an enzyme that converts HIV RNA to DNA for
transcription by the host cell genome. Reverse transcrip-
tase can be blocked by nucleoside analogue agents such
as AZT, didanosine (ddI), stavudine (d4T), lamivudine
(3TC), zalcitabine (ddC), abacavir (ABV), and tenofo-
vir. Nonnucleoside analogue reverse transcriptase inhib-
itors (NNRTTIs), including nevirapine, efavirenz, or dela-
virdine, can block a second active site on the reverse
transcriptase enzyme. A separate site of action is blocking
of the protease enzyme that is important in processing
key HIV proteins. HIV protease inhibitors include nelfi-
navir, ritonavir, indinavir, saquinavir, amprenavir, and
lopinavir.

Immune-based Therapy

There are several adjunctive options to antiretroviral
therapy. HIV vaccines can boost immunity to HIV.
Intravenous immune globulin can provide functional
humoral immunity, especially if the patient has repeated
episodes of otitis media, sinusitis, or invasive bacterial
infections such as with pneumococcus. Cytokines can
enhance the cellular immune system (interleukin-2 and
gamma-interferon).

Initial Antiretroviral Therapy
Data suggest that from birth to 12 months of age, infants
have the best outcome if antiretroviral therapy is begun
as soon as an infection has been diagnosed. When an
older child or adolescent is identified after more than 1
year of HIV infection, the timing for initiating antiretro-
viral therapy is based on HIV viral load, CD4+ lympho-
cyte count, and clinical status. Effective initial combina-
tions have included two nucleoside analogue reverse
transcriptase inhibitors (NRTTs) plus a protease inhibitor
or an NNRTI. For persons who have higher viral loads
(usually accompanied by lower CD4 lymphocyte
counts), a second protease inhibitor may be chosen. The
NRTTIs and NNRTTs are formulated in palatable liquid
preparations. The protease inhibitors are highly protein
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bound, are difficult to solubilize stably, and often are
unpalatable. HIV care teams recommend maximization
of social support during initiation or change of antiret-
roviral therapy because the goal of successful therapy is to
bring the HIV viral load to nondetectable levels as
quickly as possible and to maintain suppression durably.
Intermittent adherence leads to viral replication and drug
resistance. Generally, antiretroviral therapy is recom-
mended for all children and adolescents unless they are
completely asymptomatic and have no immune suppres-
sion.

Changing Antiretroviral Therapy

When to change therapy and which regimens to choose is
a complex decision. An important principle is to change
all drugs from the current regimen to gain maximal
benefit and prevent development of resistance. Patients
who have advanced disease may be offered four to eight
different medications to control the viral load. Change
also may be required if the patient experiences significant
adverse effects to an agent(s).

Prophylactic Therapy

Prevention of opportunistic infections is a mainstay of
the management of HIV-infected patients. Generally,
when CD4+ cell counts have fallen to the CDC Cate-
gory 3 (see definitions), the patient will need to begin
therapy to prevent PCP, invasive cytomegalovirus in-
fection (eg, retinitis), and Mycobacterium avium-
intracellulare. Prophylaxis against cryotococcal infection
is controversial but should be discussed. Table 3 outlines
the usual agents and CD4+ cell ranges for prophylactic
therapy.

Immunizations

Standard childhood immunizations are recommended
for children who have HIV infection, including influenza
vaccine if CD4+ cell counts are not profoundly low.
Varicella vaccine has been shown to be safe and immu-
nogenic in HIV-infected children who have normal
CD4+ cell counts. Studies are ongoing to determine the
safety and immunogenicity of this vaccine in children
who have CD4+ cell counts in the moderate range. Live
viral vaccines never should be administered to children
who have the lowest CD4+ cell counts.

Other Health Management
Pediatric HIV infection is a family-centered chronic ill-
ness, often with an overlay of societal stigmatization.
Remaining physically and mentally healthy is difficult.
Perhaps the single greatest problem is disclosure of the



Table 3. Opportunistic Pathogen-directed Prophylaxis

Ganciclovir, valganciclovir

Clarithromycin, azithromycin

Valacyclovir, famciclovir, acyclovir

infectious diseases HIV/AIDS

agents, many fewer HIV-
infected children progress to
AIDS-defining illnesses, which
reflects the ability to maintain
adequate CD4+ cell number
and function with newer regi-
mens. Many, but not all, chil-
dren who had advanced disease
increased their CD4+ cell
counts and avoided additional
opportunistic infections. All pa-
tients who have lower CD4+

Pathogen Patient Category/Condition Therapy
PCP <12 mo of age or CDC immune  TMP/SMX, dapsone
category 3
CMV CDC immune category 3 and
CMV+
MAI Lower range of CDC immune
category 3
Candida Thrush, vaginitis Fluconazole
HSV CDC immune category 3 and
HSV+
Cryptococcus  Lower range of CDC immune Fluconazole
category 3

PCP = Pneumocystis carinii pneumonia; CMV = cytomegalovirus; MAI = Mycobacterium avium-intra-
cellulare; HSV = herpes simplex virus; CDC = Centers for Disease Control and Prevention; TMP/SMX =

trimethoprim /sulfamethoxazole

diagnosis to the child, other family members, friends,
schools, or workplaces. Although laws prevent discrimi-
nation in terms of losing health care coverage, housing,
jobs, and school placements, these issues remain. Provid-
ing children with the age-based appropriate level of
knowledge about their diagnosis is individualized and an
ongoing process undertaken by parents, family, and care-
givers. A mental health screening tool we have used
found that nearly every patient has some component of
depression. We have found it critical to address the
mental health care needs in addition to the other medical
needs to ensure successful adherence to antiretroviral
regimens.

Prognosis

Perinatally infected children and youth in our clinic range
from 1 month of age to late teens. Data from our clinic as
well as information reported on children in the Pediatric
AIDS Clinical Trials group across the country have doc-
umented that in the last 5 years, since the advent of newer

cell counts require prophylaxis
against opportunistic infections
in addition to antiretroviral ther-
apy, necessitating a very large
daily pill burden. Adherence to
effective therapeutic regimens
has become the leading barrier to a shift from an inevi-
table progression to death to living with and managing
HIV as a chronic disease for most affected children.
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HIV/AIDS

PIR Quiz

Quiz also available online at www.pedsinreview.org.

1. You are evaluating a 2-day-old infant born to a mother who had received no prenatal care. HIV enzyme-
linked immunosorbent assay (ELISA) and Western blot tests were positive when the mother was admitted to
deliver the baby. She was not aware of her HIV-positive status. The delivery was via cesarean section and
without complications. Which of the following statements regarding this situation is true?

A. Because the mother was previously undiagnosed, she likely has a low viral load and, therefore, has a
decreased risk of transmitting HIV to her infant.

. Delivering the infant via cesarean section likely reduced the risk of peripartum transmission of HIV.

. It is most likely that this mother acquired HIV infection through the use of injection drugs.

. The likelihood that this infant has acquired HIV from his mother is 50%.

. The mother should be encouraged to breastfeed once antiretroviral therapy has been initiated.
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2. You initiate an evaluation for HIV on the previously described infant. Which of the following results
confirms a diagnosis of HIV infection?

CD4 count of 1,500/mm?>.

Elevated levels of immunoglobulins G and M.
Positive HIV DNA by polymerase chain reaction.
Positive HIV ELISA.

Positive Western blot.
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3. You are seeing an 8-month-old girl who has respiratory distress. Past history is notable for three episodes
of otitis media. Her weight is below the 5th percentile. Her respiratory rate is 50 breaths/min, and her
oxygen saturation on room air is 88%. Her lungs are clear. Chest radiography shows mild bilateral perihilar
infiltrates but no other consolidation. Further history reveals that her mother has a history of heroin use, so
you consider HIV with secondary Pneumocystis carinii pneumonia (PCP) as a possible cause for the child's
distress. Which of the following statements is true?

A. A positive culture for P carinii confirms HIV infection in this child.

B. Bronchoalveolar lavage should be performed to confirm the diagnosis of PCP.
C. Inhaled pentamidine is the treatment of choice if testing for PCP is positive.
D. PCP is very unlikely in this patient because of her young age.

E. The CD4 count in this patient is likely to be normal.

4. Which of the following statements regarding the risk of HIV infection in the adolescent population is true?

A. HIV ELISA testing is always positive 3 months after horizontal transmission.

B. Most adolescents who have HIV infection acquire it from homosexual activity.

C. The incubation period for HIV varies from weeks to years.

D. The risk of transmission is lowest in adolescents who have undiagnosed infection.
E. The risk of transmission is unrelated to HIV viral load.

5. Which of the following laboratory abnormalities is most likely to be seen in a patient who has HIV
infection?

A. High CD4/CD8 ratio.

B. Hyperbilirubinemia.

C. Hypogammaglobulinemia.
D. Leukocytosis.

E. Thrombocytopenia.
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