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Summary

This report updates and combines into one document earlier versions of guidelines for preventing and treating opportunistic
infections (OIs) among HIV-exposed and HIV-infected children, last published in 2002 and 2004, respectively. These guidelines
are intended for use by clinicians and other health-care workers providing medical care for HIV-exposed and HIV-infected chil-
dren in the United States. The guidelines discuss opportunistic pathogens that occur in the United States and one that might be
acquired during international travel (i.e., malaria). Topic areas covered for each Ol include a brief description of the epidemiology
clinical presentation, and diagnosis of the Ol in children; prevention of exposure; prevention of disease by chemoprophylaxis and/
or vaccination; discontinuation of primary prophylaxis after immune reconstitution; treatment of disease; monitoring for adverse
effects during treatment; management of treatment failure; prevention of disease recurrence; and discontinuation of secondary pro-
phylaxis after immune reconstitution. A separate document about preventing and treating of Ols among HIV-infected adults and
postpubertal adolescents (Guidelines for the Prevention and Treatment of Opportunistic Infections in HIV-Infected Adults
and Adolescents) was prepared by a working group of adult HIV and infectious disease specialists.

The guidelines were developed by a panel of specialists in pediatric HIV infection and infectious diseases (the Pediatric
Opportunistic Infections Working Group) from the U.S. government and academic institutions. For each Ol a pediatric special-
ist with content-matter expertise reviewed the literature for new information since the last guidelines were published; they then
proposed revised recommendations at a meeting at the National Institutes of Health (NIH) in June 2007. After these presentations
and discussions, the guidelines underwent further revision, with review and approval by the Working Group, and final endorse-
ment by NIH, CDC, the HIV Medicine Association (HIVMA) of the Infectious Diseases Society of America (IDSA), the Pediatric
Infectious Disease Society (PIDS), and the American Academy of Pediatrics (AAP). The recommendations are rated by a letter that

indicates the strength of the recommendation and a Roman

numeral that indicates the quality of the evidence supporting
The material in this report originated in the National Center for

HIV/AIDS, Viral Hepatitis, STD, and TB Prevention, Kevin Fenton, the recommendation so readers can ascertain how best to app 1)’
MD, Director. the recommendations in their practice environments.
Corresponding preparer: Kenneth L. Dominguez, MD, MPH, Division An important mode gf acquisition Of O, as well as HIV
of HIV/AIDS Prevention, Surveillance and Epidemiology, NCHHSTDR, . . . . .. .

CDC. 1600 Clifion Rd. NE, MS E-45, A ﬂanl:a, GA 30%3’ Telephone, infection among children, is from their infected mother; HIV-
404-639-6129, Fax: 404-639-6127, Email: kld0@cdc.gov. inﬁ’“ed women COi”ﬁCt€d with opportunistic p. ath ogens Mig/] z

be more likely than women without HIV infection to transmit
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these infections to their infants. In addition, HIV-infected women or HIV-infected family members coinfected with certain oppor-
tunistic pathogens might be more likely to transmit these infections horizontally to their children, resulting in increased likelihood
of primary acquisition of such infections in the young child. Therefore, infections with opportunistic pathogens might affect not just
HIV-infected infants but also HIV-exposed but uninfected infants who become infected by the pathogen because of transmission from
HIV-infected mothers or family members with coinfections. These guidelines for treating Ols in children therefore consider treatment
of infections among all children, both HIV-infected and uninfected, born to HIV-infected women.

Additionally, HIV infection is increasingly seen among adolescents with perinatal infection now surviving into their teens and
among youth with behaviorally acquired HIV infection. Although guidelines for postpubertal adolescents can be found in the adult
Ol guidelines, drug pharmacokinetics and response to treatment may differ for younger prepubertal or pubertal adolescents. Therefore,
these guidelines also apply to treatment of HIV-infected youth who have not yet completed pubertal development.

Major changes in the guidelines include 1) greater emphasis on the importance of antiretroviral therapy for preventing and treat-
ing Ols, especially those Ols for which no specific therapy exists; 2) information about the diagnosis and management of immune
reconstitution inflammatory syndromes; 3) information about managing antiretroviral therapy in children with OIs, including
potential drug—drug interactions; 4) new guidance on diagnosing of HIV infection and presumptively excluding HIV infection
in infants that affect the need for initiation of prophylaxis to prevent Pneumocystis jirovecii pneumonia (PCP) in neonates;
5) updated immunization recommendations for HIV-exposed and HIV-infected children, including hepatitis A, human papillo-
mavirus, meningococcal, and rotavirus vaccines; 6) addition of sections on aspergillosis; bartonella; human herpes virus-6, -7, and
-8; malaria; and progressive multifocal leukodystrophy (PML); and 7) new recommendations on discontinuation of Ol prophylaxis
after immune reconstitution in children. The report includes six tables pertinent to preventing and treating Ols in children and
two figures describing immunization recommendations for children aged 0—6 years and 718 years.

Because treatment of Ols is an evolving science, and availability of new agents or clinical data on existing agents might
change therapeutic options and preferences, these recommendations will be periodically updated and will be available at

September 4, 2009

hitp://AIDSInfo.nib.gov.

Background

Opportunistic Infections
in HIV-Infected Children
in the Era of Potent
Antiretroviral Therapy

In the pre-antiretroviral era and before development of
potent combination highly active antiretroviral treatment
(HAART) regimens, opportunistic infections (Ols) were the
primary cause of death in human immunodeficiency virus
(HIV)-infected children (7). Current HAART regimens sup-
press viral replication, provide significant immune reconstitu-
tion, and have resulted in a substantial and dramatic decrease
in acquired immunodeficiency syndrome (AIDS)-related Ols
and deaths in both adults and children (2—4). In an observa-
tional study from pediatric clinical trial sites in the United
States, Pediatric AIDS Clinical Trials Group (PACTG) 219,
the incidence of the most common initial Ols in children
during the potent HAART era (study period 2000—2004) was
substantially lower than the incidence in children followed
at the same sites during the pre-HAART era (study period
1988-1998) (1,3). For example, the incidence for bacterial
pneumonia decreased from 11.1 per 100 child-years during
the pre-HAART era to 2.2 during the HAART era; bacteremia

from 3.3 to 0.4 per 100 child-years; herpes zoster from 2.9 to
1.1 per 100 child-years; disseminated Mycobacterium avium
complex (MAC) from 1.8 to 0.14 per 100 child-years; and
Pneumocystis jirovecii pneumonia (PCP) from 1.3 to 0.09 per
100 child-years.

Despite this progress, prevention and management of Ols
remain critical components of care for HIV-infected children.
Ols continue to be the presenting symptom of HIV infection
among children whose HIV-exposure status is not known (e.g.,
because of lack of maternal antenatal HIV testing). For children
with known HIV infection, barriers such as parental substance
abuse may limit links to appropriate care where indications
for prophylaxis would be evaluated. HIV-infected children
eligible for primary or secondary OI prophylaxis might fail to
be treated because they are receiving suboptimal medical care.
Additionally, adherence to multiple drugs (antiretroviral drugs
and concomitant Ol prophylactic drugs) may prove difficult
for the child or family. Multiple drug-drug interactions of O],
antiretroviral, and other drugs resulting in increased adverse
events and decreased treatment efficacy may limit the choice
and continuation of both HAART and prophylactic regimens.
Ols continue to occur in children in whom drug resistance
causes virologic and immunologic failure. In PACTG 219, lack
of a sustained response to HAART predicted Ols in children
(5). Finally, immune reconstitution inflammatory syndrome
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(IRIS), initially described in HIV-infected adults but also seen
in HIV-infected children, can complicate treatment of Ols
when HAART is started or when optimization of a failing regi-
men is attempted in a patient with acute OI. Thus, preventing
and treating Ols in HIV-infected children remains important
even in an era of potent HAART.

History of the Guidelines

In 1995, the U.S. Public Health Service and the Infectious
Diseases Society of America (IDSA) developed guidelines
for preventing Ols among adults, adolescents, and children
infected with HIV (6). These guidelines, developed for health-
care providers and their HIV-infected patients, were revised in
1997, 1999, and 2002 (7,8). In 2001, the National Institutes
of Health, IDSA, and CDC convened a working group to
develop guidelines for treating HIV-associated Ols, with a
goal of providing evidence-based guidelines on treatment
and prophylaxis. In recognition of unique considerations for
HIV-infected infants, children, and adolescents—including
differences between adults and children in mode of acquisi-
tion, natural history, diagnosis, and treatment of HIV-related
Ols—a separate pediatric Ol guidelines writing group was
established. The pediatric OI treatment guidelines were initially
published in December 2004 (9).

The current document combines recommendations for pre-
venting and treating Ols in HIV-exposed and HIV-infected
children into one document; it accompanies a similar docu-
ment on preventing and treating Ols among HIV-infected
adults prepared by a separate group of adult HIV and infectious
disease specialists. Both sets of guidelines were prepared by the
Opportunistic Infections Working Group under the auspices of
the Office of AIDS Research (OAR) of the National Institutes
of Health. Pediatric specialists with expertise in specific Ols
reviewed the literature since the last publication of the preven-
tion and treatment guidelines, conferred over several months,
and produced draft guidelines. The Pediatric OI Working
Group reviewed and discussed recommendations at a meet-
ing in Bethesda, Maryland, on June 25-26, 2007. After the
meeting, the document was revised, then reviewed and elec-
tronically approved by the writing group members. The final
report was further reviewed by the core Writing Group, the
Office of AIDS Research, experts at CDC, the HIV Medicine
Association of IDSA, the Pediatric Infectious Diseases Society,
and the American Academy of Pediatrics before final approval
and publication.

Why Pediatric Prevention
and Treatment Guidelines?

Mother-to-child transmission is an important mode of acqui-
sition of OlIs and HIV infection in children. HIV-infected
women coinfected with opportunistic pathogens might be
more likely than women without HIV infection to transmit
these infections to their infants. For example, greater rates
of perinatal transmission of hepatitis C and cytomegalovirus
(CMV) have been reported from HIV-infected than HIV-
uninfected women (10, 11). In addition, HIV-infected women
or HIV-infected family members coinfected with certain
opportunistic pathogens might be more likely to transmit
these infections horizontally to their children, increasing the
likelihood of primary acquisition of such infections in the
young child. For example, Mycobacterium tuberculosis infection
among children primarily reflects acquisition from family mem-
bers who have active tuberculosis (TB) disease, and increased
incidence and prevalence of TB among HIV-infected persons
is well documented. HIV-exposed or -infected children in
the United States might have a higher risk for exposure to
M. tuberculosis than would comparably aged children in the
general U.S. population because of residence in households
with HIV-infected adults (12). Therefore, OIs might affect
not only HIV-infected infants but also HIV-exposed but
uninfected infants who become infected with opportunistic
pathogens because of transmission from HIV-infected mothers
or family members with coinfections. Guidelines for treating
Ols in children must consider treatment of infections among
all children—both HIV-infected and HIV-uninfected—born
to HIV-infected women.

The natural history of Ols among children might differ
from that among HIV-infected adults. Many Ols in adults are
secondary to reactivation of opportunistic pathogens, which
often were acquired before HIV infection when host immunity
was intact. However, Ols among HIV-infected children more
often reflect primary infection with the pathogen. In addition,
among children with perinatal HIV infection, the primary
infection with the opportunistic pathogen occurs after HIV
infection is established and the child’s immune system already
might be compromised. This can lead to different manifesta-
tions of specific Ols in children than in adults. For example,
young children with TB are more likely than adults to have
nonpulmonic and disseminated infection, even without con-
current HIV infection.

Multiple difficulties exist in making laboratory diagnoses of
various infections in children. A child’s inability to describe the
symptoms of disease often makes diagnosis more difficult. For
infections for which diagnosis is made by laboratory detection
of specific antibodies (e.g., the hepatitis viruses and CMV),
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transplacental transfer of maternal antibodies that can persist
in the infant for up to 18 months complicates the ability to
make a diagnosis in young infants. Assays capable of directly
detecting the pathogen are required to diagnose such infections
definitively in infants. In addition, diagnosing the etiology of
lung infections in children can be difficult because children
usually do not produce sputum, and more invasive procedures,
such as bronchoscopy or lung biopsy, might be needed to make
a more definitive diagnosis.

Data related to the efficacy of various therapies for Ols in
adults usually can be extrapolated to children, but issues related
to drug pharmacokinetics, formulation, ease of administration,
and dosing and toxicity require special considerations for chil-
dren. Young children in particular metabolize drugs differently
from adults and older children, and the volume of distribution
differs. Unfortunately, data often are lacking on appropriate
drug dosing recommendations for children aged <2 years.

The prevalence of different opportunistic pathogens among
HIV-infected children during the pre-HAART era varied by
child age, previous OI, immunologic status, and pathogen (7).
During the pre-HAART era, the most common Ols among
children in the United States (event rates >1.0 per 100 child-
years) were serious bacterial infections (most commonly pneu-
monia, often presumptively diagnosed, and bacteremia), herpes
zoster, disseminated MAC, PCP, and candidiasis (esophageal
and tracheobronchial disease). Less commonly observed Ols
(event rate <1.0 per 100 child-years) included CMV disease,
cryptosporidiosis, TB, systemic fungal infections, and toxoplas-
mosis (3,4). History of a previous AIDS-defining OI predicted
development of a new infection. Although most infections
occurred among substantially immunocompromised children,
serious bacterial infections, herpes zoster, and TB occurred
across the spectrum of immune status.

Descriptions of pediatric Ols in children receiving HAART
have been limited. As with HIV-infected adults, substantial
decreases in mortality and morbidity, including Ols, have been
observed among children receiving HAART (2). Although the
number of OIs has substantially decreased during the HAART
era, HIV-associated OIs and other related infections continue
to occur among HIV-infected children (3,13).

In contrast to recurrent serious bacterial infections, some of
the protozoan, fungal, or viral OIs complicating HIV are not
curable with available treatments. Sustained, effective HAART,
resulting in improved immune status, has been established
as the most important factor in controlling OlIs among both
HIV-infected adults and children (74). For many Ols, after
treatment of the initial infectious episode, secondary prophy-
laxis in the form of suppressive therapy is indicated to prevent
recurrent clinical disease from reactivation or reinfection (75).

These guidelines are a companion to the Guidelines for
Prevention and Treatment of Opportunistic Infections in HIV-
Infected Adults and Adolescents (16). Treatment of Ols is an
evolving science, and availability of new agents or clinical
data on existing agents might change therapeutic options and
preferences. As a result, these recommendations will need to
be periodically updated.

Because the guidelines target HIV-exposed and -infected
children in the United States, the opportunistic pathogens
discussed are those common to the United States and do not
include certain pathogens (e.g., Penicillium marneffei) that
might be seen more frequently in resource-limited countries
or that are common but seldom cause chronic infection (e.g.,
chronic parvovirus B19 infection). The document is organized
to provide information about the epidemiology, clinical pre-
sentation, diagnosis, and treatment for each pathogen. The
most critical treatment recommendation is accompanied by
a rating that includes a letter and a roman numeral and is
similar to the rating systems used in other U.S. Public Health
Service/Infectious Diseases Society of America guidelines (17).
Recommendations unrelated to treatment were not graded,
with some exceptions. The letter indicates the strength of
the recommendation, which is based on the opinion of the
Working Group, and the roman numeral reflects the nature
of the evidence supporting the recommendation (Box 1).
Because licensure of drugs for children often relies on efficacy
data from adult trials and safety data in children, recommenda-
tions sometimes may need to rely on data from clinical trials
or studies in adults.

Tables at the end of this document summarize recommenda-
tions for preventing Ols in children (Tables 1-3); treatment
of Ols in children (Table 4); drug preparation and toxicity
information for children (Table 5); drug-drug interactions
(Table 6), and vaccination recommendations for HIV-infected
children and adolescents (Figures 1 and 2).

Diagnosis of HIV Infection
and Presumptive Lack

of HIV Infection in Children
with Perinatal HIV Exposure

Because maternal antibody persists in children up to 18
months of age, virologic tests (usually HIV DNA or RNA
assays) are needed to determine infection status in children
aged <18 months. The CDC surveillance definition states a
child is considered definitively infected if he or she has posi-
tive virologic results on two separate specimens or is aged >18
months and has either a positive virologic test or a positive
confirmed HIV-antibody test.
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BOX 1. Rating scheme for prevention and treatment recommendations for HIV-exposed and HIV-infected infants and children —

United States

under consideration. Optional.

from uncontrolled experiments.

of expert committees.

Category Definition
Strength of the recommendation
A Strong evidence for efficacy and substantial clinical benefit both support recommendations for use.
Always should be offered.
B Moderate evidence for efficacy—or strong evidence for efficacy but only limited clinical benefit—support

recommendations for use. Generally should be offered.

C Evidence for efficacy is insuficient to support a recommendation for or against use, or evidence for efficacy
might not outweigh adverse consequences (e.g., drug toxicity, drug interactions) or cost of the treatment

D Moderate evidence for lack of efficacy or for adverse outcomes supports a recommendation against use.
Generally should not be offered.
E Good evidence for lack of efficacy or for adverse outcomes supports a recommendation against use.
Never should be offered.
Quality of evidence supporting the recommendation
I Evidence from at least one properly designed randomized, controlled trial.
II Evidence from at least one well-designed clinical trial without randomization, from cohort or case-controlled

studies (preferably from more than one center), or from multiple time-series studies; or dramatic results

111 Evidence from opinions of respected authorities based on clinical experience, descriptive studies, or reports

CDC has revised laboratory criteria to allow presumptive
exclusion of HIV infection at an earlier age for surveillance
(Box 2) (http://www.cdc.gov/mmwr/preview/mmwrhtml/
rr5710al.htm). A child who has not been breast-fed is pre-
sumed to be uninfected if he or she has no clinical or laboratory
evidence of HIV infection and has two negative virologic tests
both obtained at >2 weeks of age and one obtained at >4 weeks
of age and no positive viralogic tests; or one negative virologic
test at >8 weeks of age and no positive virologic tests; or one
negative HIV-antibody test at >6 months of age. Definitive
lack of infection is confirmed by two negative viral tests, both
of which were obtained at >1 month of age and one of which
was obtained at >4 months of age, or at least two negative HIV-
antibody tests from separate specimens obtained at >6 months
of age. The new presumptive definition of “uninfected” may
allow clinicians to avoid starting PCP prophylaxis in some
HIV-exposed infants at age 6 weeks (see PCP section).

Antiretroviral Therapy
and Management
of Opportunistic Infections

Studies in adults and children have demonstrated that
HAART reduces the incidence of Ols and improves sur-
vival, independent of the use of OI antimicrobial prophy-
laxis. HAART can improve or resolve certain Ols, such as

cryptosporidiosis or microsporidiosis infection, for which
effective specific treatments are not available. However, potent
HAART does not replace the need for OI prophylaxis in chil-
dren with severe immune suppression. Additionally, initiation
of HAART in persons with an acute or latent OI can lead to
IRIS, an exaggerated inflammatory reaction that can clinically
worsen disease and require use of anti-inflammatory drugs (see
IRIS section below).

Specific data are limited to guide recommendations for when
to start HAART in children with an acute OI and how to
manage HAART when an acute OI occurs in a child already
receiving HAART. The decision of when to start HAART in
a child with an acute or latent OI needs to be individualized
and will vary by the degree of immunologic suppression in
the child before he or she starts HAART. Similarly, in a child
already receiving HAART who develops an OI, management
will need to account for the child’s clinical, viral, and immune
status on HAART and the potential drug-drug interactions
between HAART and the required OI drug regimen.

Immune Reconstitution Inflammatory
Syndrome

As in adults, antiretroviral therapy improves immune func-
tion and CD4 cell count in HIV-infected children; within
the first few months after starting treatment, HIV viral load
sharply decreases and the CD4 count rapidly increases. This
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BOX 2. Diagnosis of HIV infection and presumptive lack of HIV
infection in children with known exposure to perinatal HIV

Definitive infection:
* Positive virologic results on two separate specimens
at any age
OR
* Age >18 months and either a positive virologic test
or a positive confirmed HIV-antibody test

Presumptive exclusion of infection in nonbreastfed
infant:
* No clinical or laboratory evidence of HIV infection
AND
* Two negative virologic tests, both obtained
at >2 weeks of age and one obtained at >4 weeks of
age and no positive virologic tests
OR
* One negative virologic test at >8 weeks of age and
no positive virologic test
OR
* One negative HIV antibody test at >6 months of age

Definitive exclusion of infection in nonbreastfed infant:
* No clinical or laboratory evidence of HIV infection
AND
* Two negative virologic tests, both obtained
at >1 month of age and one obtained at >4 months
of age and no positive virologic tests
OR
* Two or more negative HIV antibody tests
at >6 months of age

results in increased capacity to mount inflammatory reactions.
After initiation of HAART, some patients develop a paradoxical
inflammatory response by their reconstituted immune system
to infectious or noninfectious antigens, resulting in apparent
clinical worsening. This is referred to as IRIS, and although
primarily reported in adults initiating therapy, it also has been
reported in children (/8-28).

IRIS can occur after initiation of HAART because of wors-
ening of an existing active, latent, or occult OI, where infec-
tious pathogens previously not recognized by the immune
system now evoke an immune response. This inflammatory
response often is exaggerated in comparison with the response
in patients who have normal immune systems (referred to by
some experts as immune reconstitution disease). An example is
activation of latent or occult TB after initiation of antiretroviral
therapy (referred to by some experts as “unmasking IRIS”).
Alternatively, clinical recrudescence of a successfully treated
infection can occur, with paradoxical, symptomatic relapse

despite microbiologic treatment success and sterile cultures
(referred to as “paradoxical IRIS”). In this case, reconstitution
of antigen-specific T-cell-mediated immunity occurs with
activation of the immune system after initiation of HAART
against persisting antigens, whether present as dead, intact
organisms or as debris.

The pathologic process of IRIS is inflammatory and not
microbiologic in etiology. Thus, distinguishing IRIS from
treatment failure, antimicrobial resistance, or noncompliance
is important. In therapeutic failure, a microbiologic culture
should reveal the continued presence of an infectious organism,
whereas in paradoxical IRIS, follow-up cultures are most often
sterile. However, with “unmasking” IRIS, viable pathogens
may be isolated.

IRIS is described primarily on the basis of reports of cases in
adults. A proposed clinical definition is worsening symptoms
of inflammation or infection temporally related to starting
HAART that are not explained by newly acquired infection
or disease, the usual course of a previously acquired disease, or
HAART toxicity in a patient with >1 log; decrease in plasma
HIV RNA (29).

The timing of IRIS after initiation of HAART in adults has
varied, with most cases occurring during the first 2-3 months
after initiation; however, as many as 30% of IRIS cases can
present beyond the first 3 months of treatment. Later-onset
IRIS may result from an immune reaction against persistent
noninfectious antigen. The onset of antigen clearance varies,
but antigen or antigen debris might persist long after micro-
biologic sterility. For example, after pneumococcal bacteremia,
the C-polysaccharide antigen can be identified in the urine of
40% of HIV-infected adults 1 month after successful treat-
ment; similarly, mycobacterial DNA can persist several months
past culture viability.

In adults, IRIS most frequently has been observed after
initiation of therapy in persons with mycobacterial infections
(including MAC and M. tuberculosis), PCP, cryptococcal
infection, CMYV, varicella zoster or herpes virus infections,
hepatitis B and C infections, toxoplasmosis, and progres-
sive multifocal leukoencephalopathy (PML). Reactions also
have been described in children who had received bacille
Calmette-Guérin (BCQG) vaccine and later initiated HAART
(22,25,26,28). In a study of 153 symptomatic children with
CD4 <15% at initiation of therapy in Thailand, the incidence
of IRIS was 19%, with a median time of onset of 4 weeks after
start of HAART; children who developed IRIS had lower base-
line CD4 percentage than did children who did not develop
IRIS (24).

No randomized controlled trials have been published evalu-
ating treatment of IRIS. Treatment has been based on severity
of disease (CIII). For mild cases, observation alone with close
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clinical and laboratory monitoring may be sufficient. For mod-
erate cases, nonsteroidal anti-inflammatory drugs have been
used to ameliorate symptoms. For severe cases, corticosteroids,
such as dexamethasone, have been used. However, the optimal
dosing and duration of therapy are unknown, and inflamma-
tion can take weeks to months to subside. During this time,

HAART should be continued.

Initiation of HAART for an Acute OI
in Treatment-Naive Children

The ideal time to initiate HAART for an acute OI is
unknown. The benefit of initiating HAART is improved
immune function, which could result in faster resolution of
the OI. This is particularly important for Ols for which effec-
tive therapeutic options are limited or not available, such as
for cryptosporidiosis, microsporidiosis, PML, and Kaposi sar-
coma (KS). However, potential problems exist when HAART
and treatment for the OI are initiated simultaneously. These
include drug-drug interactions between the antiretroviral and
antimicrobial drugs, particularly given the limited repertoire
of antiretroviral drugs available for children than for adults;
issues related to toxicity, including potential additive toxicity
of antiretroviral and OI drugs and difficulty in distinguishing
HAART toxicity from OI treatment toxicity; and the potential
for IRIS to complicate Ol management.

The primary consideration in delaying HAART until after
initial treatment of the acute Ol is risk for death during the
delay. Although the short-term risk for death in the United
States during a 2-month HAART delay may be relatively low,
mortality in resource-limited countries is significant. IRIS is
more likely to occur in persons with advanced HIV infection
and higher Ol-specific antigenic burdens, such as those who
have disseminated infections or a shorter time from an acute
OI onset to start of HAART. However, in the absence of an
OI with central nervous system (CNS) involvement, such as
cryptococcal meningitis, most IRIS events, while potentially
resulting in significant morbidity, do not result in death.
With CNS IRIS or in resource-limited countries, significant
IRIS-related death may occur with simultaneous initiation of
HAART and OI treatment; however, significant mortality also
occurs in the absence of HAART.

Because no randomized trials exist in either adults or children
to address the optimal time for starting HAART when an acute
Ol is present, decisions need to be individualized for each
child. The timing is a complex decision based on the severity
of HIV disease, efficacy of standard Ol-specific treatment,
social support system, medical resource availability, potential
drug-drug interactions, and risk for IRIS. Most experts believe
that for children who have Ols that lack effective treatment
(e.g., cryptosporidiosis, microsporidiosis, PML, KS), the early

benefit of potent HAART outweighs any increased risk, and
potent HAART should begin as soon as possible (AIII). For
other Ols, such as TB, MAC, PCP, and cryptococcal menin-
gitis, awaiting a response to therapy may be warranted before

initiating HAART (CIII).

Management of Acute Ols in HIV-Infected
Children Receiving HAART

Ols in HIV-infected children soon after initiation of HAART
(within 12 weeks) may be subclinical infections unmasked
by HAART-related improvement in immune function, also
known as “unmasking IRIS” and occurring usually in chil-
dren who have more severe immune suppression at initiation
of HAART. This does not represent a failure of HAART but
rather a sign of immune reconstitution (see IRIS section). In
such situations, HAART should be continued and treatment
for the OI initiated (AIII). Assessing the potential for drug-
drug interactions between the antiretroviral and antimicrobial
drugs and whether treatment modifications need to be made
is important.

In children who develop an OI after receiving >12 weeks of
HAART with virologic and immunologic response to therapy,
it can be difficult to distinguish between later-onset IRIS
(such as a “paradoxical IRIS” reaction where the reconstituted
immune system demonstrates an inflammatory reaction to a
noninfectious antigen) and incomplete immune reconstitu-
tion with HAART allowing occurrence of a new OI. In such
situations, HAART should be continued, and if microbiologic
evaluation demonstrates organisms by stain or culture, specific
Ol-related therapy should be initiated (AII).

Ols also can occur in HIV-infected children experiencing
virologic and immunologic failure on HAART and represent
clinical failure of therapy. In this situation, treatment of the OI
should be initiated, viral resistance testing performed, and the
child’s HAART regimen reassessed, as described in pediatric
antiretroviral guidelines (74).

Preventing Vaccine-Preventable
Diseases in HIV-Infected Children
and Adolescents

Vaccines are an extremely effective primary prevention tool,
and vaccines that protect against 16 diseases are recommended
for routine use in children and adolescents in the United States.
Vaccination schedules for children aged 06 years and 7-18
years are published annually (http://www.cdc.gov/vaccines/
recs/schedules/default.htm). These schedules are compiled
from approved vaccine-specific policy recommendations and
are standardized among the major vaccine policy-setting and
vaccine-delivery organizations (e.g., Advisory Committee
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on Immunization Practices [ACIP], American Academy of
Pediatrics, American Association of Family Physicians).

HIV-infected children should be protected from vaccine-
preventable diseases. Most vaccines recommended for routine
use can be administered safely to HIV-exposed or HIV-infected
children. The recommended vaccination schedules for 2009 for
HIV-exposed and HIV-infected children aged 0—6 years and
7-18 years were approved by the ACIP through October 2008
(Figures 1 and 2). These schedules will be updated periodically
to reflect additional ACIP-approved vaccine recommendations
that pertain to HIV-exposed or HIV-infected children.

All inactivated vaccines can be administered safely to per-
sons with altered immunocompetence whether the vaccine is
a killed whole organism or a recombinant, subunit, toxoid,
polysaccharide, or polysaccharide protein-conjugate vaccine.
If inactivated vaccines are indicated for persons with altered
immunocompetence, the usual doses and schedules are recom-
mended. However, the effectiveness of such vaccinations might
be suboptimal (30).

Persons with severe cell-mediated immune deficiency should
not receive live attenuated vaccines. However, children with
HIV infection are at higher risk than immunocompetent chil-
dren for complications of varicella, herpes zoster, and measles.
On the basis of limited safety, immunogenicity, and efficacy
data among HIV-infected children, varicella and measles-
mumps-rubella vaccines can be considered for HIV-infected
children who are not severely immunosuppressed (i.e., those
with age-specific CD4 cell percentages of >15%) (30-32).
Practitioners should consider the potential risks and benefits
of administering rotavirus vaccine to infants with known or
suspected altered immunocompetence; consultation with an
immunologist or infectious diseases specialist is advised. There
are no safety or efficacy data related to the administration of
rotavirus vaccine to infants who are potentially immuno-
compromised, including those who are HIV-infected (33).
However, two considerations support vaccination of HIV-
exposed or -infected infants: first, the HIV diagnosis may not
be established in infants born to HIV-infected mothers before
the age of the first rotavirus vaccine dose (only 1.5%-3.0% of
HIV-exposed infants in the United States will be determined
to be HIV-infected); and second, vaccine strains of rotavirus
are considerably attenuated.

Consult the specific ACIP statements (available at heep://
www.cdc.gov/vaccines/pubs/ACIP-list.htm) for more detail
regarding recommendations, precautions, and contraindica-
tions for use of specific vaccines (http://www.cdc.gov/mmwr/
PDF/rr/rr4608.pdf and htep://www.cdc.gov/mmwr/pdf/rr/
r5602.pdf) (371-44).

Bacterial Infections

Bacterial Infections,
Serious and Recurrent

Epidemiology

During the pre-HAART era, serious bacterial infections were
the most commonly diagnosed OIs in HIV-infected children,
with an event rate of 15 per 100 child-years (7). Pneumonia was
the most common bacterial infection (11 per 100 child-years),
followed by bacteremia (3 per 100 child-years), and urinary
tract infection (2 per 100 child-years). Other serious bacterial
infections, including osteomyelitis, meningitis, abscess, and
septic arthritis, occurred at rates <0.2 per 100 child-years. More
minor bacterial infections such as otitis media and sinusitis
were particularly common (17-85 per 100 child-years) in
untreated HIV-infected children (45).

With the advent of HAART, the rate of pneumonia has
decreased to 2.2-3.1 per 100 child-years (3,46), similar to the
rate of 3—4 per 100 child-years in HIV-uninfected children
(47,48). The rate of bacteremia/sepsis during the HAART era
also has decreased dramatically to 0.35-0.37 per 100 child-
years (3,4,46), but this rate remains substantially higher than
the rate of <0.01 per 100 child-years in HIV-uninfected chil-
dren (49,50). Sinusitis and otitis rates among HAART-treated
children are substantially lower (2.9-3.5 per 100 child-years)
but remain higher than rates in children who do not have HIV
infection (46).

Acute pneumonia, often presumptively diagnosed in
children, was associated with increased risk for long-term
mortality among HIV-infected children in one study dur-
ing the pre-HAART era (57). HIV-infected children with
pneumonia are more likely to be bacteremic and to die than
are HIV-uninfected children with pneumonia (52). Chronic
lung disease might predispose persons to development of acute
pneumonia; in one study, the incidence of acute lower respi-
ratory tract infection in HIV-infected children with chronic
lymphoid interstitial pneumonitis was approximately 10-fold
higher than in a community-based study of HIV-uninfected
children (53). Chronically abnormal airways probably are
more susceptible to infectious exacerbations (similar to those
in children and adults with bronchiectasis or cystic fibrosis)
caused by typical respiratory bacteria (Streptococcus pneumoniae,
nontypeable Haemophilus influenzae) and Pseudomonas spp.

S. pneumoniae was the most prominent invasive bacterial
pathogen in HIV-infected children both in the United States
and worldwide, accounting for >50% of bacterial bloodstream
infections in HIV-infected children (1,4,54—57). HIV-infected
children have a markedly higher risk for pneumococcal infec-
tion than do HIV-uninfected children (58,59). In the absence
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of HAART, the incidence of invasive pneumococcal disease
was 0.1 per 100 child-years among HIV-infected children
through age 7 years (60), whereas among children treated with
HAART, the rate of invasive pneumococcal disease decreased
by about half, to 3.3 per 100 child-years (46). This is consis-
tent with the halving of invasive pneumococcal disease rates
in HIV-infected adults receiving HAART compared with
rates in those not receiving HAART (61). Among children
with invasive pneumococcal infections, study results vary on
whether penicillin-resistant pneumococcal strains are more
commonly isolated from HIV-infected than HIV-uninfected
persons (56,60,62—64). Reports among children without HIV
infection have not demonstrated a difference in the case-fatality
rate between those with penicillin-susceptible and those with
nonsusceptible pneumococcal infections (case-fatality rate was
associated with severity of disease and underlying illness) (65).
Invasive disease caused by penicillin-nonsusceptible pneumo-
coccus was associated with longer fever and hospitalization but
not with greater risk for complications or poorer outcome in
a study of HIV-uninfected children (66). Since routine use of
seven-valent pneumococcal conjugate vaccine (PCV) in 2000,
the overall incidence of drug-resistant pneumococcal infections
has stabilized or decreased.

H. influenzae type b (Hib) also has been reported to have
been more common in HIV-infected children before the avail-
ability of Hib vaccine. In a study in South African children
who had not received Hib conjugate vaccine, the estimated
relative annual rate of overall invasive Hib disease in children
aged <1 year was 5.9 times greater among HIV-infected than
HIV-uninfected children, and HIV-infected children were at
greater risk for bacteremic pneumonia (67). However, Hib is
unlikely to occur in HIV-infected children in most U.S. com-
munities, where high rates of Hib vaccination result in very low
rates of Hib nasopharyngeal colonization among contacts.

HIV-related immune dysfunction may increase the risk for
invasive meningococcal disease in HIV-infected patients, but
few cases have been reported (68—72). In a population-based
study of invasive meningococcal disease in Atlanta, Georgia
(72), as expected, the annual rate of disease was higher for
18- to 24-year-olds (1.17 per 100,000) than for all adults (0.5
per 100,000), but the estimated annual rate for HIV-infected
adults was substantially higher (11.2 per 100,000). Risk for
invasive meningococcal disease may be higher in HIV-infected
adults. Specific data are not available on risk for meningococcal
disease in younger HIV-infected children.

Although the frequency of gram-negative bacteremia is lower
than that of gram-positive bacteremia among HIV-infected
children, gram-negative bacteremia is more common among
children with advanced HIV disease or immunosuppression
and among children with central venous catheters. However,

in children aged <5 years, gram-negative bacteremia also was
observed among children with milder levels of immune sup-
pression. In a study of 680 HIV-infected children in Miami,
Florida, through 1997, a total of 72 (10.6%) had 95 episodes of
gram-negative bacteremia; the predominant organisms identi-
fied in those with gram-negative bacteremia were P aeruginosa
(26%), nontyphoidal Salmonella (15%), Escherichia coli (15%),
and H. influenzae (13%) (73). The relative frequency of the
organisms varied over time, with the relative frequency of
P aeruginosa bacteremia increasing from 13% before 1984 to
56% during 1995-1997, and of Salmonella from 7% before
1984 to 22% during 1995-1997. However, H. influenzae was
not observed after 1990 (presumably decreasing after incorpo-
ration of Hib vaccine into routine childhood vaccinations). The
overall case-fatality rate for children with gram-negative bac-
teremia was 43%. Among Kenyan children with bacteremia,
HIV infection increased the risk for nontyphoidal Sa/monella
and E. coli infections (74).

The presence of a central venous catheter increases the risk for
bacterial infections in HIV-infected children, and the incidence
is similar to that for children with cancer. The most commonly
isolated pathogens in catheter-associated bacteremia in HIV-
infected children are similar to those in HIV-negative children
with indwelling catheters, including coagulase-negative staphy-
lococci, S. aureus, enterococci, P aeruginosa, gram-negative
enteric bacilli, Bacillus cereus, and Candida spp. (57,75).

Data conflict about whether infectious morbidity increases
in children who have been exposed to but not infected with
HIV. In studies in developing countries, uninfected infants of
HIV-infected mothers had higher mortality (primarily because
of bacterial pneumonia and sepsis) than did those born to
uninfected mothers (76,77). Advanced maternal HIV infection
was associated with increased risk for infant death (76,77). In a
study in Latin America and the Caribbean, 60% of 462 unin-
fected infants of HIV-infected mothers experienced infectious
disease morbidity during the first 6 months of life, with the
rate of neonatal infections (particularly sepsis) and respiratory
infections higher than rates in comparable community-based
studies (78). Among other factors, infections in uninfected
infants were associated with more advanced maternal HIV
disease and maternal smoking during pregnancy. However,
in a study from the United States, the rate of lower respira-
tory tract infections in HIV-exposed, uninfected children was
within the range reported for healthy children during the first
year of life (79). In a separate study, the rate of overall morbid-
ity (including but not specific to infections) decreased from
1990 through 1999 in HIV-exposed, uninfected children (80),
although rates were not compared with an HIV-unexposed or
community-based cohort.
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Clinical Manifestations

Clinical presentation depends on the particular type of
bacterial infection (e.g., bacteremia/sepsis, osteomyelitis/septic
arthritis, pneumonia, meningitis, and sinusitis/otitis media)
(81). HIV-infected children with invasive bacterial infections
typically have a clinical presentation similar to children without
HIV infection, with acute presentation and fever (59,60,82).
HIV-infected children might be less likely than children with-
out HIV infection to have leukocytosis (60).

The classical signs, symptoms, and laboratory test abnor-
malities that usually indicate invasive bacterial infection
(e.g., fever and elevated white blood cell count) are usually
present but might be lacking among HIV-infected children
who have reduced immune competence (59,81). One-third
of HIV-infected children not receiving HAART who have
acute pneumonia have recurrent episodes (57). Resulting lung
damage before initiation of HAART can lead to continued
recurrent pulmonary infections, even in the presence of effec-
tive HAART.

In studies in Malawian and South African children with acute
bacterial meningitis, the clinical presentations of children with
and without HIV infection were similar (83,84). However,
in the Malawi study, HIV-infected children were 6.4-fold
more likely to have repeated episodes of meningitis than were
children without HIV infection, although the study did not
differentiate recrudescence from new infections (83). In both
studies, HIV-infected children were more likely to die from
meningitis than were children without HIV infection.
Diagnosis

Attempted isolation of a pathogenic organism from normally
sterile sites (e.g., blood, cerebrospinal fluid [CSF], and pleural
fluid) is strongly recommended. This is particularly important
because of an increasing incidence of antimicrobial resistance,
including penicillin-resistant S. pneumoniae and community-
acquired methicillin-resistant S. aureus (MRSA).

Because of difficulties obtaining appropriate specimens
(e.g., sputum) from young children, bacterial pneumonia
is most often a presumptive diagnosis in a child with fever,
pulmonary symptoms, and an abnormal chest radiograph
unless an accompanying bacteremia exists. In the absence of
a laboratory isolate, differentiating viral from bacterial pneu-
monia using clinical criteria can be difficult (85). In a study of
intravenous immune globulin (IVIG) prophylaxis of bacterial
infections, only a bacterial pathogen was identified in 12% of
acute presumed bacterial pneumonia episodes (57). TB and
PCP must always be considered in HIV-infected children
with pneumonia. Presence of wheezing makes acute bacterial
pneumonia less likely than other causes, such as viral patho-
gens, asthma exacerbation, “atypical” bacterial pathogens such

as Mycoplasma pneumoniae, or aspiration. Sputum induction
obtained by nebulization with hypertonic (5%) saline was
evaluated for diagnosis of pneumonia in 210 South African
infants and children (median age: 6 months), 66% of whom
had HIV infection (86). The procedure was well-tolerated,
and identified an etiology in 63% of children with pneumonia
(identification of bacteria in 101, M. tuberculosis in 19, and
PCP in 12 children). Blood and, if present, fluid from pleural
effusion should be cultured.

Among children with bacteremia, a source for the bacteremia
should be sought. In addition to routine chest radiographs,
other diagnostic radiologic evaluations (e.g., abdomen,
ultrasound studies) might be necessary among HIV-infected
children with compromised immune systems to identify less
apparent foci of infection (e.g., bronchiectasis, internal organ
abscesses) (87-89). Among children with central venous cath-
eters, both a peripheral and catheter blood culture should be
obtained; if the catheter is removed, the catheter tip should be
sent for culture. Assays for detection of bacterial antigens or
evidence by molecular biology techniques are important for
the diagnostic evaluation of HIV-infected children in whom
unusual pathogens might be involved or difficult to identify
or culture by standard techniques. For example, Bordetella
pertussis and Chlamydia pneumoniae can be identified by a
polymerase chain reaction (PCR) assay of nasopharyngeal
secretions (85).

Prevention Recommendations

Preventing Exposure

Because S. pneumoniae and H. influenzae are common in
the community, no effective way exists to eliminate exposure
to these bacteria. However, routine use of conjugated seven-
valent PCV and Hib vaccine in U.S. infants and young children
has dramatically reduced vaccine type invasive disease and
nasopharyngeal colonization, conferring herd protection of
HIV-infected contacts because of decreased exposure to Hib
and pneumoccal serotypes included in the vaccine.

Food. To reduce the risk for exposure to potential gastroin-
testinal (GI) bacterial pathogens, health-care providers should
advise that HIV-infected children avoid eating the following
raw or undercooked foods (including other foods that
contain them): eggs, poultry, meat, seafood (especially raw
shellfish), and raw seed sprouts. Unpasteurized dairy products
and unpasteurized fruit juices also should be avoided. Of
particular concern to HIV-infected infants and children is the
potential for caretakers to handle these raw foods (e.