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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

Descargado de http://infosida.nih.gov/guidelines el dia 3/3/2013



http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5710a1.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5710a1.htm

6 MMWR

September 4, 2009

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.g., during
meal preparation) and then unknowingly transfer bacteria from
their hands to the child’s food, milk or formula or directly to
the child. Hands, cutting boards, counters, and knives and
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other utensils should be washed thoroughly after contact with
uncooked foods. Produce should be washed thoroughly before
being eaten.

Pets. When obtaining a new pet, caregivers should avoid
dogs or cats aged <6 months or stray animals. HIV-infected
children and adults should avoid contact with any animals that
have diarrhea and should wash their hands after handling pets,
including before eating, and avoid contact with pets’ feces.
HIV-infected children should avoid contact with reptiles
(e.g., snakes, lizards, iguanas, and turtles) and with chicks and
ducklings because of the risk for salmonellosis.

Travel. The risk for foodborne and waterborne infections
among immunosuppressed, HIV-infected persons is magnified
during travel to economically developing countries. HIV-infected
children who travel to such countries should avoid foods and
beverages that might be contaminated, including raw fruits and
vegetables, raw or undercooked seafood or meat, tap water,
ice made with tap water, unpasteurized milk and dairy products,
and items sold by street vendors. Foods and beverages that are
usually safe include steaming hot foods, fruits that are peeled by
the traveler, bottled (including carbonated) beverages, and water
brought to a rolling boil for 1 minute. Treatment of water with
iodine or chlorine might not be as effective as boiling and will
not eliminate Cryptosporidia but can be used when boiling is
not practical.

Preventing First Episode of Disease

HIV-infected children aged <5 years should receive the
Hib conjugate vaccine (AII) (Figure 1). Clinicians and other
health-care providers should consider use of Hib vaccine among
HIV-infected children >5 years old who have not previously
received Hib vaccine (AIII) (30,34). For these older children,
the American Academy of Pediatrics recommends two doses of
any conjugate Hib vaccine, administered at least 1-2 months
apart (AIII) (90).

HIV-infected children aged 2—59 months should receive the
seven-valent PCV (AII). A four-dose series of PCV is recom-
mended for routine administration to infants at ages 2, 4, 6,
and 12—15 months; two or three doses are recommended for
previously unvaccinated infants and children aged 7-23 months
depending on age at first vaccination (36). Incompletely vac-
cinated children aged 24—59 months should receive two doses
of PCV >8 weeks apart. Children who previously received
three PCV doses need only one additional dose. Additionally,
children aged >2 years should receive the 23-valent pneu-
mococcal polysaccharide vaccine (PPSV) (>2 months after
their last PCV dose), with a single revaccination with PPSV
5 years later (CIII) (36) (see http://www.cdc.gov/vaccines/recs/
provisional/downloads/pneumo-Oct-2008-508.pdf for the
most updated recommendations). Data are limited regarding

efficacy of PCV for children aged >5 years and for adults who
are at high risk for pneumococcal infection. Administering
PCV to older children with high-risk conditions (including
HIV-infected children) is not contraindicated. (Figures 1
and 2). One study reported that five-valent PCV is immu-
nogenic among HIV-infected children aged 2-9 years (91). A
multicenter study of pneumococcal vaccination in a group of
HIV-infected children not administered PCV during infancy
demonstrated the safety and immunogenicity of two doses of
PCV followed by one dose of PPSV for HAART-treated HIV-
infected children aged 2-19 years (including some who had
previously received PPSV) (92). In a placebo-controlled trial
of a nine-valent PCV among South African children, although
vaccine efficacy was somewhat lower among children with than
without HIV infection (65% versus 85%, respectively), the
incidence of invasive pneumococcal disease was substantially
lower among HIV-infected vaccine recipients (63).

HIV-infected children probably are at increased risk for
meningococcal disease, although not to the extent they are
for invasive S. prneumoniae infection. Although the efficacy of
conjugated meningococcal vaccine (MCV) and meningococcal
polysaccharide vaccine (MPSV) among HIV-infected patients
is unknown, HIV infection is not a contraindication to receiv-
ing these vaccines (30). MCV is currently recommended for
all children at age 11 or 12 years or at age 13—18 years if not
previously vaccinated and for previously unvaccinated college
freshmen living in a dormitory (44). A multicenter safety
and immunogenicity trial of MCV in HIV-infected 11- to
24-year-olds is under way. In addition, children at high risk
for meningococcal disease because of other conditions (e.g.,
terminal complement deficiencies, anatomic or functional
asplenia) should receive MCV if aged 2—10 years (BIII) (41).
Although the efficacy of MCV among HIV-infected children is
unknown, because patients with HIV probably are at increased
risk for meningococcal disease, HIV-infected children who
do not fit into the above groups may elect to be vaccinated.
Revaccination with MCV is indicated for children who had
been vaccinated >5 years previously with MPSV (CIII).

Because influenza increases the risk for secondary bacterial respi-
ratory infections (93), following guidelines for annual influenza
vaccination for influenza prevention can be expected to reduce
the risk for serious bacterial infections in HIV-infected children
(BIII) (Figures 1 and 2) (35).

To prevent serious bacterial infections among HIV-infected
children who have hypogammaglobulinemia (IgG <400 mg/dL),
clinicians should use IVIG (AI). During the pre-HAART era,
IVIG was effective in preventing serious bacterial infections
in symptomatic HIV-infected children (54), but this effect
was most clearly demonstrated only in those not receiving

daily trimethoprim—sulfamethoxazole (TMP-SMX) for PCP

Descargado de http://infosida.nih.gov/guidelines el dia 3/3/2013



http://www.cdc.gov/vaccines/recs/provisional/downloads/pneumo-Oct-2008-508.pdf
http://www.cdc.gov/vaccines/recs/provisional/downloads/pneumo-Oct-2008-508.pdf

12 MMWR

September 4, 2009

prophylaxis (55). Thus, IVIG is no longer recommended for
primary prevention of serious bacterial infections in HIV-infected
children unless hypogammaglobulinemia is present or functional
antibody deficiency is demonstrated by either poor specific
antibody titers or recurrent bacterial infections (CII).

TMP-SMX administered daily for PCP prophylaxis is effective
in reducing the rate of serious bacterial infections (predominantly
respiratory) in HIV-infected children who do not have access to
HAART (AII) (55,94). Atovaquone combined with azithro-
mycin, which provides prophylaxis for MAC as well as PCP,
has been shown in HIV-infected children to be as effective as
TMP-SMX in preventing serious bacterial infections and is
similarly tolerated (95). However, indiscriminate use of antibiot-
ics (when not indicated for PCP or MAC prophylaxis or other
specific reasons) might promote development of drug-resistant
organisms. Thus, antibiotic prophylaxis is not recommended
solely for primary prevention of serious bacterial infections
(DIII).

In developing countries, where endemic deficiency of vitamin
A and zinc is common, supplementation with vitamin A and zinc
conferred additional protection against bacterial diarrhea and/or
pneumonia in HIV-infected children (96,97). However, in the
United States, although attention to good nutrition including
standard daily multivitamins is an important component of care
for HIV-infected children, additional vitamin supplementation
above the recommended daily amounts is not recommended

(DIII).

Discontinuation of Primary Prophylaxis

A clinical trial, PACTG 1008, demonstrated that discon-
tinuation of MAC and/or PCP antibiotic prophylaxis in
HIV-infected children who achieved immune reconstitution
(CD4 >15%) while receiving ART did not result in excessive
rates of serious bacterial infections (46).

Treatment Recommendations

Treatment of Disease

The principles of treating serious bacterial infections are the
same in HIV-infected and HIV-uninfected children. Specimens
for microbiologic studies should be collected before initiation
of antibiotic treatment. However, in patients with suspected
serious bacterial infections, therapy should be administered
empirically and promptly without waiting for results of such
studies; therapy can be adjusted once culture results become
available. The local prevalence of resistance to common infec-
tious agents (i.e., penicillin-resistant S. pneumoniae and MRSA)
and the recent use of prophylactic or therapeutic antibiotics
should be considered when initiating empiric therapy. When
the organism is identified, antibiotic susceptibility testing

should be performed, and subsequent therapy based on the
results of susceptibility testing (AII).

HIV-infected children whose immune systems are not seri-
ously compromised (CDC Immunologic Category I) (98) and
who are not neutropenic can be expected to respond similarly
to HIV-uninfected children and should be treated with the
usual antimicrobial agents recommended for the most likely
bacterial organisms (AIII). For example, for HIV-infected
children outside of the neonatal period who have suspected
community-acquired bacteremia, bacterial pneumonia, or
meningitis, empiric therapy with an extended-spectrum cepha-
losporin (such as ceftriaxone or cefotaxime) is reasonable until
culture results are available (AIII) (85,99). The addition of
azithromycin can be considered for hospitalized patients with
pneumonia to treat other common community-acquired pneu-
monia pathogens (M. pneumoniae, C. pneumoniae). It MRSA is
suspected or the prevalence of MRSA is high (i.e., >10%) in the
community, clindamycin or vancomycin can be added (choice
based on local susceptibility patterns) (100,101). Neutropenic
children also should be treated with an antipseudomonal drug
such as ceftazidime or imipenem, with consideration of add-
ing an aminoglycoside if infection with Pseudomonas spp. is
thought likely. Severely immunocompromised HIV-infected
children with invasive or recurrent bacterial infections require
expanded empiric antimicrobial treatment covering a broad
range of resistant organisms similar to that chosen for suspected
catheter sepsis pending results of diagnostic evaluations and
cultures (AIII).

Initial empiric therapy of HIV-infected children with
suspected catheter sepsis should include coverage for both
gram-positive and enteric gram-negative organisms, such as
ceftazidime, which has anti-Pseudomonas activity, and van-
comycin to cover MRSA (AIII). Factors such as response to
therapy, clinical status, identification of pathogen, and need
for ongoing vascular access, will determine the need and tim-
ing of catheter removal.

Monitoring and Adverse Events, Including IRIS

The response to appropriate antibiotic therapy should be
similar in HIV-infected and HIV-uninfected children, with
a clinical response usually observed within 2-3 days after
initiation of appropriate antibiotics; radiologic improvement
in patients with pneumonia may lag behind clinical response.
Fatal hemolytic reaction to ceftriaxone has been reported in
an HIV-infected child with prior ceftriaxone treatment (102).
Whereas HIV-infected adults experience high rates of adverse
and even treatment-limiting reactions to TMP-SMX, in HIV-
infected children, serious adverse reactions to TMP-SMX
appear to be much less of a problem (103).
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IRIS has not been described in association with treatment
of bacterial infections in children.

Management of Treatment Failure

Prevention of Recurrence

Status of vaccination against Hib, pneumococcus, meningo-
coccus, and influenza should be reviewed and updated, accord-
ing to the recommendations outlined in the section “Preventing
First Episode of Disease” (Figures 1 and 2) (AI).

TMP-SMX, administered daily for PCP prophylaxis, and
azithromycin or atovaquone-azithromycin, administered for
MAC prophylaxis, also may reduce the incidence of drug-
sensitive serious bacterial infections in children with recur-
rent serious bacterial infections. Although administration of
antibiotic chemoprophylaxis to HIV-infected children who
have frequent recurrences of serious bacterial infections may
be considered, caution is required when using antibiotics solely
to prevent recurrence of serious bacterial infections because of
the potential for development of drug-resistant microorgan-
isms and drug toxicity. In rare situations in which antibiotic
prophylaxis is not effective in preventing frequent recurrent
serious bacterial infections, IVIG prophylaxis can be considered
for secondary prophylaxis (BI).

Discontinuation of Secondary Prophylaxis

As noted earlier, PACTG 1008, demonstrated that discon-
tinuation of MAC and/or PCP antibiotic phylaxis in HIV-
infected children who achieved immune reconstitution (CD4
>15%) while receiving antiretroviral therapy did not result in
excessive rates of serious bacterial infections (46).

Bartonellosis
Epidemiology

Bartonella is a genus of facultative intracellular bacteria
including 21 species, only a few of which have been implicated
as human pathogens (104-106). Of these, Bartonella henselae
and Bartonella quintana cause a spectrum of diseases specifically
in immunocompromised hosts, such as those infected with
HIV (107,108). These diseases include bacillary angiomatosis
and bacillary peliosis. Immunocompromised persons also are
susceptible to Bartonella-associated bacteremia and dissemina-
tion to other organ systems. Complications of Bartonella infec-
tion are relatively uncommon in the pediatric HIV-infected
population (4), although complications in adult immuno-
compromised hosts also can occur in immunocompromised
children with AIDS. Bartonella infections involve an intra-
erythrocytic phase that appears to provide a protective niche
for the bartonellae leading to persistent and often relapsing

infection, particularly in immunocompromised persons (104).
A feature of infections with the genus Bartonella is the ability
of the bacteria to cause either acute or chronic infection with
either vascular proliferative or suppurative manifestations,
depending on the immune status of the patient (104).

In the general population, B. henselae typically is associated
with cat-scratch disease. Most cases of cat-scratch disease occur
in patients aged <20 years (109). A study examining the epide-
miology of cat-scratch disease in the United States estimated
that 437 pediatric hospitalizations associated with cat-scratch
disease occurred among children aged <18 years during 2000,
giving a national hospitalization rate of 0.6 per 100,000 chil-
dren aged <18 years and 0.86 per 100,000 children aged <5
years (110). Data are lacking on the epidemiology of infection
with Bartonella spp. in HIV-infected children.

The household cat is a major vector for transmission of
B. henselae to humans. Transmission of B. henselae from cat to
cat appears to be facilitated by cat fleas, but data do not suggest
that B. henselae is efficiently transmitted from cats to humans
by fleas (771). More than 90% of patients with cat-scratch
disease have a history of recent contact with cats, often kittens
(109), and a cat scratch or bite (772) has been implicated as
the principal mode of cat-to-human transmission. Compared
with adult cats, kittens (<1 year of age) are more likely to have
B. henselae bacteremia and to have high levels of bacteremia,
and more likely to scratch. Despite the evidence against flea-
borne cat-to-human transmission, researchers acknowledge
the potential for such transmission and the need for further
investigation (/117). Elimination of flea infestation is impor-
tant in preventing transmission because contamination of cat
claws or of a scratch wound with infected flea feces is a possible
mechanism for infecting humans (717). Infection occurs more
often during the autumn and winter (109,112-114).

B. quintana is globally distributed. The vector for B. quintana
is the human body louse. Outbreaks of trench fever have been
associated with poor sanitation and personal hygiene, which
may predispose individuals to the human body louse (106).

Clinical Manifestations

The clinical manifestations of B. henselaeinfection are largely
determined by the host’s immune response. Localized disease
(e.g., focal suppurative regional lymphadenopathy such as in
typical cat-scratch disease) appears most common in patients
with an intact immune system; systemic infection appears
more commonly in immunocompromised patients, although
systemic disease has also been reported among otherwise nor-
mal children (715,116). Clinical manifestations of B. henselae
and B. quintana specific to HIV-infected and other immuno-
compromised patients include bacillary angiomatosis and
bacillary peliosis.
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Bacillary angiomatosis is a rare disorder that occurs almost
entirely in severely immunocompromised hosts (117,118). It
is a vascular proliferative disease that has been reported most
often in HIV-infected adults who have severe immunosuppres-
sion with a median CD4 count of <50 cells/mm? in a majority
of case studies of HIV-infected adults (108,119). The disease
is characterized by cutaneous and subcutaneous angiomatous
papules; the lesions of this disease can be confused with KS.
Lesions are often papular and red with smooth or eroded
surfaces; they are vascular and bleed if traumatized. Nodules
may be observed in the subcutaneous tissue and can erode
through the skin. Less frequently, it may involve organs other
than the skin.

Bacillary peliosis is characterized by angiomatous masses
in visceral organs; it mainly occurs in severely immuno-
compromised patients with HIV infection. It is a vasopro-
liferative condition that contains blood-filled cystic spaces.
The organ most commonly affected is the liver (i.e., peliosis
hepatis), but the disease also can involve bone marrow, lymph
nodes, lungs, and CNS (120-122).

Immunocompromised patients infected with B. henselae or
B. quintana can also present with persisting or relapsing fever
with bacteremia, and these bacteria should be considered
in the differential diagnosis of fever of unknown origin in
immunocompromised children with late-stage AIDS (123).
Dissemination to almost all organ systems has been described,
including bone (e.g., osteomyelitis), heart (e.g., subacute
endocarditis), and CNS (e.g., encephalopathy, seizures, neuro-
retinitis, transverse myelitis) (/24). Most patients with visceral
involvement have nonspecific systemic symptoms, including
fever, chills, night sweats, anorexia and weight loss, abdominal
pain, nausea, vomiting, and diarrhea.

Diagnosis

Bartonella spp. are small, gram-negative bacilli. In cases of
bacillary angiomatosis and bacillary peliosis, diagnosis is usually
made through biopsy with a characteristic histologic picture:
clusters of organisms can be demonstrated with Warthin-Starry
silver stain of affected tissue. The organisms can be isolated
with difficulty from blood or tissue culture using enriched
agar; they have been isolated more successfully from speci-
mens from patients with bacillary angiomatosis and peliosis
than from patients with typical cat-scratch disease (107).
B. henselae, similar to other Bartonella spp., is a fastidious,
slow-growing organism; in most cases, colonies first appear
after 9-40 days; therefore incubation for up to 6 weeks is
recommended (124).

Serologic tests such as indirect fluorescent antibody (IFA)
test and enzyme immunoassay (EIA) are also available. The IFA
is available at many commercial laboratories and state public

health laboratories and through CDC (109). Unfortunately,
cross-reactivity among Bartonella spp. and other bacteria, such
as Chlamydia psitraci (115), is common, and serologic tests
do not accurately distinguish among them. Additionally, the
sensitivity of the currently available IFA is lower in immuno-
compromised than immune-competent patients; 25% of
HIV-infected Bartonella culture-positive patients never develop
anti-Bartonella (121).

The most sensitive method of diagnosis is with PCR testing
of clinical specimens; different procedures have been devel-
oped that can discriminate among different Bartonella spp.
(125,126). PCR assays are available in some commercial and
research laboratories.

Prevention Recommendations

Preventing Exposure

Prevention of bartonellosis should focus on reducing exposure
to vectors of the disease, i.e., the body louse (for B. quintana)
and cats and cat fleas (for B. henselae). Controlling cat flea infes-
tation and avoiding cat scratches are therefore critical strategies
for preventing B. henselae infections in HIV-infected persons.
To avoid exposure to B. quintana, HIV-infected patients should
avoid and treat infestation with body lice (AII).

HIV-infected persons, specifically those with severe immuno-
suppression, should consider the potential risks of cat owner-
ship; risks of cat ownership for HIV-infected children should be
discussed with caretakers. If a decision is made to acquire a cat,
cats <1 year of age should be avoided (BII) (109,123). HIV-
infected persons should avoid playing roughly with cats and
kittens to minimize scratches and bites and should promptly
wash sites of contact if they are scratched or bitten (BIII)
(109). Also, cats should not be allowed to lick open wounds
or cuts (BIII). No evidence indicates any benefit from routine
culturing or serologic testing of cats for Bartonella infection
or from antibiotic treatment of healthy, serologically positive

cats (DII) (109).

Preventing First Episode of Disease

No evidence exists that supports the use of chemoprophylaxis
for bartonellosis, such as after a cat scratch (CIII).
Discontinuing Primary Prophylaxis

Not applicable.

Treatment Recommendations

Treatment of Disease

Management of typical cat-scratch disease in immunocom-
petent patients is mainly supportive because the disease usu-
ally is self-limited and resolves spontaneously in 2—4 months.
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Enlarged, painful lymph nodes may need to be aspirated.
Cat-scratch disease typically does not respond to antibiotic
therapy; the localized clinical manifestations of the disease are
believed to result from an immunologic reaction in the lymph
nodes with few viable Bartonella present by the time a biopsy is
performed (104, 127). In one double-blind, placebo-controlled
study in a small number (N=29) of immunocompetent older
children and adults with uncomplicated cat-scratch disease,
azithromycin resulted in a more rapid decrease in initial lymph
node volume by sonography, although clinical outcomes did
not differ (128). Thus, antibiotic treatment usually is not rec-
ommended for uncomplicated localized disease.

The in vitro and in vivo antibiotic susceptibilities of Bartonella
do not correlate well for a number of antibiotics; for example,
penicillin demonstrates in vitro activity but has no in vivo
efficacy (104,115). Although no systematic clinical trials have
been conducted, antibiotic treatment of bacillary angiomatosis
and peliosis hepatis is recommended on the basis of reported
experience in clinical case series because severe, progressive,
and disseminated disease can occur, and without appropriate
therapy, systemic spread can occur and involve virtually any
organ (104,108). Guidelines for treating Bartonella infections
have been published (704).

The drug of choice for treating systemic bartonellosis is
erythromycin or doxycycline (AII) (104, 121). Clarithromycin
or azithromycin treatment has been associated with clinical
response, and either of these can be an alternative for Barronella
treatment (BIII) (129).

For patients with severe disease, intravenous (IV) administra-
tion may be needed initially (AIII) (/30). Therapy should be
administered for 3 months for cutaneous bacillary angiomatosis
and 4 months for bacillary peliosis, CNS disease, osteomyelitis,
or severe infections, as treatment must be of sufficient duration
to prevent relapse (AII) (104, 123). Combination therapy with
the addition of rifampin to either erythromycin or doxycycline
is recommended for immunocompromised patients with acute,
life-threatening infections (BIII) (104,123). Because doxy-
cycline has better CNS penetration than does erythromycin,
the combination of doxycycline and rifampin is preferred for
treating CNS Bartonella infection, including retinitis (AIII).

Endocarditis is most commonly caused by B. quintana, fol-
lowed by B. hensalae, but also has been linked with infection
with B. elizabethae, B. vinsonii subspecies Berkhoffii, B. vinsonii
subspecies Arupensis, B. kohlerae, and B. alsatica (131). For
suspected (but culture-negative) Bartonella endocarditis,
14 days of aminoglycoside treatment (AII) accompanied
by ceftriaxone (to adequately treat other potential causes of
culture-negative endocarditis) with or without doxycycline
for 6 weeks is recommended (BII) (/04). For documented

culture-positive Bartonella endocarditis, doxycycline for 6
weeks plus gentamicin intravenously for the first 14 days is
recommended (BII) (104, 109).

Penicillins and first-generation cephalosporins have no in
vivo activity and should not be used for treatment of bartonel-
losis (DII) (132). Quinolones and TMP-SMX have variable
in vitro activity and an inconsistent clinical response in case

reports (115); as a result, they are not recommended for treat-
ment (DIII).

Monitoring and Adverse Events, Including IRIS

Response to treatment can be dramatic in immuno-
compromised patients. Cutaneous bacillary angiomatosis skin
lesions usually improve and resolve after a month of treat-
ment. Bacillary peliosis responds more slowly than cutaneous
angiomatosis, but hepatic lesions should improve after several
months of therapy.

Some immunocompromised patients develop a potentially
life-threatening Jarisch-Herxheimer—like reaction within
hours after institution of antibiotic therapy, and immuno-
compromised patients with severe respiratory or cardiovascular
compromise should be monitored carefully after institution of
therapy (104,107).

No cases of Bartonella-associated IRIS have been reported.

Management of Treatment Failure

In immunocompromised patients with relapse, retreatment
should be continued for 4-6 months; repeated relapses should
be treated indefinitely (AIII) (128). Among patients whose
Bartonella infections fail to respond to initial treatment, one

or more of the second-line regimens should be considered
(AIIT).

Prevention of Recurrence

Relapses in bone and skin have been reported and are more
common when antibiotics are administered for a shorter time
(<3 months), especially in severely immunocompromised
patients. For an immunocompromised HIV-infected adult
experiencing relapse, long-term suppression of infection with
doxycycline or a macrolide is recommended as long as the
CD4 cell count is <200 cells/mm? (AIII). Although no data
exist for HIV-infected children, it seems reasonable that similar
recommendations should be followed (AIII).

Discontinuing Secondary Prophylaxis

No specific data are available regarding the discontinuation
of secondary prophylaxis.
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Syphilis
Epidemiology

Treponema pallidum can be transmitted from mother to child
at any stage of pregnancy or during delivery. Among women
with untreated primary, secondary, early latent, or late latent
syphilis at delivery, approximately 30%, 60%, 40%, and 7% of
infants, respectively, will be infected. Treatment of the mother
for syphilis >30 days before delivery is required for effective
in utero treatment.

Congenital syphilis has been reported despite adequate
maternal treatment. Factors that contribute to treatment
failure include maternal stage of syphilis (early stage, mean-
ing, primary, secondary, or early latent syphilis), advancing
gestational age at treatment, higher Venereal Disease Research
Laboratory (VDRL) titers at treatment and delivery, and short
interval from treatment to delivery (<30 days) (133,134). In
2005, the rate of congenital syphilis declined to 8 per 100,000
live-born infants (135), down from 14.3 cases per 100,000
in 2000 and 27.9 cases per 100,000 in 1997. Overall, cases
of congenital syphilis have decreased 74% since 1996. The
continuing decline in the rate of congenital syphilis probably
reflects the substantially reduced rate of primary and secondary
syphilis among women during the last decade.

Drug use during pregnancy, particularly cocaine use, has
been associated with increased risk for maternal syphilis and
congenital infection (136). Similarly, HIV-infected women
have a higher prevalence of untreated or inadequately treated
syphilis during pregnancy, which places their newborns at
higher risk for congenital syphilis (137). Mother-to-child
HIV transmission might be higher when syphilis coinfection
is present during pregnancy (137-139); transmission does not
appear to be higher if the mother’s syphilis is effectively treated
before pregnancy (137).

Although approximately two thirds of sexually transmitted
diseases (STDs) diagnosed annually in the United States occur
among persons aged <24 years, such individuals account for less
than 25% of early syphilis cases. Nevertheless, the prevalence
and incidence of syphilis among HIV-infected youth and of
HIV infection among youth with syphilis are appreciable; in
a study of 320 HIV-infected and uninfected U.S. adolescents
aged 12-19 years, the prevalence of syphilis was 9% among
HIV-infected girls and 6% among HIV-infected boys (140). In
a meta-analysis of 30 studies, the median HIV seroprevalence
among persons infected with syphilis in the United States was
15.7% (27.5% among men and 12.4% among women with

syphilis) (141).

Clinical Manifestations

Untreated early syphilis during pregnancy can lead to spon-
taneous abortion, stillbirth, hydrops fetalis, preterm delivery,
and perinatal death in up to 40% of pregnancies (/42). Among
children with congenital syphilis, two characteristic syndromes
of clinical disease exist: early and late congenital syphilis. Early
congenital syphilis refers to clinical manifestations appearing
within the first 2 years of life. Late congenital syphilis refers to
clinical manifestations appearing in children >2 years old.

At birth, infected infants may manifest such signs as
hepatosplenomegaly, jaundice, mucocutaneous lesions (e.g.,
skin rash, nasal discharge, mucous patches, condyloma lata),
lymphadenopathy, pseudoparalysis of an extremity, anemia,
thrombocytopenia, pneumonia, and skeletal lesions (e.g.,
osteochondritis, periostitis, or osteitis). In a study of 148
infants born to mothers with untreated or inadequately treated
syphilis, 47% had clinical, radiographic, or conventional
laboratory findings consistent with congenital syphilis, and
44% had a positive rabbit infectivity test, PCR assay, or IgM
immunoblot of serum, blood, or CSF (743). However, as many
as 60% of infants with congenital syphilis do not have any
clinical signs at birth (/44). If untreated, these “asymptomatic”
infants can develop clinically apparent disease in the ensuing
3 weeks to 6 months. In addition, fever, nephrotic syndrome,
and hypopituitarism may occur.

The manifestations of acquired syphilis in older children and
adolescents are similar to those of adults (see Guidelines for the
Prevention and Treatment of Opportunistic Infections in HIV-
Infected Adults) (16). HIV-infected persons with acquired early
syphilis might be at increased risk for neurologic complications
and uveitis and have higher rates of treatment failure (745).

Diagnosis

The standard serologic tests for syphilis in adults are based
on the measurement of IgG antibody. Because IgG antibody in
the infant reflects transplacental passively transferred antibody
from the mother, interpretation of reactive serologic tests for
syphilis among infants is difficult. Therefore, the diagnosis
of neonatal congenital syphilis depends on a combination
of results from physical, laboratory, radiographic, and direct
microscopic examinations.

All infants born to women with reactive nontreponemal
and treponemal test results should be evaluated with a quan-
titative nontreponemal test (e.g., VDRL slide test, rapid
plasma reagin [RPR], or the automated reagin test). Neonatal
serum should be tested because of the potential for maternal
blood contamination of the umbilical cord blood specimens.
Specific treponemal tests, such as the fluorescent treponemal
antibody absorption (FTA-ABS) test and 7. pallidum particle
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agglutination (TP-PA) test, are not necessary to evaluate con-
genital syphilis in the neonate. No commerecially available IgM
test is recommended for diagnostic use. (Note: Some labora-
tories use treponemal tests, such as EIA, for initial screening,
and nontreponemal tests for confirmation of positive specimens
(146). However, such an approach with congenital syphilis has
not been published.)

Congenital syphilis can be definitively diagnosed if 7. pal-
lidum is detected by using darkfield microscopic examination
or direct fluorescent antibody staining of lesions or body fluids
such as umbilical cord, placenta, nasal discharge, or skin lesion
material from the infant. Failure to detect 7. pallidum does not
definitively rule out infection because false-negative results are
common. Pathologic examination of placenta and umbilical
cord with specific fluorescent antitreponemal antibody stain-
ing is recommended.

Evaluation of suspected cases of congenital syphilis should
include a careful and complete physical examination. Further
evaluation depends on maternal treatment history for syphilis,
findings on physical examination, and planned infant treat-
ment and may include a complete blood count and differential
and platelet count, long bone radiographs, and CSF analysis
for VDRL, cell count, and protein. HIV-infected infants might
have increased cell counts and protein concentrations even in
the absence of neurosyphilis. Other tests should be performed
as clinically indicated (e.g., chest radiograph, liver-function
tests, cranial ultrasound, ophthalmologic examination, and
auditory brainstem response).

A proven case of congenital syphilis requires visualization of
spirochetes by darkfield microscopy or fluorescent antibody
testing of body fluid(s). Finding that an infant’s serum quantita-
tive nontreponemal serologic titer that is fourfold higher than
the mother’s titer suggests infection but is not a criterion in
the case definition. A presumptive case of syphilis is defined as
maternal untreated or inadequately treated syphilis at delivery,
regardless of findings in the infant, or a reactive treponemal test
result and signs in an infant of congenital syphilis on physical
examination, laboratory evaluation, long bone radiographs,
positive CSF VDRL test, or an abnormal CSF finding without
other cause.

For diagnosis of acquired syphilis, a reactive nontreponemal
test must be confirmed by a specific treponemal test such as
FTA-ABS or TP-PA. Treponemal tests usually will remain
positive for life, even with successful treatment. The prozone
phenomenon (a weakly reactive or falsely negative) reaction
might occur more frequently in HIV-infected persons (147).
Treponemal antibody titers do not correlate with disease activ-
ity and should not be used to monitor treatment response. CSF
should be evaluated among HIV-infected adolescents with

acquired syphilis of unknown or <1 year’s duration or if they
have neurologic or ocular symptoms or signs; many clinicians
recommend a CSF examination for all HIV-infected patients

with syphilis (16).
Prevention Recommendations
Preventing Exposure

Congenital Syphilis

Effective prevention and detection of congenital syphilis
depend on the identification of syphilis in pregnant women
and, therefore, on the routine serologic screening of pregnant
women during the first prenatal visit. In communities and
populations in which the risk for congenital syphilis is high,
serologic testing and a sexual history also should be obtained
at 28 weeks’ gestation and at delivery. Moreover, as part of the
management of pregnant women who have syphilis, infor-
mation about treatment of sex partners should be obtained
to assess the risk for reinfection. Routine screening of serum
from newborns or umbilical cord blood is not recommended.
Serologic testing of the mother’s serum is preferred over test-
ing of the infant’s serum because the serologic tests performed
on infant serum can be nonreactive if the mother’s serologic
test result is of low titer or the mother was infected late in
pregnancy. No HIV-exposed infant should leave the hospital
unless the maternal serologic status has been documented at
least once during pregnancy and at delivery in communities
and populations in which the risk for congenital syphilis is

high (148, 149).
Acquired Syphilis

Primary prevention of syphilis includes routine discussion of
sexual behaviors that may place persons at risk for infection.
Providers should discuss risk reduction messages that are client-
centered and provide specific actions that can reduce the risk
for STD acquisition and HIV transmission (150—152).

Routine serologic screening for syphilis is recommended
at least annually for all sexually active HIV-infected persons,
with more frequent screening (3—6 months) depending
on individual risk behaviors (e.g., multiple partners, sex in
conjunction with illicit drug use, methamphetamine use, or
partners that participate in such activities) (153). Syphilis in an
HIV-infected person indicates high-risk behavior and should
prompt intensified counseling messages and consideration
of referral for behavioral intervention. Persons undergoing
screening or treatment for syphilis also should be evaluated

for all common STDs (754).

Discontinuing Primary Prophylaxis
Not applicable.

Descargado de http://infosida.nih.gov/guidelines el dia 3/3/2013



18 MMWR

September 4, 2009

Treatment Recommendations

Treatment of Disease

Penicillin remains the treatment of choice for syphilis, con-
genital or acquired, regardless of HIV status (AI).

Congenital Syphilis

Data are insufficient to determine whether infants who have
congenital syphilis and whose mothers are coinfected with HIV
require different evaluation, therapy, or follow-up for syphilis
than that recommended for infants born to mothers without
HIV coinfection. Response to standard treatment may differ
among HIV-infected mothers. For example, some studies in
adults have shown a lag in serologic improvement in appro-
priately treated patients with HIV infection (155).

Infants should be treated for congenital syphilis if the mother
has 1) untreated or inadequately treated syphilis (including
treatment with erythromycin or any other nonpenicillin
regimen), 2) no documentation of having received treatment,
3) receipt of treatment <4 weeks before delivery, 4) treatment
with penicillin but no fourfold decrease in nontreponemal anti-
body titer, or 5) fourfold or greater increase in nontreponemal
antibody titer suggesting relapse or reinfection (AII) (154).
Infants should be treated regardless of maternal treatment
history if they have an abnormal examination consistent with
congenital syphilis, positive darkfield or fluorescent antibody
test of body fluid(s), or serum quantitative nontreponemal
serologic titer that is at least fourfold greater than maternal
titer (AII) (154).

Treatment for proven or highly probable congenital syphilis
(i.e., infants with findings or symptoms or with titers fourfold
greater than mother’s titer) is aqueous crystalline penicillin G
at 100,000-150,000 units/kg/day, administered as 50,000
units/kg/dose intravenously every 12 hours during the first 7
days of life and every 8 hours thereafter for a total of 10 days
(AII). If congenital syphilis is diagnosed after 1 month of life,
the dosage of aqueous penicillin G should be increased to
50,000 units/kg/dose intravenously every 4—6 hours for 10
days (AII). An alternative to aqueous penicillin G is procaine
penicillin G at 50,000 units/kg/dose intramuscularly (IM)
daily in a single dose for 10 days (BII). However, aqueous
penicillin G is preferred because of its higher penetration into
the CSE No reports have been published of treatment failures
with ampicillin or studies of the effectiveness of ampicillin for
treating congenital syphilis.

Asymptomatic infants born to mothers who have had
adequate treatment and response to therapy, and with a normal
physical examination and CSF findings, and who have a serum
quantitative nontreponemal serologic titer that is less than
fourfold higher than maternal titer might be treated with a

single dose of benzathine penicillin G 50,000 units/kg/dose IM
with careful clinical and serologic follow-up (BII). However,
certain health-care providers would treat such infants with
the standard 10 days of aqueous penicillin because physical
examination and laboratory test results cannot definitively
exclude congenital syphilis in all cases (BII).
Acquired Syphilis

Acquired syphilis in children is treated with a single dose of
benzathine penicillin G 50,000 units/kg IM (up to the adult
dose of 2.4 million units) for early-stage disease (e.g., primary,
secondary, and early latent disease) (AII). For late latent disease,
three doses of benzathine penicillin G 50,000 units/kg (up to
the adult dose of 2.4 million units) should be administered
IM once weekly for three doses (total 150,000 units/kg, up
to the adult total dose of 7.2 million units) (AIII). Alternative
therapies (e.g., doxycycline, ceftriaxone, or azithromycin) have
not been evaluated among HIV-infected patients and should
not be used as first-line therapy (EIII) (154). Neurosyphilis
should be treated with aqueous penicillin G 200,000-300,000
units/kg intravenously every 4-6 hours (maximum dosage:
18-24 million units/day) for 10~14 days (AII). See Guidelines
for the Prevention and Treatment of Opportunistic Infections in
HIV-Infected Adults for dosing recommendations for older
HIV-infected adolescents with acquired syphilis (16).

Monitoring and Adverse Events, Including IRIS

All seroreactive infants (or infants whose mothers were sero-
reactive at delivery) should receive careful follow-up examina-
tions and serologic testing (i.e., a nontreponemal test) every
2-3 months until the test becomes nonreactive or the titer
has decreased fourfold (AIII). Nontreponemal antibody titers
should decline by age 3 months and should be nonreactive by
age 6 months if the infant was not infected (i.e., if the reac-
tive test result was caused by passive transfer of maternal IgG
antibody) or was infected but adequately treated. The serologic
response after therapy might be slower for infants treated after
the neonatal period. Whether children with congenital syphilis
who also are HIV-infected take longer to become nonreactive
and require retreatment is not known.

Treponemal tests should not be used to evaluate treatment
response because the results for an infected child can remain
positive despite effective therapy. Passively transferred maternal
treponemal antibodies can be present in an infant until age
15 months. A reactive treponemal test after age 18 months is
diagnostic of congenital syphilis. If the nontreponemal test is
nonreactive at this time, no further evaluation or treatment
is necessary. If the nontreponemal test is reactive at age 18
months, the infant should be fully (re)evaluated and treated
for congenital syphilis (AIII).
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Infants whose initial CSF evaluations are abnormal should
undergo a repeat lumbar puncture approximately every 6
months until the results are normal (AII). A reactive CSF
VDRL test or abnormal CSF indices that cannot be attrib-
uted to other ongoing illness requires retreatment for possible
neurosyphilis.

HIV-infected children and adolescents with acquired early
syphilis (i.e., primary, secondary, early latent) should have clini-
cal and serologic response monitored at age 3, 6,9, 12, and 24
months after therapy (AIII); nontreponemal test titers should
decline by at least fourfold by 6-12 months after successful
therapy, with examination of CSF and retreatment strongly
considered in the absence of such decline. For syphilis of lon-
ger duration, follow-up is indicated at 6, 12, and 24 months;
fourfold decline should be expected by 12-24 months. If
initial CSF examination demonstrated a pleocytosis, repeat
lumbar puncture should be conducted at 6 months after
therapy, and then every 6 months until the cell count is nor-
mal (AIII). Follow-up CSF examinations also can be used to
evaluate changes in the VDRL-CSF or CSF protein levels after
therapy, but changes in these parameters occur more slowly
than changes in CSF cell counts. Data from HIV-infected
adults with neurosyphilis suggest that CSF abnormalities
might persist for extended times, and close clinical follow-up
is warranted (145).

Syphilis in an HIV-infected child (congenital or acquired)
manifesting as IRIS has not been reported, and only very rare
reports of syphilis-associated IRIS in adults (primarily syphilitic
ocular inflammartory disease) have been reported (156).

Management of Treatment Failure

After treatment of congenital syphilis, children with increas-
ing or stable nontreponmenal titers at age 6-12 months or
children who are seropostive with any titer at 18 months
should be evaluated (e.g., including a CSF examination) and
considered for retreatment with a 10-day course of parenteral
penicillin (AIII).

The management of failures of treatment of acquired syphilis
in older children and adolescents is identical to that in adults
(16). Retreatment of patients with early-stage syphilis should
be considered for those who 1) do not experience at least a
fourfold decrease in serum nontreponemal test titers 6-12
months after therapy, 2) have a sustained fourfold increase
in serum nontreponemal test titers after an initial reduction
posttreatment, or 3) have persistent or recurring clinical signs
or symptoms of disease (BIII). If CSF examination does not
confirm the diagnosis of neurosyphilis, such patients should
receive 2.4 million units IM benzathine penicillin G adminis-
tered at 1-week intervals for 3 weeks (BIII). Certain specialists
have also recommended a course of aqueous penicillin G IV

or procaine penicillin IM plus probenicid (as described above
for treatment of neurosyphilis) for all patients with treatment
failure, although data to support this recommendation are
lacking (CIII). If titers fail to respond appropriately after
retreatment, the value of repeat CSF evaluation or retreatment
has not been established.

Patients with late-latent syphilis should be retreated if they
1) have clinical signs or symptoms of syphilis, 2) have a fourfold
increase in serum nontreponemal test titer, or 3) experience
an inadequate serologic response (less than fourfold decline in
nontreponemal test titer) within 12-24 months after therapy #f'
initial titer was high (>1:32) (BIII). Such patients should have
a repeat CSF examination. If the repeat CSF examination is
consistent with CNS involvement, retreatment should follow
the neurosyphilis recommendations (AIIl); those without a
CSF profile indicating CNS disease should receive a repeat
course of benzathine penicillin, 2.4 million units IM weekly
for 3 weeks (BIII), although certain specialists recommend
following the neurosyphilis recommendations in this situation
as well (CIII).

Retreatment of neurosyphilis should be considered if the
CSF white blood cell count has not decreased 6 months after
completion of treatment or if the CSF-VDRL remains reactive
2 years after treatment (BIII).

Prevention of Recurrence

No recommendations have been developed for secondary
prophylaxis or chronic maintenance therapy for syphilis in
HIV-infected children.

Discontinuing Secondary Prophylaxis
Not applicable.

Mycobacterial Infections

Mycobacterium tuberculosis

Epidemiology

In 2006, of the 13,779 cases of TB reported in the United
States, 807 (6%) occurred in children younger than 15 years
(157). Overall, during 1993-2001, 12.9% of adults with TB
were reported to be coinfected with HIV, compared with 1.1%
of all children with TB (758). However, the actual rate of HIV
coinfection in U.S. children with TB is unknown because of
the very low rate of HIV testing in this population.

Numerous studies have documented the increased risk for
TB among HIV-infected adults. Domestic and international
studies have documented a similar increased risk for TB among
HIV-infected children (159-162). Unlike other AIDS-related
OlIs, CD4 cell count is not a sufficient indicator of increased
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risk for TB in HIV-infected children. Congenital TB is rare
but has been reported among children born to HIV-infected
women with TB (163, 164).

Children with TB almost always were infected by an adult
in their daily environment, and their disease represents the
progression of primary infection rather than the reactivation
disease commonly observed among adults (165). Identification
and treatment of the source patient and evaluation of all
exposed members of the household are particularly important
because other secondary TB cases and latent infections with
M. tuberculosis often are found. All confirmed and suspected
TB cases must be reported to state and local health depart-
ments, which will assist in contact evaluation.

Disease caused by Mycobacterium bovis recently reemerged
among children in New York City, and M. bovis is a frequent
cause of TB in children in San Diego County (166,167).
Recent cases have been associated with ingestion of unpasteur-
ized fresh cheese from Mexico (166). Most M. bovis cases in
humans are attributable to ingestion of unpasteurized milk or
its products, and exposure to this pathogen in the United States
is unlikely except from privately imported products. However,
human-to-human airborne transmission from persons with
pulmonary disease has been confirmed, and its relevance
might be increased by HIV infection. The distinction between
M. tuberculosis and M. bovis is important for determining the
source of infection for a child who has TB and for selecting
a treatment regimen: almost all M. bovis isolates are resistant
to pyrazinamide.

Disease associated with bacille Calmette-Guerin (BCQ),
an attenuated version of M. bovis, has been reported in HIV-
infected children vaccinated at birth with BCG (768). IRIS
associated with BCG also has been reported among children
initiating HAART (22,168).

Internationally, drug resistance is a growing obstacle to
controlling TB, but in the United States, effective public
health approaches to prevention and treatment have reduced
the rates of drug resistance. In the United States during
1993-2001, M. tuberculosis resistant to any first-line anti-TB
drugs was identified in 15.2% of children who had culture-
positive M. tuberculosis, with higher rates among foreign-born
children (19.2%) than among U.S.-born children (14.1%)
(158). Multidrug-resistant TB (MDR TB) is unusual among
U.S.-born children and adults with TB. The prevalence of
multidrug resistance (e.g., at least isoniazid and rifampin) was
lower: 2.8% in foreign-born children and 1.4% in U.S.-born
children with TB. However, the fraction of adult TB patients
in the United States that is foreign born is increasing, and such
persons are a potential source of drug-resistant infection for

their U.S.-born children.

Clinical Manifestations

Once infected, children aged <4 years and all HIV-infected
children are more likely to develop active TB disease. Usually
the clinical features of TB among HIV-infected children
are similar to those among children without HIV infection,
although the disease usually is more severe (169,170) and can
be difficult to differentiate from illnesses caused by other Ols.
Pulmonary involvement is evident in most cases and can be
characterized by localized alveolar consolidation, pneumonitis,
and hilar and mediastinal adenopathy. Concomitant atelectasis
might result from hilar adenopathy compressing bronchi or
from endobronchial granulomas. HIV-infected children with
TB are more likely to be symptomatic (with fever and cough)
and have atypical findings, such as multilobar infiltrates and
diffuse interstitial disease. Rapidly progressive disease, includ-
ing meningitis or mycobacterial sepsis, can occur without obvi-
ous pulmonary findings. Both HIV infection and young age
increase the rate of miliary disease and TB meningitis. Older
HIV-infected children and adolescents have clinical features
more similar to those in HIV-infected adults, with the typical
apical lung infiltrates and late cavitation (171). Approximately
25% of HIV-uninfected children with TB include extrapulmo-
nary disease as a sole or concomitant site, and HIV-infected
children may have an even higher rate. The most common
sites of extrapulmonary disease among children include the
lymph nodes, blood (miliary), CNS, bone, pericardium, and
peritoneum (169,172—174).

Diagnosis

The cornerstone of diagnostic methods for latent TB infec-
tion (LTBI) is the tuberculin skin test (TST), administered by
the Mantoux method. Because children with HIV infection
are at high risk for TB, annual testing of this population is
recommended to diagnose LTBI (AIII). Among persons with
HIV infection, >5 mm of induration is considered a positive
(diagnostic) reaction. However, among immunocompetent
children with active TB disease, approximately 10% have a
negative TST result, and HIV-infected children with TB are
even more likely to have a negative result. Therefore, a nega-
tive TST result should never be relied on for excluding the
possibility of TB. The use of control skin antigens at time
of purified protein derivative testing to assess for cutaneous
anergy is of uncertain value and no longer routinely recom-
mended (DII).

Sensitivity to tuberculin is reduced by severe viral infec-
tions, such as wild-type measles. As a precaution, skin testing
scheduled around the time of live-virus vaccination should
be done at the same time as, or delayed until 6 weeks after

vaccination to avoid any potentially suppressed sensitivity to
the skin test (AIII).
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Two-step skin testing is used for detecting boosted sensitivity
to tuberculin in health-care workers and others at the time of
entry into a serial testing program for occupational TB expo-
sure. The utility and predictive value of two-step testing have
not been assessed for children (with or without HIV infection),
and its use is not recommended (DIII).

Recently, ex vivo assays that determine IFN-7 release from
lymphocytes after stimulation by highly specific synthetic
M. tuberculosis antigens have been developed to diagnose infec-
tion (175). QuantiFERON®-TB Gold and QuantiFERON-TB
Gold In-Tube (Cellestis Limited, Valencia, California) and
the T-SPOT®.TB assay (Oxford Immunotec, Marlborough,
Massachusetts) are now Food and Drug Administration
(FDA)-approved and available in the United States. These
tests were more specific than the TST in studies among adults,
especially among those who are BCG vaccinated. However,
as with the TST, these tests are less sensitive in HIV-infected
adults with advanced immune suppression (176). In addition,
limited data suggest these tests, particularly QuantiFERON,
might have less sensitivity for diagnosing infection in young
children (777). Their routine use for finding LTBI or diagnos-
ing TB in HIV-infected children is not recommended because
of uncertainty about test sensitivity (DIII) (175).

Patients with a positive test for LTBI should undergo
chest radiography and clinical evaluation to rule out active
disease. Diagnostic microbiologic methods for TB consist
of microscopic visualization of acid-fast bacilli from clinical
specimens, nucleic-acid amplification for direct detection in
clinical specimens, the isolation in culture of the organism, and
drug-susceptibility testing, and genotyping. Although acid-fast
stained sputum smears are positive in 50%—70% of adults with
pulmonary TB, young children with TB rarely produce sputum
voluntarily and typically have a low bacterial load (178). Smear
results frequently are negative, even among older children who
can expectorate and provide a sample (758). Nevertheless, a
positive smear result usually indicates mycobacteria, although it
does not differentiate M. tuberculosis from other mycobacterial
species. Mycobacterial culture improves sensitivity and permits
species identification, drug-susceptibility testing, and genotyp-
ing. Confirming M. tuberculosis infection with a culture can
have greater significance for HIV-infected children because
of the difficulties of the differential diagnosis. Therefore, all
samples sent for microscopy should be cultured for mycobac-
teria. Bronchoscopy will increase the likelihood of obtaining
a positive smear and culture. Obtaining early-morning gastric
aspirates for acid-fast—bacilli stain and culture is the diagnostic
method of choice for children unable to produce sputum. A
standardized protocol that includes testing of three samples
obtained separately may improve the yield from gastric aspi-
rates to 50% (179). Others have shown the potential utility

of induced sputum (780,181) and nasopharyngeal aspirates
(182) of obtaining diagnostic specimens from children in the
outpatient setting.

Two commercial nucleic acid amplification kits are FDA
approved for direct detection of M. tuberculosis in sputum
samples with positive smear-microscopy results. One of the
methods also is approved for sputa with negative microscopy.
A positive result from these methods immediately confirms the
diagnosis. However, when these tests are used for other speci-
mens, such as gastric aspirates or CSE, sensitivity and specific-
ity have been disappointing (183—185). These assays provide
adjunctive, but not primary, diagnostic evaluation of children
with TB because a negative result does not rule out TB as a
diagnostic possibility and a positive result, unlike culture, does
not allow for drug-susceptibility testing. However, it might be
useful in establishing the diagnosis of TB among HIV-infected
children who have unexplained pulmonary disease when both
culture and TSTs may be falsely negative.

Because of the difficulty in obtaining a specimen for bac-
teriologic diagnosis of TB among children, evidence for the
diagnosis often involves linking the child to an adult with
confirmed TB with a positive TST and an abnormal radiograph
or physical examination in the child (178). A high index of
suspicion is important. Suspicion for and diagnosis of TB in
HIV-infected children is further complicated by the frequent
presence of preexisting or coincidental fever, pulmonary symp-
toms, and radiographic abnormalities (e.g., chronic lymphoid
interstitial pneumonitis or coincident pulmonary bacterial
infection) and the decreased sensitivity of TST in this popula-
tion. Strenuous efforts should be made to obtain diagnostic
specimens (three each of sputum or gastric aspirate specimens
or induced sputum) whenever TB is presumptively diagnosed
or when it is suspected.

Because many children do not have culture-proven TB,
and the diagnosis of drug resistance may be delayed in source
cases, MDR TB should be suspected in children with TB in
the following situations (90, 186—188):

* A child who is a close contact of an MDR TB patient.

* A child who is a contact with a TB patient who died while
undergoing treatment when reasons exist to suspect the
disease was MDR TB (i.e., the deceased patient was a
contact of another person with MDR TB, had poor adher-
ence to treatment, or had received more than two courses
of antituberculosis treatment).

* A child with bacteriologically proven TB who is not
responding to first-line drugs administered with direct
observation.

* A child exposed to a source case that remains smear- or
culture-positive after 2 months of directly observed first-
line antituberculosis therapy.
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* A child born in or exposed to residents of countries or
regions with a high prevalence of drug-resistant TB.

Antimycobacterial drug-susceptibility testing should be
performed on the initial M. ruberculosis isolate and on subse-
quent isolates if treatment failure or relapse is suspected; the
radiometric culture system has been adapted to perform rapid
sensitivity testing. Before obtaining results of susceptibility
testing or if an organism has not been isolated from specimens
from the child, the antimycobacterial drug susceptibility of the
M. tuberculosis isolate from and treatment history of the source
case can be used to define the probable drug susceptibility of
the child’s organism and to design the empiric therapeutic
regimen for the child.

Prevention Recommendations

Preventing Exposure

Children most commonly are infected with M. muberculosis
from exposure in their immediate environment, usually the
household. HIV-infected children may have family members
dually infected with HIV and TB. Homeless children and
children exposed to institutional settings (including prolonged
hospitalization) may be at increased risk. Risk factors (e.g.,
homelessness, incarceration, exposure to institutional set-
tings) of close contacts of HIV-infected children also should
be considered. BCG vaccine, which is not routinely admin-
istered in the United States and should not be administered
to HIV-infected infants and children, has potential to cause
disseminated disease (EII) (/89).

Preventing First Episode of Disease

In the United States, where TB exposure is uncommon and
BCG is not routinely administered, HIV-infected infants and
children should have a TST (5-T'U purified protein derivitive)
at 3 months of age, and children should be tested at HIV
diagnosis. HIV-infected children should be retested at least
once per year (AIII).

HIV-infected infants and children should be treated for LTBI
if they have a positive TST (AI) or exposure to a person who has
contagious TB (after exclusion of active TB disease in the infant
or child and regardless of the child’s TST results) (AII). Duration
of preventive therapy for children should be 9 months, and
the preferred regimen is isoniazid (10-15 mg/kg/day [AII] or
20-30 mg/kg twice weekly) [BII]). Liver function tests should
be performed before start of isoniazid (AII) for HIV-infected
children. The child should be further monitored if baseline tests
are abnormal; the child has chronic liver disease; or medications
include other potentially hepatotoxic drugs, such as acetamino-
phen and some antiretroviral drugs. If isoniazid resistance is
known or suspected in the source case, rifampin for 4-6 months
is recommended (BII). A 2-month regimen of rifampin and

pyrazinamide was never recommended for children and now
is not recommended for any age group because of an increased
risk for severe and fatal hepatotoxicity (EII). Children exposed
to drug-resistant strains should be managed by an experienced
clinician, and the regimen should be individualized on the basis
of knowledge about the source-case susceptibility pattern and
treatment history.

A randomized, double-blind, controlled trial of isoniazid
in HIV-infected children in South Africa was halted when
isoniazid administered daily or twice weekly (according to
the cotrimoxazole schedule) helped reduce overall mortality
(hazard ratio: 0.46; 95% confidence interval [CI]: 0.22-0.95;
p = 0.015) (190). These findings were found across all ages
and CDC HIV disease classification categories and were inde-
pendent of TST result; however, the study may not have been
adequately powered to detect these differences. These results
suggest that HIV-infected children in areas of extremely high
burden of TB may benefit from isoniazid preventive therapy
irrespective of any known exposure to TB, but this approach
is not recommended in the United States because of the low

prevalence of TB (DII).

Discontinuing Primary Prophylaxis

Not applicable.
Treatment Recommendations

Treatment of Disease

Empiric TB therapy should be started in HIV-infected
infants and children in whom the diagnosis is suspected and
continued until the diagnosis is definitively ruled out (AII).
The use of directly observed therapy (i.e., a trained worker,
and not a family member, watches the patient ingest each dose
of medication) decreases rates of relapse, treatment failures,
and drug resistance and is recommended for treatment of all
children and adolescents with TB in the United States (AII).
The principles for treating TB in the HIV-infected child are
the same as for the HIV-uninfected child. However, treating
TB in an HIV-infected child is complicated by antiretroviral
drug interactions with the rifamycins and overlapping tox-
icities caused by antiretroviral drugs and TB medications.
Rifampin is a potent inducer of the CYP3A family of enzymes.
Rifabutin is a less potent inducer but is a substrate of this
enzyme system.

Tables 4 and 5 provide doses and side effects of TB medica-
tions. In the absence of concurrent HAART, initial empiric
treatment of TB disease usually should consist of a four-drug
regimen (isoniazid, rifampin, pyrazinamide, and either etham-
butol or streptomycin) (Al). For the first 2 months of treat-
ment, directly observed therapy should be administered daily
(intensive phase). Modifications of therapy should be based
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on susceptibility testing, if possible. The drug-susceptibility
pattern from the isolate of the adult source case can guide
treatment when an isolate is not available from the child.
If the organism is susceptible to isoniazid, rifampin, and
pyrazinamide during the 2-month intensive phase of therapy,
ethambutol (or streptomycin) can be discontinued and the
intensive phase completed using three drugs (AI).

After the 2-month intensive phase, treatment of M. tuberculosis
known to be sensitive to isoniazid and rifampin is continued
with isoniazid and rifampin as directly observed therapy two
to three times weekly (continuation phase) (Al); daily therapy
during the continuation phase also is acceptable (AI). Children
with severe immunosuppression should receive only daily or
thrice-weekly treatment during the continuation phase because
TB treatment regimens with once- or twice-weekly dosing have
been associated with an increased rate of rifamycin resistance
among HIV-infected adults with low CD4 cell counts; thus
twice-weekly dosing should be considered only for children
without immune suppression (e.g., CDC Immunologic
Category I: CD4 >25% or >500 cells/mm? if aged >6 years)
(CIII) (98). Ethionamide can be used as an alternative to
ethambutol in cases of TB meningitis (CIII) because ethion-
amide has better CNS penetration than does ethambutol.

For HIV-infected children with active pulmonary TB dis-
ease, the minimum recommended duration of antituberculous
drug treatment is 6 months, but some experts recommend up
to 9 months (AIII) (191). For children with extrapulmonary
disease involving the bones or joints, CNS, or miliary disease,
the minimum recommended duration of treatment is 12
months (AIII) (90,192). These recommendations assume that
the organism is susceptible to the medications, adherence to
the regimen has been ensured by directly observed therapy,
and the child has responded clinically and microbiologically
to therapy.

For HIV-infected children diagnosed with TB disease, anti-
TB treatment must be started immediately (AIII). However,
treatment of TB during HAART is complicated by unfavorable
pharmacokinetic interactions and overlapping toxicities and
should be managed by a specialist with expertise in treating
both conditions (AIII). Issues to consider when treating both
conditions include 1) the critical role of rifampin because of
its potent bactericidal properties; 2) rifampin’s potent induc-
tion of the CYP3A enzyme system that precludes treatment
with all protease inhibitors (PIs) but may allow treatment with
non-nucleoside reverse transcriptase inhibitors (NNRTTIs);
3) the CYP3A induction by rifabutin is less potent but dose
adjustments of both rifabutin and possibly the Pls still may
be needed, although minimal data are available for children;
4) overlapping toxicities; and 5) the challenges of adhering to
a medication regimen that may include seven or more drugs.

Given these challenges, some experts have argued that the
role of rifamycins in treating TB is so important that deferral of
HAART should be considered until completion of TB therapy
(CIII). Others recommend that, to improve adherence and
better differentiate potential side effects, treatment of TB in an
antiretroviral naive HIV-infected child should be initiated 2—8
weeks before antiretroviral medications are initiated (CIII).
Consideration of which option to take must account for clini-
cal factors, such as clinical stage of HIV, immune status of the
child, age, ability to adhere to complicated drug regimens, and
other comorbid conditions. For severely immunocompromised
children (Immunologic Category 3) (98), earlier initiation of
HAART (e.g., 2 weeks after start of antimycobacterial therapy)
may be advisable (despite risk for IRIS), whereas delayed initia-
tion of HAART might be considered for children with higher
CD4 counts (BII).

The choice of antiretroviral regimen in an HIV-infected child
being treated for TB disease is complex, and advice should be
obtained from an expert in the treatment of these two diseases.
Starting antiretroviral therapy with a NNRTI-based rather
than a Pl-based regimen is preferred because NNRTT regi-
mens have fewer interactions with rifampin-based TB therapy
(BII). However, NNRTTs also are metabolized through the
CYP3A enzyme system, and efavirenz and nevirapine are both
CYP3A4 enzyme inducers. Efavirenz is the preferred NNRTI
in HIV-infected children aged >3 years; and nevirapine is the
preferred NNRTT for children aged <3 years, as the dosing
for efavirenz in younger children has not been defined and
no pediatric formulation exists. No data exist for children
on the pharmacokinetics of either drug in combination with
rifampin to make specific recommendations about potential
need for an increase in dose of the NNRTT. If a PI is used, a
ritonavir-boosted PI such as lopinavir/ritonavir is required.
No pharmacokinetic data are available to address whether
additional ritonavir boosting is needed in children receiving
rifampin and lopinavir/ritonavir-based regimens.

For children already receiving antiretroviral therapy in
whom TB has been diagnosed, the issues are equally compli-
cated, and require similar considerations. Treatment for TB
must be started immediately (AIII), and the child’s antiret-
roviral regimen should be reviewed and altered, if needed,
to ensure optimal treatment for both TB and HIV and to
minimize potential toxicities and drug-drug interactions.
These recommendations are limited because of the paucity
of data on the optimal dosing of medications to treat TB in
children, especially in HIV-infected children. Guidelines and
recommendations exist for dose adjustments necessary in
adults treated with rifabutin and PIs, but the absence of data
preclude extrapolating these to HIV-infected children being
treated for TB. Consultation with an expert in pediatric HIV
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and TB infection is recommended. More data are needed on
the pharmacokinetics of anti-TB medications in both HIV-
infected and HIV-uninfected children.

For treatment of drug-resistant TB, a minimum of three
drugs should be administered, including two or more bacteri-
cidal drugs to which the isolate is susceptible (AII). Regimens
can include three to six drugs with varying levels of activity.
Children infected with MDR TB (e.g., resistance to at least
isoniazid and rifampin) should be managed in consultation
with an expert in this condition (AIII). If the strain is resistant
only to isoniazid, isoniazid should be discontinued and the
patient treated with 9—12 months of a rifampin- or rifabutin-
containing regimen (e.g., rifampin, pyrazinamide, and etham-
butol) (BII). If the strain is resistant only to rifampin, risk for
relapse and treatment failure increases. Rifampin should be
discontinued, and a 2-month induction phase of isoniazid,
pyrazinamide, ethambutol, and streptomycin should be
administered, followed by an additional continuation phase
of isoniazid, pyrazinamide, and ethambutol to complete a
minimum of 12—18 months of therapy, with the exact length
of therapy based on clinical and radiologic improvement
(BIII). Among older adolescents with rifampin-monoresistant
strains, isoniazid, ethambutol, and a fluoroquinolone can
be administered, with pyrazinamide added for the first 2
months (BIII); an injectable agent (e.g., aminoglycoside such
as streptomycin or amikacin) also can be included in the first
2-3 months for patients with severe disease (BIII). When the
strain is resistant to isoniazid and rifampin (i.e., MDR TB),
therapeutic regimens must be individualized on the basis of
the resistance pattern, treatment history of the patient or the
source case, relative activities of the drugs, extent of disease,
and any comorbid conditions. The duration of therapy should
be at least 12 months—usually longer. In children who are
smear- or culture-positive at treatment initiation, therapy
usually should continue for 18-24 months after smear and
culture conversion. Among children with paucibacillary disease
(e.g., smear- and culture-negative), duration of therapy may be
shorter but should be >12 months (BIII) (90, 193).

Extensively drug-resistant TB (XDR TB) has emerged
globally as an important new threat, particularly in persons
infected with HIV (7194). XDR TB is a strain of TB resistant
to isoniazid and rifampin (which defined MDR TB) with
additional resistance to any fluoroquinolone and at least
one of three injectable drugs: capreomycin, kanamycin, and
amikacin (7195). Of the 49 cases of XDR TB identified in the
United States from 1993 to 2006, one (2%) occurred in a
child aged <15 years (195). However, this number possibly
underestimates the burden in children because many TB cases
in children are not culture-positive; thus, a definitive diagnosis
of drug resistance (including MDR or XDR) is not possible.

Children with suspected or confirmed XDR TB should be
managed in consultation with an expert because such cases
are associated with rapid disease progression in the prescence
of HIV coinfection and a high death rate.

Adjunctive treatment with corticosteroids is indicated for
children who have TB meningitis; dexamethasone lowers mor-
tality and long-term neurologic impairment (AII). These drugs
might be considered for children with pleural or pericardial
effusions, severe miliary disease, and substantial endobronchial
disease (BIII). Antituberculous therapy must be administered
concomitantly. Most experts use 1-2 mg/kg/day of prednisone
or its equivalent for 6-8 weeks.

Monitoring and Adverse Events, Including IRIS

Monthly monitoring of clinical and bacteriologic response
to therapy is important (AII). For children with pulmonary
TB, chest radiographs should be obtained after 2—-3 months of
therapy to evaluate response (AIII). Hilar adenopathy might
persist for as long as 2-3 years despite successful antituber-
culous therapy, and a normal radiograph is not a criterion to
discontinue therapy. Follow-up radiographs after completion
of therapy are not necessary unless clinical symptoms recur.

Common side effects associated with TB medications are
listed in Table 5. Isoniazid is available as syrup, but some
specialists advise against using it because the syrup is unstable
and frequently causes diarrhea (DIII). Gastric upset during
the initial weeks of isoniazid treatment occurs frequently and
often can be avoided by having some food in the stomach
when isoniazid is administered. Hepatotoxicity is the most
common serious adverse effect. It includes subclinical hepatic
enzyme elevation, which usually resolves spontaneously during
continuation of treatment, and clinical hepatitis that usually
resolves when the drug is discontinued. It rarely progresses
to hepatic failure, but the likelihood of life-threatening liver
damage increases when isoniazid is continued despite hepatitis
symptoms. Hepatotoxicity is less frequent in children than in
adults, but no age group is risk-free. Transient asymptomatic
serum transaminase elevations have been noted in 3%-10%
and clinical hepatitis in <1% of children receiving isoniazid;
<1% of children required treatment discontinuation (192,196).
However, the rate of hepatotoxicity might be greater in
children who take multiple hepatotoxic medications and in
children who have HIV infection. Pyridoxine (150 mg/day)
is reccommended for all symptomatic HIV-infected children
treated with isoniazid (AII). HIV-infected children on anti-TB
medications should have liver enzymes obtained at baseline
and monthly thereafter (AIII). If symptoms of drug toxicity
develop, a physical examination and liver enzyme measurement
should be repeated (AIII). Mild elevations in serum transami-
nases (e.g., two to three times the upper limit of normal) do not
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require discontinuation of drugs if other findings are normal
(AII), but they do require more frequent rechecks—as often
as weekly—until they resolve.

The most ominous toxicity associated with ethambutol
is optic neuritis, with symptoms of blurry vision, central
scotomata, and red-green color blindness, which is usually
reversible and rare at doses of 15-25 mg/kg among children
with normal renal function (793). Assessments of renal func-
tion, ophthalmoscopy, and (if possible) visual acuity and color
vision, should be performed before starting ethambutol and
monitored regularly during treatment with the agent (AIII).
Hypothyroidism has been associated with ethionamide and
periodic (e.g., monthly) monitoring of thyroid hormone serum
concentrations is recommended with its use (AIII).

Major adverse effects of aminoglycoside drugs are ototoxic-
ity and nephrotoxicity. Periodic audiometry, monitoring of
vestibular function (as possible), and blood urea nitrogen and
creatinine are recommended (AIII).

Secondary drugs used to treat resistant TB have not been
well studied in children. These medications should be used in
consultation with a TB specialist (AIII). Coadministration of
pyridoxine (150 mg/day) with cycloserine is recommended
(AI). Thiacetazone can cause severe and often fatal reactions
among HIV-infected children, including severe rash and aplas-
tic anemia, and should not be used (EIII).

IRIS in patients receiving anti-TB therapy during HAART
has been reported in HIV-infected adults (197-199). New
onset of systemic symptoms, especially high fever; expand-
ing CNS lesions; and worsening adenopathy, pulmonary
infiltrates, or pleural effusions have been reported in HIV-
infected adults during HAART up to several months after
the start of TB therapy. Such cases also have been reported in
children (22,192,200) and should be suspected in children
with advanced immune suppression who initiate HAART and
subsequently develop new symptoms.

IRIS occurs in two common clinical scenarios. First, in
patients who have occult TB before initiation of HAART, TB
may have been unmasked by immune recovery after antiretrovi-
ral drug initiation. This “unmasking IRIS” or incident TB-IRIS
usually occurs within the first 3-6 months after initiation of
HAART, and the infectious pathogen typically is detectable.
Secondly, IRIS can occur as paradoxical exacerbation of TB
after initiation of HAART in a patient already receiving anti-
TB treatment through a clinical recrudescence of a successfully
treated infection or symptomatic relapse despite initial clinical
improvement and continued microbiologic treatment success
(i.e., “paradoxical IRIS”); treatment failure associated with
microbial resistance or poor adherence must be ruled out.

The literature on IRIS in children consists largely of case
reports and small series, so whether IRIS occurs more often

in children than in adults is not clear. Persons with mild-to-
moderate symptoms of IRIS have been treated symptomatically
with nonsteroidal anti-inflammatory drugs while continuing
anti-TB and HIV therapies. In certain cases, use of systemic
corticosteroids steroids for 1-2 weeks results in improvement
during continuation of TB/HIV therapies (CIII) (197-199).
However, no controlled trials of the use of corticosteroids have
been published. Despite the development of IRIS, TB therapy

should not be discontinued.

Management of Treatment Failure

Most children with TB respond well to medical therapy. If
response is not good, then adherence to therapy, drug absorp-
tion, and drug resistance should be assessed. Mycobacterial
culture, drug-susceptibility testing, and antimycobacterial drug
levels should be performed whenever possible. Drug resistance
should be suspected in any child whose smear or culture fails
to convert after 2 months of directly observed anti-TB therapy.
In the absence of initial bacteriologic confirmation of disease,
failure should be suspected in children whose clinical symp-
toms (including failure to gain weight) fail to respond and who
have radiographic evidence of disease progression on therapy.
As described above, drug-resistant TB should be managed in

consultation with an expert.

Prevention of Recurrence

Risk for recurrence is rare in children with drug-susceptible
TB who are treated under direct observation. If TB recurs, the
child is at high risk for drug resistance and should be managed
accordingly.

Chronic suppressive therapy is unnecessary for a patient
who has successfully completed a recommended regimen of
treatment for TB (DII). Secondary prophylaxis is not recom-
mended for children who have had a prior episode of TB.
However, HIV-infected children who were treated for LTBI or
TB and who again contact contagious TB should be treated for
presumed latent infection, after diagnostic evalution excludes
current disease.

Discontinuing Secondary Prophylaxis

Not applicable.

Mycobacterium avium Complex
Disease

Epidemiology

Mycobacterium avium complex (MAC) refers to multiple
related species of nontuberculous mycobacteria (e.g., M. avium,
M. intracellulare, M. paratuberculosis) that are widely dis-
tributed in the environment. Comprehensive guidelines on
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the diagnosis, prevention, and treatment of nontuberculous
mycobacterial diseases were recently published (201). These
guidelines highlight the tremendous advances in laboratory
methods in mycobacteriology that have expanded the number
of known nontuberculous mycobacterial species from 50 in
1997 to 125 in 20006.

MAC was the second most common OI among children
with HIV infection in the United States after PCP during the
pre-HAART era, but its incidence has greatly decreased from
1.3—1.8 episodes per 100 person-years during the pre-HAART
era to 0.14-0.2 episodes per 100 person-years during the
HAART era (3,4). MAC is ubiquitous in the environment and
presumably is acquired by routine exposures through inhala-
tion, ingestion, or inoculation (202). A recent population-
based study in Florida of adults and children associated soil
exposure, along with black race and birth outside the United
States, with MAC infection (203). Respiratory and GI coloni-
zation can act as portals of entry that can lead to disseminated
infection (204).

MAC can appear as isolated lymphadenitis among HIV-
infected children. Disseminated infection with MAC in pedi-
atric HIV infection rarely occurs during the first year of life;
its frequency increases with age and declining CD4 count, and
it is a complication of advanced immunologic deterioration
among HIV-infected children (202,205,206). Disseminated
MAC can occur at higher CD4 cell counts among younger
HIV-infected children than among older children or adults,
especially among HIV-infected children aged <2 years.

Clinical Manifestations

Respiratory symptoms are uncommon among HIV-infected
children who have disseminated MAC, and isolated pulmonary
disease is rare. Early symptoms can be minimal and may pre-
cede mycobacteremia by several weeks. Symptoms commonly
associated with disseminated MAC infection among children
include persistent or recurrent fever, weight loss or failure to
gain weight, sweats, fatigue, persistent diarrhea, and persistent
or recurrent abdominal pain. Lymphadenopathy, hepato-
megaly, and splenomegaly can occur. Laboratory abnormalities
include anemia, leukopenia, and thrombocytopenia. Although
serum chemistries are usually normal, some children may
have elevated alkaline phosphatase or lactate dehydrogenase.
These signs and symptoms also are relatively common in the
absence of disseminated MAC among HIV-infected children

with advanced immunosuppression.
Diagnosis

Procedures used to diagnose MAC in children are the same
as those used for HIV-infected adults (16). MAC is definitively
diagnosed by isolation of the organism from blood or from

biopsy specimens from normally sterile sites (e.g., bone marrow,
lymph node). Multiple mycobacterial blood cultures over time
may be required to yield a positive result. Use of a radiometric
broth medium or lysis-centrifugation culture technique can
enhance recovery of organisms from blood.

Histology demonstrating macrophage-containing acid-fast
bacilli strongly indicates MAC in a patient with typical signs
and symptoms, but culture is essential to differentiate non-
tuberculous mycobacteria from M. tuberculosis, determine
which nontuberculous mycobacterium is causing infection,
and perform drug-susceptibility testing. Testing of MAC
isolates for susceptibility to clarithromycin or azithromycin is
recommended (BIII). The BACTEC™ method for radiometric
susceptibility testing can be used. Susceptibility thresholds
for clarithromycin are minimal inhibitory concentrations
of >32 ug/mL and a minimal inhibitory concentration of
>256 pg/mL for azithromycin (207).

Prevention Recommendations

Preventing Exposure

MAC is ubiquitous in the environment. Available infor-
mation does not support specific recommendations regarding
exposure avoidance. Person-to-person transmission is not believed
to be common.

Preventing First Episode of Disease

‘The most effective way to prevent disseminated MAC among
HIV-infected children is to preserve immune function through
use of effective antiretroviral therapy. HIV-infected children
who have advanced immunosuppression should be offered
prophylaxis against disseminated MAC disease according to
the following CD4 count thresholds (AII) (208,209):

e Children aged >6 years: <50 cells/mm?

e Children aged 2-5 years: <75 cells/mm?

e Children aged 1-2 years: <500 cells/mm?

e Children aged <1 year: <750 cells/mm?

For the same reasons that clarithromycin and azithromycin
are the preferred prophylactic agents for adults, either one
should be considered for prophylaxis in children (AII); oral suspen-
sions of both agents are commercially available in the United
States. Before prophylaxis is initiated, the child should be
evaluated for disseminated MAC disease, which should usually
include obtaining a blood culture for MAC (AIII).

Although detecting MAC in stool or respiratory tract may
precede disseminated disease, no data support initiating pro-
phylaxis in patients with detectable organisms at these sites in
the absence of a blood culture positive for MAC. Therefore,
routine screening of respiratory or GI specimens for MAC is
not recommended (DIII).
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Discontinuing Primary Prophylaxis

On the basis of both randomized controlled trials and
observational data, primary prophylaxis for MAC can be safely
discontinued in HIV-infected adults who respond to antiret-
roviral therapy with an increase in CD4 count. In a study of
discontinuing OI prophylaxis among HIV-infected children
whose CD4 percentages were >20% for those aged >6 years
and >25% for those aged 2—6 years, 63 HIV-infected children
discontinued MAC prophylaxis, and no MAC events were
observed during >2 years of follow up (46). On the basis of
both these findings and data from studies in adults, primary
prophylaxis can be discontinued in HIV-infected children
aged >2 years receiving stable HAART for >6 months and
experiencing sustained (>3 months) CD4 cell recovery well
above the age-specific target for initiation of prophylaxis (e.g.,
similar to adults, >100 cells/mm?, for children aged >6 years;
and >200 cells/mm?3 for children aged 2-5 years) (BII). No
specific recommendations exist for discontinuing MAC pro-
phylaxis in HIV-infected children aged <2 years.

Treatment Recommendations

Treatment of Disease

Disseminated MAC infection should be treated in consulta-
tion with a pediatric infectious disease specialist who has exper-
tise in pediatric HIV infection (AIII). Combination therapy
with a minimum of two drugs is recommended to prevent or
delay the emergence of resistance (AI). Monotherapy with a
macrolide results in emergence of high-level drug resistance
within weeks.

Improved immunologic status is important for controling
disseminated MAC disease; potent antiretroviral therapy
should be initiated among children with MAC disease who
are antiretroviral naive. However, the optimal time to start
HAART in this situation is unknown; many experts treat MAC
with antimycobacterial therapy for 2 weeks before starting
HAART to try to minimize IRIS, although whether this makes
a difference is unknown (CIII). For children already receiving
HAART, HAART should be continued and optimized unless
drug interactions preclude the safe concomitant use of anti-
retroviral and antimycobacterial drugs.

Doses and side effects of MAC medications are included in
tables 4 and 5. Initial empiric therapy should include two or
more drugs (AI): clarithromycin or azithromycin plus etham-
butol. Some experts use clarithromycin as the preferred first
agent (Al), reserving azithromycin for patients with substantial
intolerance to clarithromycin or when drug interactions with
clarithromycin are a concern (AII). Clarithromycin levels can
be increased by PIs and decreased by efavirenz, but no data
are available to recommend dose adjustments for children.

Azithromycin is not metabolized by the cytochrome P450
(CYP450) system; therefore, it can be used without concern
for significant drug interactions with PIs and NNRTIs.

Because a study in adults demonstrated a survival benefit
with the addition of rifabutin to clarithromycin plus etham-
butol, some experts would add rifabutin as a third drug to
the clarithromycin/ethambutol regimen (CI); however, drug
interactions should be checked carefully, and more intensive
toxicity monitoring might be warranted if such drugs are
administered concomitantly (AIII). Because rifabutin increases
CYP450 activity that leads to increased clearance of other drugs
(e.g., PIsand NNRTTs), and toxicity might increase with con-
comitant administration of drugs, other experts recommend
against using this third agent in children (CIII). Guidelines
and recommendations exist for dose adjustments necessary in
adults treated with rifabutin and PIs, but the absence of data
in children precludes extrapolating these to HIV-infected
children undergoing treatment for disseminated MAC. No
pediatric formulation of rifabutin exists, but the drug can be
administered mixed with foods such as applesauce. Safety data
are limited from use in 22 HIV-infected children (median age:
9 years) who received rifabutin in combination with two or
more other antimycobacterial drugs for treatment of MAC for
1-183 weeks; doses ranged from 4 mg/kg/dose to 18.5 mg/kg/
dose, and reported adverse effects were similar to those reported
in adults (210).

Monitoring and Adverse Events, Including IRIS

Clinically, most patients improve substantially during the
first 4-6 weeks of therapy. A repeat blood culture for MAC
should be obtained 4-8 weeks after initiation of antimyco-
bacterial therapy in patients who fail to respond clinically
to their initial treatment regimen. Improvement in fever can
be expected within 2—4 weeks after initiation of appropriate
therapy. However, for those with more extensive disease or
advanced immunosuppression, clinical response might be
delayed, and elimination of the organism from the blood might
require up to 12 weeks of effective therapy.

IRIS in patients receiving MAC therapy during HAART
has been reported among HIV-infected adults and children
(211-213). New onset of systemic symptoms, especially fever
or abdominal pain, leukocytosis, and focal lymphadenitis
(cervical, thoracic, or abdominal) associated with preexisting
but relatively asymptomatic MAC infection has occurred
after start of HAART. Before initiation of HAART among
HIV-infected children with low CD4 counts, an assessment
for MAC should be considered and treatment provided if
MAC is identified. However, recent data indicate that MAC
prophylaxis with azithromycin did not prevent IRIS (212).
Children with moderate symptoms of IRIS can be treated
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symptomatically with nonsteroidal anti-inflammatory drugs
or, if unresponsive to nonsteroidals, a short course (e.g., 4
weeks) of systemic corticosteroid therapy while continuing to
receive HAART (CIII).

Adverse effects from clarithromycin and azithromycin
include nausea, vomiting, abdominal pain, abnormal taste, and
elevations of liver transaminase levels or hypersensitivity reac-
tions. The major toxicity associated with ethambutol is optic
neuritis, with symptoms of blurry vision, central scotomata,
and red-green color blindness, which usually is reversible and
rare at doses of 15-25 mg/kg among children with normal renal
function. Assessments of renal function, ophthalmoscopy, and
(if possible) visual acuity and color vision should be performed
before starting ethambutol and monitored regularly during
treatment with the agent (AIII).

Patients receiving clarithromycin plus rifabutin should be
observed for the rifabutin-related development of leukopenia,
uveitis, polyarthralgias, and pseudojaundice. Tiny, almost
transparent, asymptomatic peripheral and central corneal
deposits that do not impair vision have been observed in some
HIV-infected children receiving rifabutin as part of a multidrug
regimen for MAC (210).

Management of Treatment Failure

Treatment failure is defined as the absence of clinical response
and the persistence of mycobacteremia after 8—12 weeks of
treatment. Repeat susceptibility testing of MAC isolates is rec-
ommended in this situation, and a new multidrug regimen of
two or more drugs not previously used and to which the isolate
is susceptible should be administered (AIII). Drugs that should
be considered for this scenario include rifabutin, amikacin, and
a quinolone. In HIV-infected adults, data from treating MAC
in HIV-uninfected patients indicate an injectable agent such as
amikacin or streptomycin should be considered (CIII) (201).
Because dosing of these agents in children can be problematic,
drug-resistant disseminated MAC should be treated with input
from an expert in this disease (AIII). Optimization of antiret-
roviral therapy is especially important adjunct to treatment for
patients in whom initial MAC therapy has failed.

Prevention of Recurrence
Children with a history of disseminated MAC should be

administered lifelong prophylaxis to prevent recurrence (AII).

Discontinuing Secondary Prophylaxis

On the basis of immune reconstitution data in adults and
data in children discontinuing primary prophylaxis, some
experts recommend discontinuation of secondary prophylaxis
in HIV-infected children aged >2 years who have completed
>12 months of treatment for MAC, who remain asymptomatic

for MAC, and who are receiving stable HAART (i.e., HAART
not requiring change for viral or immune failure) and have
sustained (>6 months) CD4 cell recovery well above the age-
specific target for initiation of primary prophylaxis (e.g., similar
to adults, >100 cells/mm?, for children aged >6 years and >200
cells/mm? for children aged 2—6 years) (CIII). Secondary pro-
phylaxis should be reintroduced if the CD4 count falls below
the age-related threshold.

Fungal Infections
Aspergillosis
Epidemiology

Aspergillus spp. are ubiquitous molds that are widespread in
soil and grow on plants and decomposing organic materials
(214); they are infrequent pathogens in HIV-infected children.
The most common species causing aspergillosis is A. fumigatus,
followed by A. flavus (215,216). Aspergillosis is rare but often
lethal in pediatric AIDS patients; the estimated incidence of
invasive aspergillosis in pediatric AIDS patients was 1.5%—-3%
before widespread use of HAART (2717-219), and invasive
aspergillosis is believed to be much less prevalent during the
post-HAART era. Specific risk factors include low CD4 count,
neutropenia, corticosteroid use, concurrent malignancy with
chemotherapy, broad-spectrum antibiotic exposure, previous
pneumonia and respiratory Ols, and HIV-related phagocytic
impairment (217,220-224).

Clinical Manifestations

Invasive pulmonary aspergillosis is the most common
presentation among HIV-infected children (223,225,226).
Other manifestations include necrotizing tracheobronchitis;
pseudomembranous tracheobronchitis; and involvement of
CNS, skin, sinuses, middle ear, and mastoid bones (21/-
221,227). Disseminated aspergillosis has been described rarely
(217,228). Invasive pulmonary aspergillosis commonly asso-
ciated with fever, cough, dyspnea, and pleuritic pain. Acute
respiratory distress and wheezing or fungal cast production can
occur with necrotizing tracheobronchitis, and stridor can occur
with laryngotracheitis (214,217,225). Aspergillus infections
of the CNS manifest as single or multiple cerebral abscesses,
meningitis, epidural abscess, or subarachnoid hemorrhage
(214). Cutaneous aspergillosis typically is associated with
contaminated adhesive tapes and arm boards used to secure
IV devices (214,217).

Diagnosis

The organism usually is not recoverable from blood (except
A. terreus) but is isolated readily from lung, sinus, brain, and
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skin biopsy specimens (217,222,229). A definitive diagnosis
requires relevant clinical signs and symptoms and the histo-
pathologic demonstration of organisms in biopsy specimens
obtained from involved sites (e.g., liver or brain). Respiratory
tract disease can be presumptively diagnosed in the absence of
a tissue biopsy if Aspergillus spp. are recovered from a respira-
tory sample, compatible signs and symptoms are present, and
no alternative diagnosis is identified (90). A serologic assay to
detect galactomannan, a molecule in the cell wall of Aspergillus
spp., is available commercially but has not been evaluated
widely in infants and children. In addition, the assay has higher
false-positive results in children (230,231). Therefore, use of
galactomannan assays for early detection of aspergillosis is not
recommended (DIII).

Radiologic examination plays an important role in diagnosis
and follow-up of invasive pulmonary aspergillosis. Chest radio-
graph demonstrates either a diffuse interstitial pneumonitis or a
localized wedge-shaped dense infiltrate representing pulmonary
infarction (214,217). Computed tomography (CT) of the chest
can be used to identify the halo sign, a macronodule surrounded
by a perimeter of ground-glass opacity, which is an early sign
of invasive pulmonary aspergillosis (232). Cavitation and air
crescent formation shown in chest CT with an aspergilloma
appear more frequently in older children and adults than in

younger children (233-236).
Prevention Recommendations

Preventing Exposutre

In HIV-infected children who are severely immunosup-
pressed or neutropenic, considerations for preventing exposure
to Aspergillus might include excluding plants and flowers from
rooms, avoiding food items such as nuts and spices that often
are contaminated, and minimizing application of nonsterile
biomedical devices and adhesive tape (214,237-239). Other
hospital environmental measures that can help prevent asper-
gillosis outbreaks include placing suitable barriers between
patient-care areas and construction sites; routinely cleaning
showerheads, hot water faucets, and air-handling systems;
repairing faulty air flow; confining patients to hospital rooms
supplied with sterile laminar airflow; and installing high-
efficiency particulate air filters (90,240-242).

Preventing First Episode of Disease

The use of chemoprophylaxis for aspergillosis is not recom-
mended in HIV-infected children because of the low incidence
of invasive disease and the unknown efficacy of prophylaxis
in children, combined with the toxicities of likely agents
(DIII) (243-245). Low-dose amphotericin B, itraconazole,
or voriconazole prophylaxis has been employed to prevent
aspergillosis, with unknown efficacy.

Discontinuing Primary Prophylaxis
Not applicable.
Treatment Recommendations

Treatment of Disease

The recommended treatment for invasive aspergillosis
is voriconazole, a second-generation triazole and synthetic
derivative of fluconazole (246-249). Data in adults have shown
voriconazole to be superior to conventional amphotericin B in
treating aspergillosis and to be associated with superior survival
(AI) (246). However, data regarding fluconazole for children
are limited (BII).

In a compassionate-use program of voriconazole that
included 42 immunocompromised children with invasive
aspergillosis, voriconazole treatment elicited a complete (43%)
or partial (45%) response (250,251). The optimal pediatric
dose of voriconazole is not yet known. Children require higher
doses (on a mg/kg body weight basis) of voriconazole than
do adults to attain similar serum concentrations. The recom-
mended dosage of voriconazole for children is 6-8 mg/kg
intravenously or 8 mg/kg orally every 12 hours for two doses,
followed by 7 mg/kg intravenously or orally twice daily (AII)
(252). For critically ill patients, parenteral administration is
recommended (AIII). Therapy is continued for >12 weeks, but
treatment duration should be individualized for each patient
according to clinical response (90). Voriconazole has not been
studied in HIV-infected children.

Voriconazole is cleared primarily through three key hepatic
microsomal CYP450 enzymes—CYP2C19, CYP2C9,
and CYP3A4—with most metabolism mediated through
CYP2C19 (253). As a result of a point mutation in the gene
encoding CYP2C19, some persons poorly metabolize voricon-
azole, and others metabolize it extensively; about 3%-5% of
whites and blacks are poor metabolizers, whereas 15%-20% of
Asians are poor metabolizers (248,253). Drug levels can be as
much as fourfold greater in persons who are poor metabolizers
than in persons who are homozygous extensive metabolizers.
Coadministration of voriconazole with drugs that are potent
CYP450 enzyme inducers can significantly reduce voriconazole
levels. Voriconazole should be used cautiously with HIV PlIs
and efavirenz because of potential interactions, and consider-
ation should be given to therapeutic drug monitoring if used
concomitantly (CIII).

Amphotericin B, either conventional or a lipid formulation
has recommendation level BIII in children (90,254). The stan-
dard amphotericin B deoxycholate dosage is 1.0-1.5 mg/kg/day.
Lipid formulations of amphotericin B allow administration of
higher dosage, deliver higher tissue concentrations of drug to
reticuloendothelial organs (e.g., lungs, liver, spleen), have fewer
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infusion-related side effects and less renal toxicity, but are more
expensive; dosing of 5 mg/kg/day is recommended.

Surgical excision of a localized invasive lesion may be
warranted, especially in sinus aspergillosis, certain cases of
pulmonary aspergillosis with impingement on great vessels or
pericardium, hemoptysis from a single focus, and erosion into
the pleural space or ribs (BIII).

Monitoring and Adverse Events, Including IRIS

The main side effects of voriconazole are reversible dose-
dependent visual disturbances that include a perception of
increased brightness and blurred vision that occurs in about
one third of patients, elevated hepatic transaminases with
higher doses, and occasional skin rash (248); as noted earlier,
adverse side effects can result from interactions with PIs. The
primary toxicities of amphotericin B include infusion-related
fever and chills and nephrotoxicity.

Patients should be monitored for adverse effects related to
antifungal agents, especially to amphotericin B. Only one case
of aspergillosis-associated IRIS has been described (255).

Management of Treatment Failure

The efficacy of antifungal therapy in invasive aspergillosis is
extremely poor. No data are available to guide recommenda-
tions for managing treatment failure. For patients in whom
treatment failed or who were unable to tolerate voriconazole,
amphotericin B should be considered (BIII). Itraconazole for
aspergillosis refractory to primary therapy with voriconazole
is not recommended because of similar mechanisms of action
and possible cross-resistance (DIII).

Caspofungin is approved for adults with invasive aspergil-
losis who do not improve or do not tolerate standard therapy,
and it can be considered for treatment failure in children,
although data on this drug are limited in children (CIII).
In a pharmacokinetic study in 39 children aged 2—12 years,
dosing on a body surface area basis was recommended over a
weight-based dosing scheme; 50 mg/m? body surface area once
daily resulted in area-under-the-curve concentrations similar
to exposure in adults receiving the standard dosage of 50 mg/
day (256). Because of limited bioavailability, caspofungin is
available only for IV use.

Combination therapy with caspofungin and voriconazole
has been studied in a small number of adults and children
with invasive aspergillosis (257-259). For salvage therapy, an
additional antifungal agent might be added to current therapy,
or combination antifungal drugs from different classes other
than the initial regimen can be used (BIII) (257,259-264).

Prevention of Recurrence

For patients with acute leukemia and immunosuppression
unrelated to HIV, continuation of antifungal therapy through-
out immunosuppression seems to be associated with a more
favorable outcome (265). However, no data are available on
HIV-infected populations, and hence no recommendations can
be made for or against secondary prophylaxis (CIII).

Discontinuing Secondary Prophylaxis

Not applicable.

Candida Infections
Epidemiology

The most common fungal infections among HIV-infected
children are caused by Candida spp. Oral thrush and diaper
dermatitis occur among 50%-85% of HIV-infected children.
Candida albicans is the most common cause of mucosal and
esophageal candidiasis. Localized disease caused by Candida is
characterized by limited tissue invasion to the skin or mucosa.
Examples of localized candidiasis include oropharyngeal and
esophageal disease, vulvovaginitis, and diaper dermatitis. Once
the organism penetrates the mucosal surface and widespread
hematogenous dissemination occurs, invasive candidiasis
ensues. This can result in candidemia, meningitis, endocarditis,
renal disease, endophthalmitis, and hepatosplenic disease.

Oropharyngeal candidiasis (OPC) continues to be one of
the most frequent Ols in HIV-infected children during the
HAART era (28% of children), with an incidence rate of
0.93 per 100 child-years (3). The incidence of esophageal
or tracheobronchial candidiasis also has decreased from 1.2
per 100 child-years during the pre-HAART era to 0.08 per
100 child-years during the HAART era (2001-2004) (1).
Candida esophagitis continues to be seen in children who are
not responding to antiretroviral therapy (266,267). Children
who develop esophageal candidiasis despite HAART may be
less likely to have typical symptoms (e.g., odynophagia and
retrosternal pain) or have concomitant OPC (268); during
the pre-HAART era, concomitant OPC occurred in 94%
of children with candida esophagitis (266). Risk factors for
esophageal candidiasis include low CD4 count (<100 cells/
mm?), high viral load, and neutropenia (<500 cells/mm?)
(1,3,266,267).

Disseminated candidiasis is infrequent among HIV-infected
children, but Candida can disseminate from the esophagus
particularly when coinfection with herpes simplex virus (HSV)
or CMV is present (228,266). Candidemia occurs in up to
12% of HIV-infected children with chronically indwelling

central venous catheters for total parental nutrition or IV
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antibiotics (267,269). Approximately 50% of reported cases of
Candida bloodstream infections in HIV-infected children are
caused by non-albicans Candida spp., including C. tropicalis,
C. pseudotropicalis, C. parapsilosis, C. glabrata, C. kruse, and
C. dubliniensis. In one study of Cambodian HIV-infected
children on HAART who had candidiasis, seven (75%) of nine
isolated C. glabrata were resistant to fluconazole, and three
(40%) of seven C. parapsilosis isolated were resistant to more
than three azole agents (270). Species-specific epidemiology
varies widely by geographic location and hospital. A substantial
number of children who develop candidemia have received
systemically absorbed oral antifungal azole compounds (e.g.,
ketoconazole or fluconazole) for control of oral and esophageal
candidiasis (267). Early detection and treatment of candidemia
can decrease mortality. Overall mortality was 90% in one
study in children who had >14 days of fever and symptoms
before diagnosis of disseminated infection with Candida spp.
(229).

Clinical Manifestations

Clinical manifestations of OPC vary and include pseudomem-
branous (thrush) and erythematous (atrophic), hyperplastic
(hypertrophic), and angular cheilitis. Thrush appears as creamy
white curdlike patches with inflamed underlying mucosa that
is exposed after removal of the exudate. It can be found on
the oropharyngeal mucosa, palate, and tonsils. Erythematous
OPC is characterized by flat erythematous lesions on the
mucosal surface. Hyperplastic candidiasis comprises raised
white plaques on the lower surface of the tongue, palate, and
buccal mucosa and cannot be removed. Angular cheilitis occurs
as red fissured lesions in the corners of the mouth.

Esophageal candidiasis often presents with odynophagia,
dysphagia, or retrosternal pain, and unlike adults, a substantial
number of children experience nausea and vomiting. Therefore,
children with esophageal candidiasis might present with
dehydration and weight loss. Evidence of OPC can be absent
among children with esophageal candidiasis, particularly those
receiving HAART.

New-onset fever in an HIV-infected child with advanced dis-
ease and a central venous catheter is the most common clinical
manifestation of candidemia. Renal candidiasis presents with
candiduria and ultrasonographically demonstrated renal paren-
chymal lesions, often without symptoms related to renal disease
(267). Candidemia can lead to endogenous endophthalmitis,
and ocular examination by an ophthalmologist is warranted
in children with bloodstream Candida infection.

Diagnosis

Oral candidiasis can be diagnosed by a potassium hydroxide
preparation and culture with microscopic demonstration of

budding yeast cells in wet mounts or biopsy specimens. For
recurrent or refractory OPC, cultures with in vitro susceptibil-
ity testing can be used to guide antifungal treatment (271).

Esophageal candidiasis has a classic cobblestoning appear-
ance on barium swallow. In refractory symptomatic cases,
endoscopy should be performed to rule out other causes of
refractory esophagitis (e.g., HSV, CMV, MAC, and azole-
resistant Candida spp.). Endoscopy might show few small white
raised plaques to elevated confluent plaques with hyperemia
and extensive ulceration.

Candidemia is best diagnosed with blood cultures using
lysis-centrifugation techniques (26) or automated broth-based
systems (272). When candidemia is present, depending on
clinical suspicions, retinal examination for endophthalmitis,
abdominal CT or ultrasound for hepatic or renal involvement,
and bone scans for osteomyelitis can be considered.

New diagnostic techniques such as the urine D-arabinitol/
L-arabinitol ratio (273), serum D-arabinitol/creatinine ratio
(274), Candida antigen mannan (275), (1,3)-beta-D-gulcan
assay (276), and real time PCR (277) are promising diagnostic
alternatives under development for early diagnosis of invasive
candidiasis in children, but none of these assays have been
validated for use in children.

Prevention Recommendations

Prevention of Exposure

Candida organisms are common commensals on mucosal
surfaces in healthy persons, and no measures are available to
reduce exposure to these fungi.

Preventing First Episode of Disease

Routine primary prophylaxis of candidiasis among HIV-
infected infants and children is not indicated, given the low
prevalence of serious Candida infections (e.g., esophageal,
tracheobronchial, disseminated) during the HAART era and
the availability of effective treatment (DIII). Concerns exist
about the potential for resistant Candida strains, drug interac-
tions between antifungal and antiretroviral agents, and lack of
randomized controlled trials in children (278).

Discontinuing Primary Prophylaxi
Not applicable.

Treatment Recommendations

Treatment of Disease

Oropharyngeal candidiasis

Early, uncomplicated infection can be effectively treated with
topical therapy using clotrimazole troches or oral polyenes
(such as nystatin or amphotericin B suspension) (BII) (279).
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Troches should not be used in infants (DIII). Resistance to
clotrimazole can develop as a consequence of previous exposure
to clotrimazole itself or to other azole drugs; resistance cor-
relates with refractory mucosal candidiasis (280).

Systemic therapy with one of the oral azoles (e.g., flucon-
azole, ketoconazole, or itraconazole) also is effective for initial
treatment of OPC (281,282). Oral fluconazole is more effec-
tive than nystatin suspension for initial treatment of OPC
in infants; is easier to administer to children than the topical
therapies; and is the recommended treatment if systemic
therapy is used (AI) (281,283).

Itraconazole solution has comparable efficacy to fluconazole
and can be used to treat OPC, although it is less well tolerated
than fluconazole (AI) (284). Gastric acid enhances absorp-
tion of itraconazole solution; itraconazole solution should be
taken without food when possible. Itraconazole capsules and
oral solution should not be used interchangeably because, at
the same dose, drug exposure is greater with the oral solution
than with capsules and absorption of the capsule formulation
varies. Ketoconazole absorption also varies, and therefore nei-
ther itraconazole capsules nor ketoconazole are recommended

for treating OPC if fluconazole or itraconazole solutions are
available (DII).

Esophageal disease

Systemic therapy is essential for esophageal disease (AI) and
should be initiated empirically among HIV-infected children
who have OPC and esophageal symptoms. In most patients,
symptoms should resolve within days after the start of effective
therapy. Oral or IV fluconazole or oral itraconazole solutions,
administered for 14-21 days, are highly effective for treatment
of Candida esophagitis (AI) (285). For treatment of OPC,
ketoconazole and itraconazole capsules are not recommended
because of variable absorption and lower efficacy (DII).

Voriconazole, a newer azole antifungal, or caspofungin,
an echinocandin inhibitor of fungal (1,3)-beta-D-glucan
synthetase that must be administered intravenously because
of limited bioavailability, also are effective in treating esopha-
geal candidiasis in HIV-infected adults (BI) (286-288), but
there is little experience with use of these drugs in children.
Voriconazole has been used in a limited number of children
without HIV infection to treat invasive fungal infections,
including esophageal candidiasis or candidemia (257,268).
Usually children have been initiated on voriconazole intrave-
nously and then switched to oral administration to complete
therapy after stabilization. The optimal pediatric dose of vori-
conazole is not yet known; children require higher doses (on
a mg/kg body weight basis) than do adults to attain similar
serum concentrations of voriconazole. The recommended
voriconazole dosage for children is 6-8 mg/kg intravenously

or 8 mg/kg orally every 12 hours (AII) (252,253). A phar-
macokinetic study of caspofungin in immunocompromised
children aged 2—17 years without HIV infection demonstrated
that 50 mg/m? body surface area/day (70 mg/day maximum)
provides comparable exposure to that obtained in adults
receiving a standard 50-mg daily regimen (256). Because of
limited experience with both of these drugs in children, data
are insufficient to recommend use of voriconazole or caspo-
fungin for esophageal or disseminated candidiasis as first-line

therapy (CIII).

Invasive disease

Central venous catheters should be removed when feasible in
HIV-infected children with candidemia (AII) (267,271).

Conventional amphotericin B (sodium deoxycholate com-
plex) is the drug of choice for most invasive Candida infections
in children, administered once daily intravenously over 1-2
hours (AI). In children who have azotemia or hyperkalemia
or are receiving high doses (>1 mg/kg), a longer infusion time
of 3—6 hours is recommended (BIII) (289). In children with
life-threatening disease, the target daily dose of amphotericin B
should be administered from the beginning of therapy (BIII).
Duration of therapy in treating candidemia should be deter-
mined by the presence of deep tissue foci, clinical response, and
presence of neutropenia. Children at high risk for morbidity
and mortality should be treated until 2—3 weeks after the last
positive blood culture and until signs and symptoms of infec-
tion have resolved (AIII) (279). Among children with per-
sistent candidemia despite appropriate therapy, investigation
for a deep tissue focus of infection should be conducted (e.g.,
echocardiogram, renal or abdominal ultrasound). Flucytosine
has been used in combination with amphotericin B in some
children with severe invasive candidiasis, particularly in those
with CNS disease (CIII), but it has a narrow therapeutic
index.

Fluconazole has been used as an alternative to amphotericin
B to treat invasive disease in children who have not recently
received azole therapy (AI) (279). Treatment of invasive can-
didiasis requires higher doses of fluconazole than are used
for mucocutaneous disease. Alternatively, an initial course
of amphotericin B therapy can be administered and then
carefully followed by completion of a course of fluconazole
therapy (BIII). Species identification is necessary when using
fluconazole because of intrinsic drug resistance among certain
Candida spp. (e.g., C. krusei and C. glabrata). Fluconazole
administered to children at 12 mg/kg/day provides exposure
similar to standard 400 mg daily dosing in adults. Clearance
in older adolescents can be similar to adults, so dosing above
600 mg/day should be employed with caution (290).
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Antifungal agents in the echinocandin class, including
caspofungin, micafungin, and anidulafungin, have been
studied in adults with HIV infection, neutropenic children
at risk for fungal infections, and children with documented
candidiasis (258,291-296). Because of limited experience
in children and no data in HIV-infected children, data are
insufficient to recommend these drugs as first-line agents for
invasive candidiasis in children (CIII). Data are limited on
the use of caspofungin in children with systemic candidiasis.
A retrospective report in which caspofungin was administered
to 20 children aged <16 years who had invasive fungal infec-
tions (seven had invasive candidiasis) but not HIV infection,
the drug was efficacious and well tolerated (258). In a study
of 10 neonates with persistent and progressive candidiasis and
unknown HIV status, caspofungin was reported to be an effec-
tive alternative therapy (294). Micafungin has been studied
in HIV-uninfected, neutropenic children at risk for invasive
fungal infections. This drug demonstrates dose-proportional
pharmacokinetics and an inverse relation between age and
clearance suggesting a need for increased dosage in the young
child (295). A study of 19 Japanese HIV-uninfected children
aged <15 years who had confirmed invasive fungal infections,
such as candidiasis, showed that plasma concentration of
micafungin dosed at 3 mg/kg body weight was similar to that
in adults administered 150 mg per dose (297). Micafungin was
administered to premature infants receiving antifungal therapy
for a suspected invasive fungal infection. Clearance of the drug
in neonates was more than double that in older children and
adults (296). Dosages of 10-15 mg/kg/day have been studied
in premature neonates, resulting in area-under-the-curve val-
ues consistent with an adult dosage of 100-150 mg/day. One
pharmacokinetic study of anidulafungin in HIV-uninfected
neutropenic children aged 2-17 years showed drug concen-
trations at 0.75 mg/kg per dose and 1.5 mg/kg per dose were
similar to drug concentrations in adults with 50 mg per dose
and 100 mg per dose, respectively (298).

Data in adults are limited on use of combination antifungal
therapy for invasive candidal infections; combination ampho-
tericin B and fluconazole resulted in more frequent clearance
of Candida from the bloodstream but no difference in mor-
tality (299). Data are insufficient to support the routine use
of combination therapy in children with invasive candidiasis

(DIII) (249).

Monitoring and Adverse Events, Including IRIS

No adverse effects have been reported with the use of oral
nystatin for treatment of oral candidiasis, but bitter taste might
contribute to poor adherence.

The azole drugs have relatively low rates of toxicity, but
because of their ability to inhibit the CYP450-dependent

hepatic enzymes (ketoconazole has the strongest inhibi-
tory effect) they can interact substantially with other drugs
undergoing hepatic metabolism. These interactions can result
in decreased plasma concentration of the azole because of
increased metabolism induced by the coadministered drug or
development of unexpected toxicity from the coadministered
drug because of increased plasma concentrations secondary to
azole-induced alterations in hepatic metabolism. The potential
for drug interactions, particularly with antiretroviral drugs
such as PIs, should be carefully evaluated before initiation of
therapy (AIII).

The most frequent adverse effects of the azole drugs are GI,
including nausea and vomiting (10%—40% of patients). Skin
rash and pruritus might occur with all drugs; rare cases of
Stevens-Johnson syndrome and alopecia have been reported
with fluconazole therapy. All drugs are associated with asymp-
tomatic increases in transaminases (1%-13% of patients) and,
less frequently, hepatitis. Hematologic abnormalities have been
reported with itraconazole, including thrombocytopenia and
leukopenia. Of the azoles, ketoconazole is associated with
the highest frequency of side effects. Its use has been associ-
ated with endocrinologic abnormalities related to steroid
metabolism, including adrenal insufficiency and gynecomastia,
hemolytic anemia, and transaminitis. Dose-related, reversible
visual changes (e.g., photophobia and blurry vision) have been
reported in approximately 30% of patients receiving vori-
conazole (300). Cardiac arrhythmias and renal abnormalities
including nephritis and acute tubular necrosis also have been
reported with voriconazole use.

Ampbhotericin B deoxycolate undergoes renal excretion as
inactive drug. Adverse effects of amphotericin B are primarily
nephrotoxicity, defined by substantial azotemia from glom-
erular damage, and can be accompanied by hypokalemia
from tubular damage. Nephrotoxicity is exacerbated by use of
concomitant nephrotoxic drugs. Permanent nephrotoxicity is
related to cumulative dose. Nephrotoxicity can be ameliorated
by hydration before amphotericin B infusion. Infusion-related
fevers, chills, nausea, and vomiting occur less frequently in
children than in adults. Onset occurs usually within 1-3
hours after the infusion is started, typical duration is <1 hour,
and the febrile reactions tend to decrease in frequency over
time. Pretreatment with acetaminophen or diphenhydramine
might alleviate febrile reactions. Idiosyncratic reactions, such
as hypotension, arrhythmias, and allergic reactions, including
anaphylaxis, occur less frequently. Hepatic toxicity, throm-
bophlebitis, anemia, and rarely neurotoxicity (manifested as
confusion or delirium, hearing loss, blurred vision, or seizures)
also can occur.

In approximately 20% of children, lipid formulations of
amphotericin B can cause acute, infusion-related reactions,
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including chest pain; dyspnea; hypoxia; severe pain in the
abdomen, flank, or leg; or flushing and urticaria. Compared
with infusion reactions with conventional amphotericin B,
most (85%) of the reactions to the lipid formulations occur
within the first 5 minutes after infusion and rapidly resolve
with temporary interruption of the amphotericin B infusion
and administration of IV diphenhydramine. Premedication
with diphenhydramine can reduce the incidence of these
reactions.

Flucytosine has considerable toxicity: adverse effects on the
bone marrow (e.g., anemia, leukopenia, thrombocytopenia),
liver, GI tract, kidney, and skin warrant monitoring of drug
levels and dose adjustment to keep the level at 4060 pg/mL.
Drug levels should be monitored, especially in patients with
renal impairment. High levels can result in bone marrow sup-
pression. The drug should be avoided in children who have
severe renal impairment (EIII).

The echinocandins have an excellent safety profile. In a
retrospective evaluation of 25 immunocompromised chil-
dren who received caspofungin, the drug was well tolerated,
although three patients had adverse events potentially related
to the drug (hypokalemia in all three children, elevated
bilirubin in two, and decreased hemoglobin and elevated
alanine aminotransferase in one) (256). In this study, children
weighing <50 kg received 0.8—1.6 mg/kg body weight daily,
and those weighing >50 kg received the adult dosage. In the
pharmacokinetic study of 39 children who received caspo-
fungin at 50 mg/m? body surface area/day, five (13%) patients
experienced one or more drug-related clinical adverse events,
including one patient each with fever, diarrhea, phlebitis, pro-
teinuria, and transient extremity rash. Two patients reported
one or more drug-related laboratory adverse events, including
one patient each with hypokalemia and increased serum aspar-
tate transaminase. None of the drug-related adverse events in
this study were considered serious or led to discontinuation
of caspofungin (256).

IRIS associated with Candida infection has not been
described in children. However, evidence suggests that can-
didiasis occurs with increased frequency in adults during the
first 2 months after initiation of HAART, except for candidal
eosophagitis (301).

Management of Treatment Failure

Oropharyngeal and esophageal candidiasis

If OPC initially is treated topically, failure or relapse should
be treated with oral fluconazole or itraconazole cyclodextrin
oral solution (Al) (284,302).

Approximately 50%-60% of patients with fluconazole-
refractory OPC and 80% of patients with fluconazole-

refractory esophageal candidiasis will respond to itraconazole
solution (AII) (303,304). Posaconazole is a second-generation
orally bioavailable triazole that has been effective in HIV-
infected adults with azole-refractory OPC or esophageal
candidiasis (305). However, experience in children is limited,
and an appropriate pediatric dosage has not been defined;
thus data in children are insufficient to recommend its use in
HIV-infected children (CIII) (306,307).

Amphotericin B oral suspension at 1 mL four times daily of
a 100-mg/mL suspension sometimes has been effective among
patients with OPC who do not respond to itraconazole solution;
however, this product is not available in the United States (CIII)
(304). Low-dose IV amphotericin B (0.3-0.5 mg/kg/day) has
been effective in children with refractory OPC or esophageal
candidiasis (BII) (279,304,308,309).

Experience is limited with the use of echinocandins in the
treatment of azole-refractory OPC or esophageal candidiasis
in children (with or without HIV infection); however, given
their excellent safety profile, the echinocandins (306) could
be considered for treatment of azole-refractory esophageal

candidiasis (CIII).

Invasive disease

Amphotericin B lipid formulations have a role among
children who are intolerant of amphotericin B, have dis-
seminated candidal infection that is refractory to conventional
amphotericin B, or are at high risk for nephrotoxicity because
of preexisting renal disease or use of other nephrotoxic drugs
(BII). Although lipid formulations appear to be at least as
effective as conventional amphotericin B for treating serious
fungal infections (310,311), the drugs are considerably more
expensive than conventional amphotericin B. Two lipid formu-
lations are used: amphotericin B lipid complex and liposomal
amphotericin B lipid complex. Experience with these prepara-
tions among children is limited (254,312,313).

For invasive candidiasis, amphotericin B lipid complex is
administered as 5 mg/kg body weight intravenously once
daily over 2 hours (254,312,314). Amphotericin B liposome
is administered intravenously as 3—5 mg/kg body weight once
daily over 1-2 hours. Duration of therapy is based on clinical
response; most patients are treated for at least 2—4 weeks.

The role of the echinocandins in invasive candidiasis has not
been well studied in HIV-infected children. However, invasive
candidiasis associated with neutropenia in patients undergoing
bone marrow transplantation has been treated successfully with
this class of antifungals. These agents should be considered in
the treatment of invasive candidiasis but reserved as alternative,
second-line therapy to currently available treatment modali-

ties (CIII).
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Prevention of Recurrence

Secondary prophylaxis of recurrent OPC usually is not
recommended because 1) the treatment of recurrence is typi-
cally effective, 2) the potential exists for the development of
resistance and drug interactions, and 3) additional rounds of
prophylaxis are costly (DIII). Immune reconstitution with
HAART in immunocompromised children should be a priority
(ATII). However, if recurrences are severe, data on HIV-infected
adults with advanced disease on HAART suggest that sup-
pressive therapy with systemic azoles, either with oral fluconazole
(BI) or with itraconazole solution (CI), can be considered (315).
Potential azole resistance should be considered when long-term
prophylaxis with azoles is considered.

Data on HIV-infected adults suggest that, in children with
fluconazole-refractory OPC or esophageal candidiasis who
responded to voriconazole or posaconazole therapy or to
echinocandins, continuing the effective drug as secondary
prophylaxis can be considered because of high relapse rate until
HAART produces immune reconstitution (CIII).

Discontinuing Secondary Prophylaxis

In situations where secondary prophylaxis is instituted, no
data exist on which to base a recommendation regarding dis-
continuation. On the basis of experience with HIV-infected
adults with other Ols, discontinuation of secondary prophy-
laxis can be considered when the CD4 count or percentage has
risen to CDC Immunologic Category 2 or 1 (CIII) (98).

Coccidioidomycosis
Epidemiology

Coccidioidomycosis is caused by the endemic dimorphic
fungus, Coccidioides spp. Two species, Coccidioides posadasii
and C. immitis, have been identified using molecular and bio-
geographic characteristics. C. immitis appears to be confined
mainly to California; C. posadasii is more widely distributed
through the southwestern United States, northern Mexico,
and Central and South America. Most reported infections in
these areas represent new infections. Clinical illnesses caused by
each are indistinguishable. Infection results from inhalation of
spores produced by the fungal form in arid environments with
hot summers preceded by rainy seasons (316,317). Infections
in regions in which coccidioidomycosis is not endemic usually
result from reactivation of a previous infection. Contaminated
fomites, such as dusty clothing or agricultural products, also
have been implicated as sources of infection (318).

Preexisting impairment of cellular immunity is a major risk
factor for severe primary coccidioidomycosis or relapse of past
infection. In HIV-infected adults, both localized pneumonia

and disseminated infection usually are observed in persons
with CD4 counts <250 cells/mm? (319,320). The threshold
for risk in HIV-infected children has not been determined;
systemic fungal infection has occurred when CD4 counts
were <100 cells/mm3 and with CD4 <15%, both indicative
of severe immunosuppression (,15). Although no cases of
coccidioidomycosis Ol were reported in HIV-infected children
from the Perinatal AIDS Collaborative Transmission Study,
the study sites are not representative of the areas endemic for
coccidioidomycosis (4). Data are limited in children, but in
adults, HAART appears to be responsible for the declining
incidence of coccidioidomycosis (321).

Clinical Manifestations

Immunocompromised persons and previously healthy
blacks, Hispanics, and Filipinos with coccidioidomycosis are
at increased risk for dissemination, as are pregnant women
who acquire coccidioidal infection during the second or
third trimester. Clinical manifestations of coccidioidomyco-
sis in HIV-infected adults are well described. Among these
are diffuse pulmonary disease; focal pneumonitis in less
immunocompromised patients; extrathoracic dissemination
to meninges, lymph nodes, or liver; fever and weight loss syn-
drome with positive serologies; and the asymptomatic person
with positive serologic tests (320). If untreated, a coccidioidal
antibody-seropositive, HIV-infected person is at risk for seri-
ous disease. Bone and joint involvement is rarely observed in
HIV-infected patients (321,322).

Children with primary pulmonary infection may present
with fever, malaise, and chest pain. The presence of cough
varies, and hemoptysis is rare. Persistent fever may be a sign of
dissemination to extrathoracic sites. Children with meningitis
may present with headaches, altered sensorium, vomiting,
and focal neurologic deficits. Fever is sometimes absent, and
meningismus occurs in 50% of patients. Hydrocephalus is
common and may occur early. Generalized lymphadenopathy,
skin nodules or ulcers, peritonitis, and liver abnormalities also
may accompany disseminated disease.

Diagnosis

Because signs and symptoms are nonspecific, coccidioidomyco-
sis should be considered strongly in regions where it is endemic.
Coccidioidomycosis also has been reported in regions where it is
not endemic, and diagnostic evaluations should be considered in
those areas as well.

In patients with meningitis, the CSF shows moderate hypo-
glycorrhachia, elevated protein concentration, and pleocytosis
with a predominance of mononuclear cells. CSF eosinophilia
has been reported.
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The observation of distinctive spherules containing endospores
in histopathologic tissue or clinical specimens is diagnostic.
However, stains of CSF in patients with meningitis usually
are negative. Pyogranulomatous inflammation with endospo-
rulating spherules is seen readily with hematoxylin and eosin.
Spherules can be observed using cytologic staining methods,
such as Papanicolau and Gomori methenamine silver nitrate
stains. However, cytologic stains are less useful for diagnos-
ing pulmonary coccidioidomycosis than for diagnosing
Pneumocystis jirovecii, and a negative cytologic stain on a clinical
respiratory specimen does not rule out possible active pulmo-
nary coccidioidomycosis (322). Potassium hydroxide stains are
less sensitive and should not be used (DIII) (322).

Growth of Coccidioides spp. is supported by many conven-
tional laboratory media used for fungal isolation at 30°C-37°C
(86°F-99°F) with growth occurring within 5 days (322).
However, blood cultures are positive in <15% of cases and
<50% of CSF from children with meningitis will have a positive
culture (322). In contrast, cultures of respiratory specimens are
frequently positive in cases of pulmonary coccidioidomycosis
in adults.

Although serologic assays that detect coccidioidal-specific
antibody are valuable noninvasive aides in diagnosis, nega-
tive assays cannot be used to exclude the diagnosis in the
immunocompromised host. In the latter instance, detection
of coccidioidin or cross-reacting antigens are important
diagnostic tests, especially in severe manifestations of disease.
Assays for coccidioidal antibody in serum or body fluids such
as CSF provide valuable diagnostic and prognostic informa-
tion. Cross-reactivity may occur with other endemic mycoses.
The presence of IgM-specific coccidioidal antibody suggests
active or recent infection. The complement fixation (CF) assay
detects IgG-specific antibody. CF titers become undetectable
in several months if the infection resolves. Standardized CF
titers >1:16 directly correlate with the presence and severity of
extrapulmonary dissemination. Serologic tests may be falsely
negative in severely immunosuppressed HIV-infected children.
CF antibody is present in the CSF of 95% of patients with
coccidioidal meningitis, but serial testing may be needed to
demonstrate this. Titers decline during effective therapy.

Prevention Recommendations

Preventing Exposure

Although HIV-infected persons residing in or visiting regions
in which coccidioidomycosis is endemic cannot completely avoid
exposure to Coccidioides spp., exposure risk can be reduced by
avoiding activities that predispose to inhalation of spores.
Such activities include disturbing contaminated soil, excavat-
ing archaeologic sites, and being outdoors during dust storms.

If such activities are unavoidable, use of respiratory filtration
devices should be considered.

Preventing First Episode of Disease

No prospective studies have been published that examine the
role of primary prophylaxis to prevent development of active
coccidioidomycosis. Although some experts would provide
primary prophylaxis with an azole (e.g., fluconazole) to coc-
cidioidal antibody-positive HIV-infected patients living in
regions with endemic coccidioidomycosis, others would not
(322). Some experts would consider chemoprophylaxis for
coccidioidal antibody-positive HIV-infected persons consid-
ered at higher risk for active disease, including blacks, persons
with unreconstituted cellular immunity with CD4 counts
<250 cells/mm?3, and persons with a history of thrush (CII)
(323). However, given the low incidence of coccidioidomycosis
in pediatric HIV-infected patients, possibility of drug interac-
tions, potential antifungal drug resistance, and cost, routine
use of antifungal medications for primary prophylaxis of coc-
cidioidial infections in children is not recommended (DIII).

Routine skin testing of HIV-infected patients with coc-
cidioidin (spherulin) does not predict infection and should
not be performed (EIII).

Discontinuing Primary Prophylaxis
Not applicable.

Treatment Recommendations

Treatment of Disease

All HIV-infected patients in whom clinically active coccid-
ioidomycosis is diagnosed should be offered antifungal therapy.
Treatment protocols for HIV-infected children are based on
experience with adults in nonrandomized open-label studies.
Physicians who infrequently treat children with coccidioidomy-
cosis should consider consulting with experts.

Because the critical factor in controlling coccidioidomycosis
is cellular immune function, effective antiretroviral therapy
also is important in treating disease and should be instituted
contemporaneously with the initiation of antifungal therapy,
if possible.

Diffuse pulmonary or disseminated infection should be
treated with amphotericin B deoxycholate at 0.5-1.0 mg/kg/day
(AII). Amphotericin B treatment is continued until clinical
improvement is observed. The dose and duration of amphot-
ericin B depend on the severity of the symptoms, toxicity, and
rapidity of response. Total doses of amphotericin B deoxy-
cholate in adults have ranged from 10 mg/kg to 100 mg/kg.
Thereafter, amphotericin B can be discontinued and treat-
ment with fluconazole or itraconazole begun (BIII). Some
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experts initiate therapy with amphotericin B combined with
a triazole, such as fluconazole, in patients with disseminated
severe disease and continue the triazole after amphotericin B
is stopped (BIII) (322,324). Total duration of therapy should
be >1 year (322).

No clinical evidence supports greater efficacy of the lipid
formulations of amphotericin B than of deoxycholate. However,
they are preferred when nephrotoxicity is of concern (BI). A dos-
age of 5 mg/kg/day is recommended for amphotericin B lipid
complex and 3—5 mg/kg/day for liposomal amphotericin B.

For patients with mild disease (such as focal pneumonia),
monotherapy with fluconazole or itraconazole is appropriate
given their safety, convenient oral dosing, and pharmacody-
namic parameters (BII). Thus, fluconazole (5-6 mg/kg/dose
twice daily) or itraconazole (5-10 mg/kg/dose twice daily for 3
days followed by 2—5 mg/kg/dose twice daily) are alternatives
to amphotericin B for children who have mild, nonmeningitic
disease (BIII). In a randomized, double-blind trial in adults,
fluconazole and itraconazole were equivalent in treating non-
meningeal coccidioidomycosis. However, itraconazole tended
to be superior for skeletal infections (AI) (325).

Treatment of coccidioidal meningitis requires an antifun-
gal agent that achieves high CSF concentrations; thus, IV
amphotericin B should not be used (EII). The relative safety
and comparatively superior ability of fluconazole to penetrate
the blood-brain barrier have made it the azole of choice for
coccidioidal meningitis (AII). An effective dose of fluconazole
in adults is 400 mg/day (AII), but some experts begin therapy
with 800—-1000 mg/day (BIII) (324). Children usually receive
5-6 mg/kg/dose twice daily (800 mg/day maximum) (AII)
(9). Dosages as high as 12 mg/kg/day have been used (CII)
(326). This dosage is required to achieve serum concentrations
equivalent to the adult dosage of 400 mg/day (249).

Monitoring and Adverse Events, Including IRIS

In addition to monitoring the patient for clinical improve-
ment, monitoring coccidioidal IgG antibody titers by the com-
plement fixation methodology is useful in assessing response
to therapy. Titers should be obtained every 12 weeks (AIII). If
therapy is succeeding, titers should decrease progressively, and
a rise in titers suggests recurrence of clinical disease. However,
if serologic tests initially were negative, titers during effective
therapy may increase briefly and then decrease (322). This lag
in response during the first 1 or 2 months of therapy should
not be construed as treatment failure.

Adverse effects of amphotericin B are primarily nephrotoxic-
ity. Infusion-related fevers, chills, nausea, and vomiting also
can occur, although they are less frequent in children than
in adults. Lipid formulations of amphotericin B have lower
rates of nephrotoxicity. Hepatic toxicity, thrombophlebitis,

anemia, and rarely neurotoxicity (manifested as confusion
or delirium, hearing loss, blurred vision, or seizures) also can
occur (see discussion on monitoring and adverse events in
Candida infection).

Triazoles can interact with CYP450-dependent hepatic
enzymes, and the potential for drug interactions should
be evaluated carefully before initiation of therapy (AIII).
Fluconazole and itraconazole appear to be safe in combination
with antiretroviral therapy. Voriconazole should be avoided in
patients receiving HIV PIs or NNRTIs (320). The most fre-
quent adverse effects of fluconazole are GI, including nausea
and vomiting. Skin rash and pruritis might be observed, and
rare cases of Stevens-Johnson syndrome have been reported.
Asymptomatic increases in transaminases occur in 1%-13%
of patients receiving azole drugs. In HIV-infected patients, flu-
conazole at high doses can cause adrenal insufficiency (327).

Coccidioidomycosis disease in response to IRIS has not been
described in children.

Management of Treatment Failure

Clinical information is limited about new therapeutic agents.
Posaconazole was effective in six patients with disease refrac-
tory to treatment with azoles and amphotericin B (328).
Voriconazole was effective in treating coccidioidal meningitis
and nonmeningeal disseminated disease in patients who did
not respond to fluconazole or were intolerant of amphot-
ericin B (329,330). Caspofungin alone successfully treated
disseminated coccidioidomycosis in a renal transplant patient
intolerant of fluconazole and in persons in whom conventional
therapy failed (331,332). Others have used caspofungin in
combination with fluconazole (333).

Adjunctive interferon-gamma was successfully used in a criti-
cally ill adult with respiratory failure who did not respond to
amphotericin B preparations and fluconazole (334). However,
no controlled clinical studies or data exist for children; thus, it is
not recommended for use in HIV-infected children (DIII).

Patients with coccidioidal meningitis who do not respond to
treatment with the azoles might improve with both systemic
amphotericin B and direct instillation of amphotericin B into
the intrathecal, ventricular, or intracisternal spaces with or
without concomitant azole treatment (CI) (325,326). The
basilar inflammation characteristic of coccidioidal meningitis
commonly results in obstructive hydrocephalus, necessitating
placement of a CSF shunt. Development of hydrocephalus
in coccidioidal meningitis does not necessarily indicate treat-
ment failure.

Prevention of Recurrence

Relapse can occur in as many as 33% of patients with dis-
seminated coccidioidomycosis, even in the absence of HIV
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infection, so lifelong antifungal suppression with either flucon-
azole or itraconazole is recommended for HIV-infected chil-
dren who have coccidioidomycosis (AIl) (322,324,335-337).
In coccidioidal meningitis, response rates to the azoles can
be excellent, but cures are infrequent, and relapse after cessa-
tion of therapy is common, occurring in as many as 80% of
patients (338). Thus, indefinite continuation of fluconazole
therapy is recommended in patients who have coccidioidal
meningitis (AII).

Discontinuing Secondary Prophylaxis

As with other disseminated fungal infections, continued
suppressive therapy with fluconazole or itraconazole is rec-
ommended after completion of initial therapy. Patients with
diffuse pulmonary disease, disseminated disease, or meningitic
disease should remain on lifelong prophylaxis—even if immune
reconstitution is achieved with HAART (322)—because of
high risk for relapse (AIII). In HIV-infected adults with focal
coccidioidal pneumonia who have clinically responded to anti-
fungal therapy and have sustained CD4 count >250 cells/mm?3
on HAART, some experts would discontinue secondary pro-
phylaxis after 12 months of therapy with careful monitoring
for recurrence with chest radiographs and coccidioidal serology
(CIII). However, only a small number of patients have been
evaluated, and the safety of discontinuing secondary prophylaxis
after immune reconstitution with HAART among children has
not been studied extensively. Therefore, for coccidioidomycosis
among HIV-infected children, lifelong suppressive therapy is
recommended after an acute episode of the disease, regardless of
HAART and immune reconstitution (AIII).

Cryptococcosis
Epidemiology

Most cases of cryptococcosis in HIV-infected patients
are caused by Cryprococcus neoformans; C. gatti (formerly
C. neoformans variety gatti) infection occurs primarily in tropi-
cal and subtropical areas. Cryptococcal infections occur much
less frequently among HIV-infected children than among
adults (339-341). During the pre-HAART era, most cases of
cryptococcosis in HIV-infected children (overall incidence,
1%) occurred in those aged 6—12 years and in those with CD4
counts indicating severe immunosuppression (341). Access to
HAART has dramatically decreased the overall incidence of
cryptococcal infection (342,343), and cryptococcosis in HIV-
infected children on HAART remains exceedingly uncommon.
Data from various PACTG studies during the pre-HAART
and post-HAART eras indicate that the rate of invasive fungal

infection, including cryptococcosis, has remained <0.1 per
100 child-years (1,3). In the Perinatal AIDS Collaborative

Transmission Study, no cases of cryptococcosis were identified

during the HAART era (4).

Clinical Manifestations

Cryptococcosis often presents with subtle and nonspecific
findings such as fever and headache. Early diagnosis requires
consideration of this infection in a symptomatic patient
whose CD4 counts indicate severe immunosuppression. In
both HIV-infected adults and children, meningoencephalitis
is the most common initial manifestation of cryptococcosis.
The disease typically evolves over days to weeks with fever
and headache. Less frequent findings include nuchal rigidity,
photophobia, and focal neurologic signs, as were seen among
30 HIV-infected children with cryptococcosis reported from
the United States (341). In contrast to this indolent presenta-
tion, children in Zimbabwe presented with an acute form of
neurologic cryptococcosis (69% with nuchal rigidity, 38% with
seizure activity, and 23% with focal neurologic signs) (344).
CNS mass lesions (cryptococcomas) have not been reported
among HIV-infected children.

Disseminated cryptococcosis can be associated with cutane-
ous lesions, including small, translucent umbilicated papules
(indistinguishable from molluscum contagiosum), nodules,
ulcers, and infiltrated plaques resembling cellulitis. Diagnosis
of pulmonary cryptococcosis without dissemination is unusual
among children. Presenting findings include unexplained
recurrent fever, cough with scant sputum, intrathoracic
lymphadenopathy, and focal or diffuse pulmonary infiltrates.
Alternatively the infection may be asymptomatic, with pulmo-
nary nodules revealed on routine chest radiograph (340).
Diagnosis

Detection of cryptococcal antigen in serum, CSF or other
body fluids is highly effective for rapid and accurate diagnosis
of cryptococcal infection.

Microscopic examination of CSF on India ink-stained wet
mounts should be performed to diagnose suspected CNS dis-
ease. CSF cell count, glucose, and protein can be virtually nor-
mal with CNS cryptococcosis, but the opening pressure usually
is elevated. Cryptococcal antigen can be detected in CSF or
serum by latex agglutination test (several manufacturers) from
>90% of patients with cryptococcal meningitis. However, CSF
antigen detection may be negative in culture-positive crypto-
coccal meningitis; high titers of antigen (prozone effect), low
levels of antigen, and nonencapsulated strains contribute to
this contradictory result (345,346).

Fungal cultures from CSE, sputum, and blood can identify
the organism; the lysis-centrifugation method is the most
sensitive for blood specimens. In some cases (e.g., refractory
or relapsed disease), susceptibility testing of the C. neoformans
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isolate can be beneficial. Overall in vitro resistance to antifungal
agents remains uncommon (34/).

Diffuse pulmonary disease can be diagnosed through
bronchoalveolar lavage and direct examination of India
ink-stained specimens, culture, and antigen detection. Focal
pulmonary and skin lesions may require biopsy with culture
and staining.

Prevention Recommendations

Preventing Exposure

No strategies have been proven to prevent exposure. C. neo-
formans infection is believed to be acquired through inhalation
of aerosolized particles from the environment. Serologic studies
of immunocompetent children in an urban setting indicate that
most children are infected by C. neoformans after the second

year of life (348).

Preventing the First Episode of Disease

Because the incidence of cryptococcal disease is so low
in HIV-infected children (4,339-341), routine testing of
asymptomatic children for serum cryptococcal antigen is not
recommended (DIII). Additionally, given the low incidence
of cryptococcosis in HIV-infected children, lack of survival
benefits in primary prevention studies of adults (349), pos-
sibility of drug interaction, potential resistance to antifungal
drugs, and cost, routine use of antifungal medications is not
recommended for primary prophylaxis of cryptococcal infec-
tions in children (DIII).

A review of randomized controlled trials using antifungal
interventions for the primary prevention of cryptococ-
cal diseases indicates that fluconazole and itraconazole can
reduce cryptococcal disease among adults who have advanced
HIV disease and severe immunosuppression (CD4 count
<50 cells/mm3) (349). However, neither of these interventions
clearly affected mortality.

Discontinuing Primary Prophylaxis
Not applicable.
Treatment Recommendations

Treatment of Disease

Given the low incidence of cryptococcosis in HIV-infected
children even during the pre-HAART era, management of this
disease in these patients has not been prospectively studied.
Treatment recommendations reflect information extrapolated
from many well-designed studies involving HIV-infected adults
with cryptococcal meningitis.

Unlike immunocompentent hosts, in whom recovery from
pulmonary infection without antifungal treatment can occur,

immunocompromised hosts with cryptococcosis require treat-
ment because the condition is often fatal in the absence of
treatment. Although antifungal treatment is effective, immune
reconstitution of the host with the use of antiretroviral medica-
tions is crucial to the long-term outcome in terms of avoiding
episodes of recurrence and relapse. However, IRIS can be
problematic in the short term, posing a diagnostic dilemma
when it presents as clinical worsening in a host that was (or
is being) treated appropriately for cryptococcal infection.
Although data are limited on how best to prevent and man-
age IRIS, because of the close proximity of OI diagnosis and
HAART initiation in patients who developed IRIS (350,351),
some clinicians consider delaying HAART in treatment-naive
patients who have treatable OIs until after the acute phase of
initial OI therapy has been completed (CIII). Factors other
than IRIS, such as tolerability of OI treatments and HAART
and overlapping toxicities if both are started concurrently, are
also reasons to delay HAART (CIII). No clinical trials have
assessed optimal timing of HAART initiation in patients with
concurrent cryptococcosis. Overall in vitro resistance to anti-
fungal agents used to treat cryptococcosis remains uncommon
(347). Newer azoles (e.g., voriconazole, posaconazole, ravucon-
azole) are all active in vitro against C. neoformans (347), but
published clinical experience in using them for cryptococcosis

is limited (352,353).
CNS disease

The most common and well-studied presentation of cryp-
tococcal infection in HIV-infected patients is CNS disease. In
light of studies in adults (354-356), combination therapy with
amphotericin B and flucytosine for 2 weeks (induction therapy)
followed by fluconazole for a minimum of 8 weeks (consolida-
tion therapy) is recommended for children (AI). Cryptococci
were cleared from CSF significantly more rapidly from adults
with CNS disease who received initial therapy with amphoteri-
cin B (0.7 mg/kg/day) and flucytosine (100 mg/kg/day) than it
was in those who received amphotericin B alone, amphotericin
B plus fluconazole, or triple-antifungal therapy (357,358). In
one study of adults, liposomal amphotericin B (AmBisome®)
dosed at 4 mg/kg/day resulted in significantly earlier CSF
culture conversion than did amphotericin B at 0.7 mg/kg/day
(359). Although the cost of specific amphotericin B formula-
tions is an important factor in selection of a specific prepara-
tion, the indication for use of the drug is also important. For
example, the liposomal preparation is preferred for patients
with renal insufhciency (AII). Monitoring for and managing
raised intracranial pressure is crucial to the optimal manage-
ment of CNS cryptococcosis (see below).

In patients who cannot tolerate flucytosine, amphotericin
B (or its liposomal preparation) alone can be used for initial
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therapy (BI). Fluconazole plus flucytosine is superior to
fluconazole alone (360,361) and provides an alternative to
amphotericin B for acute therapy of invasive disease (BII);
however, few data are available regarding use of this combina-
tion in children, and it should be used only if amphotericin
B-based therapy is not tolerated (BIII). Although fluconazole
monotherapy was an effective alternative to amphotericin B
in adults with AIDS-associated cryptococcal meningitis (362),
concerns in this study about differences in early death, delayed
CSF sterilization, and drug resistance (363,364) make flucon-
azole monotherapy less favorable for initial therapy of CNS
disease. Because of rapidly developing resistance, flucytosine
alone should never be used to treat cryptococcosis (EII).

After a minimum of 2 weeks of induction therapy with
evidence of clinical improvement and a negative CSF culture
after repeat lumbar puncture, amphotericin B and flucytosine
can be discontinued and consolidation therapy initiated with
fluconazole (AI). Consolidation therapy is continued for a
minimum of 8 weeks (365). Itraconazole is an alternative
to fluconazole for the consolidation phase of CNS therapy
and for secondary prophylaxis (BI). Fluconazole is preferred
because studies comparing the two agents demonstrate higher
rates of CSF sterilization during consolidation therapy (355)
and less frequent relapse (365) during maintenance therapy
in fluconazole recipients.

Pulmonary and extrapulmonary cryptococcosis
(CNS disease ruled out)

No controlled clinical studies describe the outcome of non-
CNS cryptococcosis in HIV-infected patients. CNS disease
should be ruled out in all patients, after which the choice
of antifungal medication and length of initial therapy can
be decided in light of the clinical severity of illness. Patients
with severe pulmonary disease or disseminated cryptococcosis
should be treated with amphotericin B with or without the
addition of flucytosine, as for CNS disease (AIII). Usually com-
bination therapy should be provided until symptoms resolve.
Those with mild-to-moderate pulmonary illness or other local-
ized disease can be managed with fluconazole monotherapy
(AIII). Regardless of the antifungal agent selected for initial
therapy, secondary prophylaxis with fluconazole or itraconazole
should be continued (AIII) until a decision about when to stop
prophylaxis can be determined on a case-by-case basis (see note
below on discontinuing secondary prophylaxis).

Monitoring and Adverse Events, Including IRIS

Monitoring for raised intracranial pressure

Whenever a lumbar puncture is performed, opening pressure
should be measured (AII). Studies in adults clearly show the
role of increased intracranial pressure in death associated with

CNS cryptococcosis (355,366). Health-care providers should
be vigilant about this condition. Its management includes
repeated lumbar punctures. In rare cases, CSF shunting may
need to be considered for patients who do not tolerate daily
lumbar punctures or if standard management does not relieve
signs and symptoms of cerebral edema. Corticosteroids and
acetazolamide should not be used to reduce intracranial pres-
sure in cryptococcal meningitis (DIII); acetazolamide was
associated with severe acidosis, hypokalemia, and other adverse
effects in a clinical trial among adults (367).

Monitoring for treatment response

In addition to monitoring clinical response, mycologic
response in patients with CNS cryptococcosis typically is
assessed by a repeat lumbar puncture and CSF examination at
2 weeks of treatment, with continuation of induction therapy
if the culture is positive until negative cultures are obtained.

Monitoring serial serum cryptococcal antigen titers is not
useful for following treatment efficacy because changes in
serum cryptococcal antigen titers do not correlate well with
outcome during treatment for acute meningitis or during
suppressive therapy (368,369). Serial measurement of CSF
cryptococcal antigen is more useful; in one study, an unchanged
or increased titer of antigen in CSF correlated with clinical and
microbiologic failure to respond to treatment, and a rise in CSF
antigen titer during suppressive therapy was associated with
relapse of cryptococcal meningitis (368). However, monitoring
of CSF cryptococcal antigen levels requires repeated lumbar
punctures and is not routinely recommended for monitoring

response (CIII).

Monitoring for adverse events

Adverse effects of amphotericin B (Table 5) are primarily
nephrotoxicity; permanent nephrotoxicity is related to cumula-
tive dose. Infusion-related fevers, chills, nausea, and vomiting
can occur, but they are less frequent in children than in adults.
Close monitoring for drug toxicities is needed especially when
amphotericin B is used with flucytosine.

Flucytosine has the potential for marked toxicity, espe-
cially affecting the bone marrow (e.g., anemia, leukopenia,
and thrombocytopenia), liver, GI tract, kidney, and skin. In
patients receiving flucytosine, flucytosine blood levels should be
monitored to prevent bone marrow suppression and GI toxic-
ity; peak serum levels, which occur 2 hours after an oral dose,
should not exceed 75 pg/mL. Flucytosine should be avoided
in children with severe renal impairment (EIII).

Fluconazole and the other azoles have relatively low rates
of toxicity, but their potential drug interactions can limit
their use. Because of their ability to inhibit the CYP450-
dependent hepatic enzymes, the potential for drug interactions,
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particularly with antiretroviral drugs, should be carefully evalu-
ated before initiation of therapy (AIII).

IRIS

Patients who develop IRIS related to cryptococcosis are more
likely than those who do not develop cyrptococcal IRIS to be
severely immunocompromised with disseminated infection
and to have initiated potent antiretroviral therapy soon after
diagnosis of cryptococcal disease (370); in antiretroviral-naive
patients newly diagnosed with cryptococcal meningitis, delay
in potent antiretroviral therapy may be prudent until the end
of the first 2 weeks of induction therapy (CIII).

IRIS related to cryptococcosis can present within weeks
(e.g., meningitis) or months (e.g., lymphadenitis) after start of
HAART. Symptoms of meningitis are similar to those described
for meningitis presenting as the initial manifestation of
cryptococcosis. In one study, about 30% of all HIV-infected
adults hospitalized for infection with C. neoformans who
received HAART were readmitted with symptoms attrib-
uted to an inflammatory response (350). Of the 18 patients
with C. neoformans-related IRIS in the cited study, 17 had
culture-negative meningitis, and most cases occurred during
the first 30 days after initiation of HAART. The most com-
mon presentation of late cryptococcal IRIS is lymphadenitis,
particularly mediastinal lymphadenitis (371).

The optimal management of cryptococcal IRIS has not been
defined. Antifungal therapy should be initiated in patients
not already receiving it, and antiretroviral therapy should be
continued (AII). Although many cases resolve spontaneously,
some experts also have used anti-inflammatory therapy (e.g.,
short-course corticosteroids) in patients with severely symp-

tomatic IRIS (BIII) (371,372).

Management of Treatment Failure

Treatment failure is defined as clinical deterioration despite
appropriate therapy, including management of intracranial
pressure; lack of improvement in signs and symptoms after
2 weeks of appropriate therapy; or relapse after an initial
clinical response. Differentiating IRIS from treatment failure is
important because treatment approaches and outcomes differ.
Optimal management of patients with treatment failure is not
known. If cultures are positive at treatment failure, evaluation
of antifungal susceptibilities might be considered, although
fluconazole resistance with C. neoformans is rare in the United
States (but more common in some international settings)
(363). Patients in whom initial azole-based therapy fails should
be switched to amphotericin B-based therapy (363), ideally in
combination with flucytosine (BIII); the possibility of drug
interactions resulting in subtherapeutic azole levels (e.g., con-
current rifampin use or other drugs metabolized by the liver)

should be explored (363). Use of liposomal amphotericin B
should be considered, as one study suggests improved efficacy
in CSF sterilization with liposomal preparations than with
standard amphotericin B (AII) (359). Some data from HIV-
infected adults indicate higher dosages (e.g., 400-800 mg/
day) of fluconazole in combination with flucytosine also can
be considered for salvage therapy (BII) (356,373). Clinical
experience with new antifungal agents in managing cryptococ-
cosis is limited. A few patients with cryptococcal infections
refractory or intolerant to standard antifungal therapy have
been treated with posaconazole or voriconazole with variable
success (352,353). Echinocandins do not have clinical activity
against cryptococcal infections and should not be used.

Prevention of Recurrence

Patients who have completed initial therapy for cryptococ-
cosis should receive suppressive treatment (i.e., secondary
prophylaxis or chronic maintenance therapy) (AI). Fluconazole
(AI) is superior and preferable to itraconazole (BI) for prevent-
ing relapse of cryptococcal disease (365,374,375). Suppressive
therapy typically is continued long term.

Discontinuing Secondary Prophylaxis

Until recently, lifelong secondary prophylaxis typically was
recommended. The safety of discontinuing secondary pro-
phylaxis for cryptococcosis after immune reconstitution with
HAART has not been studied in children, and decisions in this
regard should be made on a case-by-case basis. Adults at appar-
ent low risk for recurrence of cryptococcosis have successfully
completed a course of initial therapy, remain asymptomatic
with regard to signs and symptoms of cryptococcosis, and
have a sustained (>6 months) increase in their CD4 counts
to >200 cells/mm? after HAART (376-378). In light of these
observations and inference from data regarding discontinuing
secondary prophylaxis for other Ols in adults with advanced
HIV infection, discontinuing chronic suppressive therapy for
cryptococcosis (after being on it for >6 months) can be con-
sidered for asymptomatic children aged >6 years, on HAART,
and with sustained (>6 months) increase in their CD4 counts
to >200 cells/mm? (BII). Suppressive therapy should be reiniti-
ated if the CD4 count decreases to <200 cells/mm3 (AIII).

Histoplasmosis
Epidemiology

Histoplasmosis is caused by inhalation of microconidia
produced by the mycelial form of Histoplasma capsulatum, an
endemic dimorphic fungus, and cases have been reported from
all continents except Antarctica. It is most highly endemic in
the Ohio and Mississippi river valleys. Infections in regions in
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which histoplasmosis is not endemic often result from travel
to these regions. Risk factors predisposing to infection are a
CD4 count <150 cells/mm? and exposure to activities that dis-
turb contaminated sites and result in aerosolization of spores.
Because yeast forms of the fungus may remain viable within
granulomas formed after successful treatment or spontaneous
resolution of infection, late relapse can occur if cellular immune
function wanes. Infection can occur during pregnancy, and
transplacental infection has rarely been reported (379).

During the pre-HAART era, histoplasmosis was reported
in 2%-5% of HIV-infected adults in regions with endemic
disease; rates of 25% have been reported in some cities (380).
In a highly endemic region, histoplasmosis was the AIDS-
defining illness in 25% of adults and 8% of children (381).
Progressive disseminated histoplasmosis (PDH) occurred in
5% of HIV-infected children in another highly endemic region
(M. Kleiman, unpublished data, November 28, 2007). The
overall incidence of histoplasmosis in children has not been
examined systematically but appeared to be low, even during
the pre-HAART era (7).

Few epidemiologic data have been reported on disseminated
histoplasmosis in HIV-infected children and adolescents
treated with HAART. In several combined PACTG cohorts,
the incidence rate of all non-Candida invasive fungal infection
was 0.10 infections per 100 child-years (95% CI 0.05-0.20)
during the pre-HAART era, and 0.08 infections per 100 child-
years (95% CI 0.03-0.17) during the HAART era (7,3). These
data were contributed from centers that underrepresented
the geographic regions of maximal histoplasmosis prevalence;
so the statistical power to detect decreases in incidence rates
associated with HAART may have been limited. However,
none of the rates of domestic endemic fungal infections (e.g.,
histoplasmosis, coccidioidomycosis, and blastomycosis) are
likely to exceed these estimates in HIV-infected children and
adolescents.

Clinical Manifestations

In children without HIV infection, acute pulmonary mani-
festations are common, but chronic pulmonary infection has
not been described. Because of greater airway pliability in chil-
dren, airway obstruction from mediastinal lymphadenopathy
is more common in children (382). Although meningitis is
common with progressive disseminated infection in infancy,
subacute meningitis and parenchymal lesions characteristic of
CNS disease in adults are unusual in children (383). Isolated
pulmonary granulomas resulting from past infections are com-
mon incidental findings in chest radiographs of asymptomatic
persons residing in histoplasmosis-endemic regions.

The most frequent clinical manifestation of histoplasmosis
in HIV-infected children with AIDS is PDH; PDH is fatal if

untreated. Prolonged fever and failure to thrive are uniform
presenting complaints. Few reports have been published of pre-
senting signs and symptoms in children with PDH complicat-
ing AIDS (381,384-386). However, most are similar to those
seen in PDH in otherwise normal infants and in infections
in patients with other primary or acquired immunodeficien-
cies. These include splenomegaly, cough, respiratory distress,
hepatomegaly, “septic” appearance, generalized lymphade-
nopathy, interstitial pneumonitis, cytopenia, coagulopathy,
oropharyngeal/GI ulcerations, and erythematous nodular/
ulcerative cutaneous lesions (387-389).

Diagnosis

Culture and histopathologic, serologic, antigen-detection,
and molecular diagnostic techniques have been developed to aid
in diagnosing histoplasmosis (390,391). Understanding their
uses and limitations is essential to interpretating results.

Histoplasmin skin tests are not available and were not useful
in diagnosing disseminated disease (388,389). Although isola-
tion of the fungus using culture is diagnostic, it often requires
invasive procedures, is insensitive, and may take 10-30 days
to grow. Lysis-centrifugation methodology facilitates growth of
H. capsulatum, and a DNA probe permits prompt identifica-
tion of isolates (392). Histopathologic demonstration of typical
yeast forms in tissue specimens, bone marrow, or peripheral
blood can be performed rapidly and, when positive, is highly
suggestive of active infection. However, results are positive in
12%—-43% of adults with PDH (390). PCR and DNA probes
have been developed to detect H. capsularum DNA in tissues
(393) and body fluids (394) but are neither sufficiently sensi-
tive nor specific (390,391).

Interpretation of serologic testing using CF and immunodif-
fusion methods is problematic in immunocompromised hosts
with PDH. CF titers of >1:32 to the yeast and/or mycelial
antigens or detection of H and/or M bands with the immu-
nodiffusion test are considered strongly suggestive of active or
recent infection. However, only 41% of HIV-infected adults
are seropositive, compared with 82% of adults with PDH and
no underlying immunocompromise (395). Thus, seronegativity
cannot be used to exclude active infection, especially PDH.
Although a fourfold increase in CF antibody is diagnostic of
active infection, 2—4 weeks is needed to determine this. CF
antibody titers of CSF may be useful for diagnosing meningi-
tis. In these instances, the assay should begin with undiluted
specimens. Concurrent serum titers should be evaluated to
exclude false positivity caused by blood contamination of the
CSF (383).

Development and refinement of an EIA that rapidly identi-
fies and quantifies histoplasmal antigen in body fluids fills most
of the gaps left by other diagnostic methods. EIA is especially
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suited for evaluating patients with large fungal burdens, a
feature of infection in immunocompromised hosts. EIA can
detect antigen in serum, bronchoalveolar lavage, and CSE
The reported sensitivity of antigen detection is 91%-92% in
adults with PDH, and 95% in adults with AIDS (390,391);
sensitivity in children with underlying immunocompromise
and in otherwise normal infants is 100% (388; M Kleiman,
unpublished data, November 28, 2007) (396).

EIA has necessitated changes in recommendations for
specimen submission and interpretation. In contrast to earlier,
semiquantitative assays, the third generation EIA is standard-
ized by extrapolating antigen concentrations from a calibration
curve that is linear to a value of 39 ng/mL. However, urine
antigen concentrations in serious infections frequently exceed
this value. In these instances, serum specimens should be fol-
lowed because maximum serum concentrations are lower than
those of urine and thus more likely to be in a range in which
differences can be accurately measured. After resolution of the
antigenemia, urine concentrations can be followed to monitor
the effectiveness of treatment and, thereafter, to identify relapse.
Antigenuria is identified in 90% of patients whose histoplasmo-
sis relapses (382). The histoplasmal antigen assay demonstrates
cross-reactions with blastomycosis, paracoccidioidomycosis,
and Penicillium marneffei infections (390,391).

Antigen is detectable in 75%-81% of immunocompetent
hosts with acute, primary pulmonary infection. This occurs
early in infection, reflecting the primary fungemia that is
aborted by an effective cellular immune response. Thus, anti-
genuria in a patient with HIV who retains normal cellular
immunity may not presage development of disseminated
infection.

Diagnosis of CNS infection is difhicult, particularly if the
patient has isolated meningitis without disseminated disease
(383). Highest sensitivity is achieved by testing CSF for
histoplasmal antigen, antibody, and large-volume culture. In
adults, CSF culture is positive in 20%—-60% of patients, CSF
antigen is positive in 40%—70%, and CSF antibody is positive
in 70%-90% (390,391); Meningitis frequently accompanies
PDH of infancy (387).

Prevention Recommendations

Preventing Exposure

Most infections occur without a recognized history of
exposure to a high-risk site or activity. Therefore, complete
avoidance of exposure in histoplasmosis-endemic regions is
not possible. Sites and conditions commonly implicated in
high-risk exposure and point-source outbreaks include soil
contaminated with bird or bat droppings, older urban and
rural structures, decaying vegetation or trees, and caves. Dry

and windy conditions, excavation, demolition, and garden-
ing and agricultural activities predispose to aerosolization of
spores. If avoidance of these activities is not feasible, reducing
the release of spores by wetting soil, renovation sites, and other
likely areas of acrosolization and using protective respiratory
devices (397) may reduce the likelihood of infection.

Preventing First Episode of Disease

Prophylaxis with itraconazole is recommended for HIV-
infected adults whose CD4 count is <150 cells/mm? and who
reside in areas where histoplasmosis is highly endemic (i.e.,
incidence is >10 cases per 100 patient-years) and in instances
in which risk for occupational exposure is high. Prophylaxis
had no effect on survival (382). Given the low incidence of
histoplasmosis in pediatric HIV-infected patients, possibil-
ity of drug interaction, potential antifungal drug resistance,
and cost, routine use of antifungal medications for primary
prophylaxis of histoplasma infections in children is not recom-
mended (DIII).

Discontinuing Primary Prophylaxis

Although studies have not been done to support the safety
of discontinuing primary prophylaxis, the safety of discon-
tinuing suppressive therapy (secondary prophylaxis) for HIV-
infected adults with CD4 counts >150 cells/mm?3 has been
demonstrated; treatment should be resumed if CD4 count falls
below this threshold and the patient continues to reside in an
area in which the threshold of >10 cases per 100 patient-years

is exceeded (382,398). Prophylaxis is not recommended for
HIV-infected children (DIII).

Treatment Recommendations

Treatment of Disease

PDH is fatal without treatment. Therapy with either ampho-
tericin B deoxycholate or itraconazole (399,400) is highly
effective. The clinical response to amphotericin B is faster
and is preferred for initial treatment of severe infections (AI).
Although amphotericin B may be used as monotherapy for
an extended time, it is now more commonly used as induc-
tion therapy and is followed by long-term treatment with
itraconazole. Itraconazole is the azole preferred for treatment
of histoplasmosis (AIII). Trials of therapy and the effectiveness
of primary and secondary prophylaxis have been evaluated
in HIV-infected adults. Recommendations for HIV-infected
children are derived from these data and from anecdotal
experience in children (382). However, because of important
differences in managing PDH in children, consultation with
experts should be considered.

The dosage of liposomal amphotericin B for children is
3-5 mg/kg/day. Other less costly or better tolerated lipid
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formulations may be substituted for the liposomal product.
Ampbhotericin B deoxycholate, at 1 mg/kg/day, is better toler-
ated by children than it is by adults, is effective, and may be
used when cost of the lipid preparations is a consideration.

Itraconazole is usually well tolerated in children. Itraconazole
has a long half-life and does not reach steady-state levels for 2
weeks. The interval needed to achieve desired serum concen-
trations can be shortened if the recommended dose is admin-
istered three times daily for the initial 3 days of therapy (i.e.,
loading dose); the recommended dose administered twice daily
should be started thereafter. Itraconazole solution is preferred
to the capsule formulation because it is better absorbed and
serum concentrations are 30% higher than those achieved
with the capsules. Because absorption of itraconazole varies
considerably from patient to patient, serum concentrations
should be measured to ensure effective levels of drug, monitor
changes in dosage, and assess compliance (BIII). The minimal
inhibitory concentration of H. capsulatum is 0.01 ug/mL,
and although minimally effective serum concentrations have
not been determined, a serum concentration of 1.0 #g/mlL is
recommended; dosage should be reduced if concentrations
exceed 10 pug/mL (382).

Fluconazole is an alternative for patients with mild his-
toplasmosis who are intolerant of itraconazole or in whom
desired serum levels of itraconazole cannot be attained.
However, fluconazole is less effective than itraconazole and
has been associated with development of drug resistance (401).
Ketoconazole is used infrequently because of its adverse reac-
tions; it is effective in mild infections, excluding disseminated
infection, and may be considered because it is much less costly
than the other azoles.

Acute primary pulmonary histoplasmosis

Acute primary pulmonary histoplasmosis can present with
a wide spectrum of symptoms ranging from dyspnea with
high fever and diffuse pulmonary infiltrates to only mild
respiratory symptoms, variable fever, and a chest radiograph
showing mediastinal adenopathy with or without focal pul-
monary infiltrate. For severe or moderately severe symptoms,
amphotericin B should be administered for 1-2 weeks; ampho-
tericin B deoxycholate is preferred because it is well tolerated
in children (AIII) (382). After clinical improvement, patients
with intact immunity should receive itraconazole, beginning
with a loading dose (see above) for the first 3 days, followed
by the recommended doses administered twice daily for at
least 12 weeks (AIII); adults with CD4 counts of <150 cells/
mm?, and by extrapolation, HIV-infected children with severe
immunosuppression (e.g., CD4 <15% or <150 cells/mm?
in children aged <6 years), should receive itraconazole for
12 months (AIII). Urine antigen usually is elevated in these

situations and should be monitored to gauge clinical response
and, after treatment, identify relapse (AIII).

HIV-infected children, particularly those with functional cel-
lular immunity, occasionally will present with fever associated
with mild primary pulmonary infection and histoplasma antigen
in the urine. Although an effective cellular immune response may
limit such illnesses, treatment with itraconazole for 12 weeks
while following histoplasmal urine antigen concentrations may
be prudent to ensure concentrations decrease (BIII).

Moderately severe to severe PDH

Data from HIV-infected adults suggest that HIV-infected
children with moderately severe to severe disseminated his-
toplasmosis should be treated with an IV amphotericin B
formulation for >2 weeks or until they clinically improve,
followed by itraconazole for 12 months (AI). HIV-infected
adults with moderately severe to severe PDH have a higher
response rate to treatment with liposomal amphotericin B than
with the deoxycholate formulation (88% vs 64%) and a lower
death rate (2% vs 13%) (AI) (382). After a favorable clinical
response, amphotericin B should be discontinued and followed
by “step-down” therapy with itraconazole for 12 months (AII).
A loading dose (see above) of itraconazole should be used for
the initial 3 days. If itraconazole is not well tolerated, a 4- to
6-week course of amphotericin B should be used and histo-
plasma urine antigen levels followed (AIII).

Although therapeutic trials of amphotericin B deoxycholate
used to treat PDH in HIV-infected children have not been
performed, this formulation is effective for treating severe
PDH in infants (387,402), including those with CNS infec-
tion (387), and in children with other primary or acquired
immunodeficiency states. Amphotericin B deoxycholate is
better tolerated by children than by adults, and it is less costly
than other formulations. It may be used if cost or availability
of lipid formulations precludes their use (AIII).

Mild to moderate PDH

Mild to moderate PDH in adults without signs of CNS infec-
tion responds favorably in 80%-100% of patients treated with
itraconazole monotherapy for 12 months (AII) (382,399). This
regimen also is recommended for HIV-infected children with
mild to moderate PDH (AII). A loading dose of itraconazole
(see above) should be administered at the onset of treatment
and serum concentrations monitored.

CNS infection

CNS infection that accompanies PDH is expected to respond
to the regimen recommended for moderately severe to severe

PDH. Isolated CNS infection is unusual in children. In adults,
frequent failure and relapse are common, and aggressive therapy
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is recommended. Liposomal amphotericin B is preferred for
CNS disease in children and adults because it achieves higher
concentrations in the brain (AII); penetration into the CSF is
poor with all formulations. The deoxycholate formulation is
an alternative. Amphotericin should be administered for 4-6
weeks. Thereafter, the child should receive a loading dose of
itraconazole and continuation of itraconazole for 12 months
and until CSF abnormalities, including histoplasmal antigen,
have resolved (AII). Itraconazole levels should be followed and
dose adjusted to ensure optimal serum concentrations (AIII).

Asymptomatic Histoplasma granuloma

In asymptomatic HIV-infected children who have intact
cellular immunity and have resided in an area with endemic
histoplasmosis, the presence of a typical granuloma in a chest
radiograph should prompt evaluation of both histoplasmal urine
antigen and CF and immunodiffusion antibody. If any of these
tests are positive, treatment with itraconazole for 12 weeks is
prudent (BIII). If these tests are negative, therapy need not be
used, and clinical follow-up is recommended. In either instance,
histoplasmal urine antigen testing should be considered if unex-
plained fever or other systemic symptoms occur.

Monitoring and Adverse Events, Including IRIS

In manifestations of histoplasmosis in which antigenuria
is demonstrated, antigen levels should be monitored during
therapy and for a year thereafter to identify relapse (AIII)
(403). After a recommended course of therapy and, in the
absence of symptoms, low-level, stable antigenuria may not
constitute a basis for prolonging the recommended course of
therapy. Serum levels of itraconazole should be monitored in
patients receiving treatment (AIII).

Adverse effects of amphotericin B are primarily nephrotoxic-
ity; permanent nephrotoxicity is related to cumulative dose.
Infusion-related fevers, chills, nausea, and vomiting can occur,
although they are less frequent in children than in adults. Renal
dysfunction and electrolyte imbalances are its primary toxici-
ties; these parameters should be monitored during therapy.

Itraconazole, like other azoles, has relatively low rates of
toxicity. GI upset is seen occasionally and its principal toxicity
is hepatic. The azole drugs inhibit CYP450-dependent hepatic
enzymes so that drug interactions, particularly with antiret-
roviral drugs, should be carefully evaluated before initiation
of therapy.

IRIS caused by an inflammatory response to histoplasmo-
sis unmasked by HAART-induced improvement in cellular
immunity is unusual, and symptoms are often mild (404). In
the event of IRIS, antiretroviral therapy should be continued
along with antifungal therapy (AIII).

Management of Treatment Failure

Both voriconazole and posaconazole have been used suc-
cessfully in a small number of refractory cases in adults (382).
Because little experience has been reported using the newer
azoles and data are limited on use of these agents in children,
expert consultation is recommended for cases refractory to
first-line agents.

Prevention of Recurrence

Children responding well after completion of initial ampho-
tericin B treatment should be continued on oral itraconazole
maintenance therapy for at least 1 year (AII). Longer-term
suppressive therapy with itraconazole may be required in HIV-
infected children who are severely immunosuppressed (i.c.,
CD4 <15% or <150 cells/mm? in children aged >6 years) and
patients who experience relapse despite receipt of appropriate
therapy (AIl) (382,398). Fluconazole is less effective than
itraconazole (CII), and experience is limited in children with
voriconazole.

Discontinuing Secondary Prophylaxis

Discontinuation of treatment has not been examined in
children. Data from a clinical trial evaluating discontinua-
tion in adults with immune restoration on HAART suggest
discontinuation of itraconazole is recommended in adults
if itraconazole has been received for >1 year, blood cultures
are negative, histoplasmal serum antigen is <2 ng/mL, CD4
counts are >150 cells/mm?, and the patient is compliant with
HAART (AI) (398). Extrapolating these recommendations to
HIV-infected children on HAART with immune restoration
(i.e., CD4 >150 cells/mm? in children aged >6 years) seems
reasonable (CIII). Treatment should resume if these parameters
are not met. Chronic suppressive therapy is recommended for
relapse that occurs despite appropriate treatment (BIII).

Pneumocystis Pneumonia
Epidemiology

Pneumocystis spp. are found worldwide in the lungs of
humans and lower animals. The organisms are host specific, and
cross-infection between humans and other animals does not
occur. Preumocystis spp. from all sources are morphologically,
tinctorially, and biologically similar, but surface antigens and
gene sequencing have demonstrated host-specific differences.
Since the original designation of Preumocystis carinii a century
ago, several changes in terminology have been suggested. The
most recent proposal to change P carinii to P jirovecii for
isolates from human lungs has gained some popularity but
remains controversial.
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Pneumocystis has been designated a fungus on the basis of
DNA analysis, but it has several biologic features of protozoa.
It is one of the most frequent causes of infection in humans.
By age 2—4 years, more than 80% of children in most coun-
tries have acquired antibodies to Preumocystis (405-407).
Immunocompetent infants with the infection are either
asymptomatic or have mild respiratory symptoms. Preumocystis
pneumonia (PCP) occurs almost exclusively in the immuno-
compromised host.

PCP remains a common AIDS-indicator disease among
HIV-infected children. The highest incidence of PCP in
HIV-infected children is in the first year of life, with cases
peaking at age 3—6 months (408—410). Data from the CDC
Pediatric Spectrum of Disease Project (1994-2001) indicate
a decline in PCP infection rates (cases per 1000 HIV-infected
children) from 25 in 1994 to 18 in 1996 to six in 2001
(1,411). Similarly, analyses of data from the Perinatal AIDS
Collaborative Transmission Study revealed a 95% decline in
PCP (cases per 100 child-years) from 5.8 (pre-HAART era)
to 0.3 (HAART era) (4). Finally, the incidence rate of PCP
(cases per 100 child-years) was 1.3 during the pre-HAART era
(1981-1988) and <0.5 during the HAART era (2001-2004)
(3). This decline probably resulted from implementation of
interventions to prevent mother-to-child transmission of HIV,
introduction of HAART in HIV-infected children in 1995,
and chemoprophylaxis for PCP.

PCP is a major cause of death among HIV-infected infants
and children in Africa. Autopsies revealed PCP in 16% of
children dying with HIV/AIDS during 1992 and 1993 (412),
in 29% of those dying during 1997 and 2000 (413), and in
44% of those dying during 2000 and 2001 (4/4).

The mode of transmission of Preumocystis among HIV-
infected infants, children, and adults is not firmly established,
but airborne human-to-human transmission is likely. Animal
studies show Preumocystis is transmitted by air from infected
to susceptible rats (415,416). Human-to-human transmission
has been suggested by molecular epidemiology and global clus-
tering of PCP cases in recent studies (417-419). Intrauterine
transmission is considered rare. However, in one report, one of
eight infants born to women who had AIDS and PCP during
pregnancy had evidence of Preumocystis infection (420).

The single most important factor in susceptibility of
HIV-infected patients of all ages to PCP is the status of cell-
mediated immunity of the host. Severe compromise, reflected
by a marked decrease in CD4 count and percentage, is the
hallmark of high risk for PCP and is discussed further in the

prevention section.

Clinical Manifestations

Prominent clinical features of PCP among HIV-infected
children are fever, tachypnea, dyspnea, and cough. The severity
of these signs and symptoms varies from child to child. Onset
can be abrupt or insidious with nonspecific symptoms (e.g.,
mild cough, dyspnea, poor feeding, diarrhea, and weight loss).
Some patients may not be febrile, but almost all will have tac-
hypnea by the time pneumonitis is evident on chest radiograph.
Physical examination sometimes shows bilateral basilar rales
with evidence of respiratory distress and hypoxia.

In HIV-infected children with pneumonia, four clinical vari-
ables are independently associated with PCP: age <6 months,
respiratory rate >59 breaths per minute, arterial percentage
hemoglobin saturation <92%, and the absence of vomiting
(421). A high plasma HIV RNA concentration strongly pre-
dicts PCP and other Ols (422).

Extrapulmonary Preumocystis organisms are found in
<2.5% of HIV-infected adults and children (423,424). This
can occur without concurrent PCP and can be located at
multiple noncontiguous sites. Involved sites have included
ear, eye, thyroid, spleen, GI tract, peritoneum, stomach, duo-
denum, small intestine, transverse colon, liver, and pancreas.
Less frequently involved sites include adrenal glands, muscle,
bone marrow, heart, kidney, ureter, lymph nodes, meninges,
and cerebral cortex.

Diagnosis

Most children with PCP have substantial hypoxia with
low arterial oxygen pressure and a PaO, >30 mm Hg. The
CD4 count is often <200 cells/mm?3 and the CD4 percentage
<15% in children aged >5 years. Lactic dehydrogenase is often
increased, but this is not specific for PCP. Serum albumin may
be depressed. Chest radiographs most commonly indicate
bilateral diffuse parenchymal infiltrates with “ground-glass” or
reticulogranular appearance, but they also can be normal or
have only mild parenchymal infiltrates. The earliest infiltrates
are perihilar, progressing peripherally before reaching the api-
cal portions of the lung. Rarely, lobar, cavitary, nodular, or
miliary lesions; pneumothorax; or pneumomediastinum are
observed.

A definitive diagnosis of PCP requires demonstration of
the organism in pulmonary tissues or fluids in the presence of
pneumonitis. Diagnostic procedures are the same as for adults
suspected to have PCP (see Guidelines for the Prevention and
Treatment of Opportunistic Infections in HIV-Infected Adults)
(16), but some procedures may be more difficult to perform
in children. Several procedures for collecting and staining
specimens are available.

Induced sputum analysis, during which the patient produces
sputum after inhalation of nebulized 3% hypertonic saline,
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may be difficult among children aged <2 years because of small
airways and poor ability to produce sputum. Complications
from the procedure include nausea, vomiting, and bronchos-
pasm. Sensitivity of sputum analysis in adults ranges from 25%
to 90%. After a negative induced sputum sample, a broncho-
alveolar lavage for definitive diagnosis may be necessary.

Nasogastric aspirates, if positive, are of diagnostic value.
Pneumocystis organisms were found in 48.6% of HIV-infected
children with respiratory illnesses in whom gastric aspirates
were obtained on three consecutive mornings (425). Other
studies have shown the organism is not found in gastric con-
tents without PCP (426).

Bronchoscopy with bronchoalveolar lavage is the diagnostic
procedure of choice for most infants and children. Sensitivity
ranges from 55% to 97% and may be positive for >72 hours
after initiation of PCP treatment; treatment should not
be delayed while awaiting results. Complications include
hemoptysis, pneumothorax, transient increase in hypoxemia,
a transient increase in pulmonary infiltrates at the lavage site,
and postbronchoscopy fever.

Fiberoptic bronchoscopy with transbronchial biopsy is
recommended only when bronchoalveolar lavage is negative
or nondiagnostic despite a clinical picture consistent with
PCP. Sensitivity is 87%-95%, and cysts can be identified up
to 10 days after initiation of treatment (up to 4—6 weeks in
certain patients). Complications include pneumothorax and
hemorrhage; this procedure is contraindicated in children with
thrombocytopenia.

Open-lung biopsy is the most sensitive and specific diag-
nostic technique, but because it requires thoracotomy and
often chest tube drainage, is not recommended routinely. It
has the advantage of revealing the type and extent of disease
as well as the organism. Histopathology shows alveoli filled
with eosinophilic, acellular, proteinaceous material that
contains cysts and trophozoites but few inflammatory cells.
Complications include pneumothorax, pneumomediastinum,
and hemorrhage.

Three types of stains can be used to identify Preumocystis
organisms in specimens. Gomori methenamine-silver method
stains the cyst wall brown or black. Toluidine blue stains the
cyst wall blue or lavender. Both methods stain fungal elements.
Giemsa, Diff-Quick®, and Wright stains depict the trophozo-
ites and intracystic sporozoites pale blue with a punctate red
nucleus, but unlike other stains, these do not stain the cyst
wall. Monoclonal immunofluorescent antibodies (Merifluor®,
Meridian Bioscience, Inc., Cincinnati, OH) that stain the cyst
wall also can be used for diagnosis and have enhanced specific-
ity compared with the other methods. A cyst wall, trophozoite,
and immunofluorescent antibody stain is recommended for
each specimen studied.

PCR assays to amplify the human Preumocystis MSG
gene, mitochondrial large subunit (mtlsu) rRNA, the dihy-
dropteroate synthase gene, and the internal transcribed spacer
region genes have been developed for diagnostic evaluation.
These tests are usually more sensitive but less specific than
microscopic methods and are not standardized or available in
most centers (427,428). Pneumocystis-specific DNA is found in
18% of bronchoalveolar lavage samples from patients without
clinical PCP, HIV, and other infections (429).

Coinfection with other organisms (e.g., CMV or pneu-
mococcus) has been reported in HIV-infected children
(410,430,431). Children with dual infections may have more
severe disease. Although CMYV in lung secretions of children
with PCP indicates colonization, it usually does not require
therapy. The presence of Prneumocystis is always an indication
for treatment.

Prevention Recommendations

Preventing Exposure

‘The need for isolation of hospitalized persons who have PCP
has been neither demonstrated nor discounted. PCP patients
clearly do not need to be isolated from persons with normal
immune responses and from immunocompromised high-risk
patients who are receiving PCP prophylaxis. Under unusual
circumstances where prophylaxis cannot be administered,
avoid placement in the same room with an immucompromised

patient (CIII).

Preventing First Episode of Disease

Chemoprophylaxis is highly effective in preventing PCP.
Criteria for its use are based on the patient’s age and CD4
count or percentage (AII). Prophylaxis is recommended for all
HIV-infected children aged >6 years who have CD4 counts
<200 cells/mm? or CD4 <15%, for children aged 1-5 years
with CD4 counts of <500 cells/mm3 or CD4 <15%, and for
all HIV-infected infants aged <12 months regardless of CD4
count or percentage (432).

Infants born to HIV-infected mothers should be considered
for prophylaxis beginning at 4-6 weeks of age. HIV-infected
infants should be administered prophylaxis until 1 year of age,
at which time they should be reassessed on the basis of the
age-specific CD4 count or percentage thresholds mentioned
above (AII). Infants with indeterminate HIV infection sta-
tus should receive prophylaxis until they are determined to
be HIV-uninfected or presumptively uninfected with HIV
(AIII). Prophylaxis is not recommended for infants who meet
criteria for definitively or presumptively HIV-uninfected. In
nonbreast-feeding infants with no positive HIV virologic test
results, presumptive exclusion of HIV infection can be based
on two negative virologic test results: one obtained at >2 weeks

Descargado de http://infosida.nih.gov/guidelines el dia 3/3/2013




48 MMWR

September 4, 2009

and one obtained at >4 weeks of age, one negative virologic
test result obtained at >8 weeks of age, or one negative HIV-
antibody test result obtained at >6 months of age. Definitive
exclusion of HIV infection is based on two negative virologic
test results: one obtained at >1 month of age and one obtained
at >4 months of age, or on two negative HIV-antibody test
results from separate specimens obtained at >6 months of age.
For both presumptive and definitive exclusion of infection,
the child should have no other laboratory (e.g., no positive
virologic test results) or clinical (e.g., no AIDS-defining condi-
tions) evidence of HIV infection.

Four drug regimens have been found effective and relatively
safe for preventing PCP in high-risk HIV-infected children
and adults.

Trimethoprim—sulfamethoxazole (TMP-SMX) (Cotrimox-
azole) is the drug of choice for prophylaxis because of its high
efficacy, relative safety, low cost, and broad antimicrobial
spectrum (AI). TMP alone has little, if any, anti-Preumocystis
activity, but it enhances the activity of the sulfonamide. The
prophylactic dosage is 150 mg/m? body surface area/day TMP
and 750 mg/m? body surface area/day SMX (approximately
5.0 mg/kg/day TMP and 25 mg/kg/day SMX) administered
orally in equally divided doses twice a day on 3 consecutive
days per week (433). The total daily dose should not exceed
320 mg TMP and 1600 mg SMX. For patients with impaired
renal function, a reduced dose may be necessary.

Alternatively, TMP—SMX can be administered daily 7 days
a week (Al) (434). TMP-SMX also is effective in prevent-
ing toxoplasmosis (435) and some bacterial infections (e.g.,
Salmonella, Haemophilus, Staphylococcus) (434,436—438).

Dihydropteroate synthase gene mutations in Preumocystis
from humans have been observed with TMP-SMX and dap-
sone prophylaxis, suggestive of possible drug resistance, but
studies for clinical correlates have not provided conclusive
results (427). More apparent is the association of prolonged
TMP-SMX prophylaxis for PCP with the emergence of selec-
tive pressure resistance of clinically important bacterial species
to TMP-SMX, a point to be considered in managing bacterial
infections in patients receiving prophylaxis (439,440).

Other effective and safe prophylaxis regimens are available
for patients unable to take TMP-SMX. A second choice would
be either atovaquone or dapsone (BI) (441). Atovaquone
is effective and safe but expensive. Dapsone is effective and
inexpensive but associated with more serious adverse effects
than atovaquone.

Atovaquone is administered with a meal as an oral yellow
suspension in single dosage of 30 mg/kg/day for patients 1-3
months and >24 months of age, and 45 mg/kg/day for infants
aged 4-24 months (442). Unlike TMP-SMX, atovaquone has

no antibacterial activity but is effective against Zoxoplasma

gondii. Azithromycin, in a single dosage of 5.0 mg/kg/day
has been used to supplement atovaquone for greater broad-
spectrum prophylaxis. The randomized, double-blind, placebo-
controlled study PACTG 254 compared TMP-SMX and
atovaquone plus azithromycin for 3 years (median) in 366
HIV-infected children qualifying for PCP prophylaxis (95).
Results showed atovaquone-azithromycin to be as effective
as TMP-SMX for preventing serious bacterial infections, as
well as PCP.

Dapsone can be administered on a daily or weekly schedule
as 2.0 mg/kg/day (maximum total dosage of 100 mg/day) or
4.0 mg/kg/week (maximum total dosage of 200 mg/week)
orally. Approximately two thirds of patients intolerant to TMP-
SMX can take dapsone successfully. Studies in adults show dap-
sone is as effective as atovaquone or aerosolized pentamidine
but slightly less effective than TMP-SMX (441,442).

Acrosolized pentamidine is recommended for children who
cannot take TMP-SMX, atovaquone, or dapsone and are old
enough to use nebulization with a Respirgard II® nebulizer
(Marquest, Englewood, CO) (BI). The dosage for all ages is
300 mg once a month (437). Adverse reactions among HIV-
infected children include cough, sneezing, and bronchospasm
(443).

Pyrimethamine-sulfadoxine (Fansidar®) also is recognized
as an effective prophylaxis regimen in adults (CIII). Although
this drug was effective in preventing PCP in Iranian orphan-
ages in the 1960s, it has not been evaluated adequately among
HIV-infected children.

The use of IV pentamidine is not recommended for pro-
phylaxis (EIII) (444).

Discontinuing Primary Prophylaxis

Studies of HIV-infected adults and children following
immune reconstitution after receipt of HAART demonstrate
acceptable low risks for PCP after discontinuation of pro-
phylaxis (46,445-449). Data from the PACTG 1008 study
evaluated 235 HIV-infected children and adolescents on anti-
retroviral therapy who received PCP prophylaxis >6 months
and achieved CD4 percentages of >20% for patients
aged >6 years and >25% for patients aged 2—6 years, after
which the prophylaxis was stopped (46). During the median
follow-up of 2.5 years (547 person-years), no cases of PCP
occurred; 9.4% of patients enrolled required reinstitution of
PCP prophylaxis during observation. These data, along with
data from studies in adults, support the expectation for very
low risk for PCP after prophylaxis is discontinued in children
who have achieved immune reconstitution.

Discontinuation of PCP prophylaxis should be considered
for HIV-infected children when, after receiving HAART
for >6 months, CD4 percentage is >15% or CD4 count is >200
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cells/mm? for patients aged >6 years (BII) and CD4 percentage
is >15% or CD4 count is >500 cells/mm?3 for patients aged
1-5 years (BII) for >3 consecutive months. Subsequently, the
CD4 percentage and count should be reevaluated at least every
3 months and prophylaxis reinstituted if the original criteria
for prophylaxis are reached (BIII). PCP prophylaxis is not to
be discontinued in HIV-infected infants aged <1 year.

Treatment Recommendations

Treatment of Disease

TMP-SMX is the recommended treatment for PCP (AI).
The dose for HIV-infected children aged >2 months is
15-20 mg/kg/day of the TMP componentand 75-100 mg/kg/day
of the SMX component administered intravenously in 3 or 4
divided doses, with the dose infused over 1 hour for 21 days
(AI). As the acute pneumonitis subsides, children with mild
to moderate disease who do not have malabsorption or diar-
rhea can be administered oral treatment with the same dose
of TMP-SMX in 3 or 4 divided doses to complete a 21-day
course (AII). Effective therapeutic serum concentrations of
5-10 pg/mL TMP can be reached with the recommended dose
administered orally in HIV-infected children (450).

IV pentamidine isethionate once daily is recommended for
patients who cannot tolerate TMP-SMX or who demonstrate
clinical treatment failure after 5-7 days of TMP-SMX therapy
(AI). No evidence exists for synergistic or additive effects on
efficacy of these agents; therefore, because of potential increased
toxicity, their combined use is not recommended (DIII).
Among patients with clinical improvement after 7-10 days
of IV therapy with pentamidine, an oral regimen (e.g., atova-
quone or TMP/dapsone) might be considered to complete a
21-day course (BIII).

Atovaquone is an alternative for treatment of mild to mod-
erately severe PCP in adults (BI) (95). Therapeutic data are
limited for children, but the dosage of 30-40 mg/kg/day in
two divided doses administered orally is established for chil-
dren <3 months and >24 months of age. Children aged 3-24
months require a higher dosage of 45 mg/kg/day (AII) (442).
The dosage for adolescents and adults is 750 mg twice daily.
Food increases the bioavailability of atovaquone approximately
threefold compared with that achieved with the fasting state.
Atovaquone concentration increases with coadministration of
fluconazole and prednisone and decreased by coadministra-
tion with acyclovir, opiates, cephalosporins, rifampin, and
benzodiazepines.

Dapsone/TMP is effective in treating mild to moderate PCP
among adults (BI) (451); data on toxicity and efficacy among
children are limited. The dosage of dapsone for adolescents
and adults is 100 mg (total dose) orally once daily and TMP

15 mg/kg/day divided into three daily doses administered for
21 days. Among children aged <13 years, a dapsone dosage of
2 mg/kg/day is required to achieve therapeutic levels in chil-
dren (AII) (452). The pediatric dose of TMP is 15 mg/kg/day
divided into three daily doses. Dapsone is less effective than
the combination (£53).

Clindamycin/primaquine has been used to treat mild to
moderate PCP among adults (BI); data for children are not
available (CIII). Primaquine is contraindicated for patients
with glucose-6-dehydrogenase deficiency because of the pos-
sibility of inducing hemolytic anemia. Dose information for
treating PCP is available only for adults. For patients weighing
>60 kg, clindamycin 600 mg intravenously every 6 hours for
10 days, then 300—450 mg orally every 6 hours to complete
21 days of treatment is recommended. Primaquine is adminis-
tered as 30 mg of base orally for 21 days. Dosing for children
is based on use of these drugs for treating other infections:
the usual pediatric dose of clindamycin for treating bacterial
infection is 10 mg/kg/dose every 6 hours, and the pediatric
dose of primaquine equivalent to an adult dose of 20 mg base
(when used for malaria) is 0.3 mg/kg/day of the base.

On the basis of studies in adults, a short course of corticos-
teroids is recommended in cases of moderate or severe PCD,
starting within 72 hours of diagnosis (AlI). Pediatric studies
have indicated reduced acute respiratory failure, decreased
need for ventilation, and decreased mortality with early use
of corticosteroids in HIV-infected children who have PCP
(454—456). Indications for corticosteroid treatment include a
PaO; value of <70 mm Hg or an alveolar-arterial gradient of
>35 mm Hg. Doses for children vary between studies. A com-
monly used scheme is prednisone on days 1-5, 1 mg/kg/dose
twice daily; days 6-10, 0.5 mg/kg/dose twice daily; and days
11-21, 0.5 mg/kg once daily. Alternative regimens include
1) adult dosage prednisone on days 1-5, 40 mg twice daily; days
6-10, 40 mg once daily; days 11-21, 20 mg once daily; and
2) methylprednisolone (IV) on days 1-7, 1 mg/kg/dose every
6 hours; days 8-9, 1 mg/kg/dose twice daily; days 10 and 11,
0.5 mg/kg/dose twice daily; days 12-16, 1 mg/kg once daily.

Some case reports have documented improved pulmonary
function with use of surfactant in cases of severe disease (e.g.,
respiratory distress syndrome with established respiratory
failure requiring ventilation) (457-459). Alterations in sur-
factant function and composition have been demonstrated in
HIV-infected adults with PCP (460). Data are insufficient to
recommend surfactant administration for PCP.

Monitoring and Adverse Events, Including IRIS

Clinical parameters to monitor the status of disease include
temperature, respiratory rate, arterial oxygen saturation, and
chest radiograph (461). Clinical improvement can be expected

Descargado de http://infosida.nih.gov/guidelines el dia 3/3/2013




50 MMWR

September 4, 2009

at a mean of approximately 4.5 + 2.5 days and radiographic
improvement at approximately 7.7 + 4.5 days (461).

IRIS has been less frequently associated with Preumocystis
infection (2% of 44 adults with IRIS) than with several other
OlIs in HIV-infected adults and children (462). Whether this
low rate is related to PCP prophylaxis is not known.

In children, adverse reactions to TMP-SMX include rash
(mild maculopapular in most cases but rarely erythema mul-
tiforme and Stevens-Johnson syndrome), hematologic abnor-
malities (e.g., neutropenia, thrombocytopenia, megaloblastic
or aplastic anemia), GI complaints (usually mild), hepatitis,
and renal disorders (e.g., interstitial nephritis) (463,464). Data
from a PACTG study of HIV-infected children at high risk
for PCP receiving TMP-SMX for a median of 3 years showed
28% had a rash, 9.3% had neutropenia, 8.8% had throm-
bocytopenia, and 2.2% had anemia (95). None were fatal or
nonreversible reactions. Some very mild reactions will resolve
while the drug is continued. With any significant adverse effect,
TMP-SMX should be withheld until the reaction has subsided.
Unless the reaction has been life-threatening, TMP-SMX
prophylaxis can be resumed, preferably by beginning with low
desensitizing daily doses and gradually increasing to full doses
(BII) (465,466). In adults, 75% of patients affected tolerate
rechallenge with TMP-SMX (466). The overall frequency of
adverse reactions appears to be lower among HIV-infected
children than among adults; approximately 15% of children
have substantial adverse reactions to TMP-SMX (446). If an
urticarial rash or Stevens-Johnson syndrome occurs, TMP-
SMX should be discontinued and not readministered (EIII).

The most common adverse drug reaction to pentamidine
isethionate is renal toxicity, which usually occurs after 2 weeks
of therapy and can be averted by adequate hydration and
careful monitoring of renal function and electrolytes. Severe
hypotension (particularly if infused rapidly), prolonged QT
interval (torsades de pointes), and cardiac arrhythmias can
occur. Hypoglycemia (usually after 5-7 days of therapy) or
hyperglycemia, hypercalcemia, hyperkalemia, pancreatitis,
and insulin-dependent diabetes mellitus also have been
reported. The patient may experience a metallic or bitter taste.
Serious adverse reactions to pentamidine have been reported
in approximately 17% of children receiving the drug (467).
This drug should not be administered with other nephrotoxic
drugs (e.g., aminoglycosides, amphotericin B, cisplatin, or
vancomycin) and with agents associated with pancreatitis
(e.g., didanosine).

With dapsone and TMP, the primary adverse reaction is
reversible neutropenia; other reactions include skin rashes,
elevated serum transaminases, methemaglobinemia, anemia,

and thrombocytopenia (451,453). Dapsone is the problematic

component of the combination and accounts for most of the
adverse reactions (442).

Skin rashes (10%—-15%), nausea, and diarrhea can occur
with atovaquone administration. Liver enzymes may increase
briefly. No serious toxicity or fatality has been demonstrated
from the use of atovaquone in adults or children.

Adverse reactions to clindamycin/primaquine include skin
rash, nausea, and diarrhea.

Management of Treatment Failure

An inflammatory reaction to antibiotic-induced killing of
the organism in the lungs can result in an initial early and
reversible deterioration during the first 3—5 days of therapy, so
an adequate trial of therapy is needed before switching drugs
because of lack of clinical improvement. Clinical failure is
defined by lack of improvement or worsening of respiratory
function documented by arterial blood gases after at least 4-8
days of anti-PCP treatment. Other concomitant infections
need to be excluded as causees of clinical failure. With evidence
of treatment failure after the use of TMP-SMX, drugs can be
changed. If tolerated, pentamidine isethionate is the drug of
next choice (BII). No evidence exists for synergistic or additive
therapeutic effects; therefore, because of potential increased
toxicity, their combination is not recommended.

Prevention of Recurrence

None of the drugs administered to treat and prevent PCP
completely eliminates Preumocystis, and prophylaxis is effective
only while the selected drug is administered. Patients who have
experienced an episode of PCP should have prophylaxis admin-
istered continuously after completion of treatment (AI).

Discontinuing Secondary Prophylaxis

In most patients, secondary prophylaxis can be discontinued
using the same criteria as for discontinuing primary prophy-
laxis. PCP prophylaxis is not to be discontinued in HIV-
infected infants <1 year. Children who present with clinical
signs and symptoms compatible with PCP after discontinu-
ation of prophylaxis should be evaluated thoroughly despite
normal or high CD4 counts or percentages (BII) (468).

Parasitic Infections
Cryptosporidiosis/Microsporidiosis
Epidemiology

Cryptosporidium spp. are protozoal parasites that mainly
cause enteric illness (e.g., chronic diarrhea) in humans and ani-
mals; the parasites have worldwide distribution. The three most
common species infecting humans are C. hominis, C. parvus,
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and C. meleagridis. In addition, infections with C. canis,
C. felis, C. muris, and Cryptosporidium pig genotype have been
reported in immunocompromised patients. Cryprosporidium
parasites usually invade the small bowel, but in immuno-
compromised hosts, the large bowel and extraintestinal sites
also are involved.

The parasite is transmitted by ingestion of oocysts excreted
in the feces of infected animals and humans. The parasite is
highly infectious, with an IDs( ranging from nine to 1042
oocysts, depending on the isolate (469). Infection occurs when
the ingested oocyst releases sporozoites, which attach to and
invade the intestinal epithelial cells. The parasite has a predilec-
tion for the jejunum and terminal ileum (469).

Person-to-person transmission is common in child care
centers; infants with cryptosporidiosis-associated diarrhea can
infect adults during diapering (470). Oocysts can contami-
nate recreational water sources (e.g., swimming pools, lakes)
and public water supplies and may persist despite standard
chlorination. Physical steps—flocculation, sedimentation, or
filtration—are necessary to remove the parasite from the water.
Outbreaks have been associated with ingestion of contaminated
drinking water in large metropolitan areas that have chlori-
nation but not filtration systems and with public swimming
pools (471). Foodborne and person-to-person spread have
been documented (469).

Cryptosporidiosis also occurs among international travelers.
Although fewer than 4000 such cases were reported each year
in the United States during 1995-2002, an estimated 300,000
persons are infected each year; underuse of diagnostic tests
and poor sensitivity of the older tests combined with under-
reporting are the main reasons for this difference (472). In
industrialized countries, the prevalence of cryptosporidiosis
among children is usually considered to range from 3.0% to
3.6% (473); it is reported more frequently among children in
developing countries (474—476).

Before the advent of effective antiretroviral therapy, cryp-
tosporidiosis was diagnosed primarily in patients with advanced
HIV disease and AIDS. However, the incidence has declined
dramatically in areas where HAART became widely available
(476,477).

Microspora spp. are obligate, intracellular, spore-forming
protozoa that primarily cause moderate to severe diarrhea
among children. They are related to fungi but defined by their
unique single polar tube that coils around the interior of the
spore (478). Many microsporidia were reported as pathogens
in humans, but Enterocytozoon bieneusi and Encephalitozoon
intestinalis are the most common microsporidia that cause
infection among patients with HIV infection. Other microspo-
ridia such as Encephalitozoon cuniculi, Encephalitozoon hellem,

Trachipleistophora hominis, T. anthropophthera, Pleistophora spp.,

P ronneeafiei, Vittaforma (Nosema) corneae, Microsporidium
spp., Nosema ocularum, Anncaliia (syns Brachiola/Nosema)
connori, A. (syn Brachiola) vesicularum, and A. (syns Brachiola/
Nosema) algerae also have been implicated in human infec-
tions. The Microspora parasites develop in enterocytes and are
excreted with feces and, like C. parvum, are transmitted by the
fecal-oral route, including through ingestion of contaminated
food or water (479). They cause infection in HIV-uninfected
children, elderly persons, travelers, and organ transplant recipi-
ents. Although the incidence of microsporidiosis has declined
dramatically in areas where HAART is used, it continues to

affect HIV-infected patients who are unable to receive or
continue HAART.

Clinical Manifestations

Symptoms of cryptosporidiosis develop after an incubation
period of 1 week. Frequent, usually nonbloody, persistent
watery diarrhea is the most common manifestation of both
cryptosporidial and microsporidial infection, with abdominal
cramps, fatigue, vomiting, anorexia, weight loss, and poor
weight gain. Fever and vomiting are relatively common in
children, mimicking viral gastroenteritis (474). In almost half
of the cases, the diarrhea persists for >2 weeks (480). Longer
episodes of diarrhea have been associated with increased risk
for recurrent episodes and weight loss (481). Among immuno-
compromised children, chronic severe diarrhea can result in
malnutrition, failure to thrive, and substantial intestinal fluid
losses, resulting in severe dehydration and even death. Clinical
history or physical examination does not allow differentiation
of cryptosporidial or microsporidial disease from those caused
by other pathogens.

Cryprosporidium can migrate into the bile duct and result
in inflammation of the biliary epithelium, causing acalculous
cholecystitis, and sclerosing cholangitis (482). Symptoms and
signs include fever, right upper abdominal pain, and elevated
alkaline phosphatase. Pancreatitis occurs rarely. Although
infection usually is limited to the GI tract, pulmonary or dis-
seminated infection can occur among immunocompromised
children.

The most common manifestation of microsporidiosis is GI
tract infection. In addition to the more common acute and
chronic diarrhea, microsporidia species have been described
as causing hepatitis, peritonitis, keratoconjunctivitis, myositis,
cholangitis, respiratory disease, sinusitis, encephalitis, and
disseminated disease (483). Different infecting species may
result in different clinical syndromes. Enterocytozoon bieneusi
is associated with malabsorption, diarrhea, and cholangitis.
Encephalitozoon cuniculi is associated with hepatitis, encepha-
licis, and disseminated disease. Encephalitozoon (syn Septata)
intestinalis is associated with diarrhea, disseminated infection,
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and superficial keratoconjuctivitis. Encephalitozoon hellem is
associated with superficial keratoconjunctivitis, sinusitis, respi-
ratory disease, prostatic abscesses, and disseminated infection.
Nosema, Vittaforma, and Microsporidium are associated with
stromal keratitis following trauma in immunocompetent hosts.
Pleistophora, Anncaliia, and Trachipleistophora are associated
with myositis. Trachipleistophora is associated with encephalitis
and disseminated disease.

Diagnosis

Because Cryprosporidium cannot be grown on laboratory
media, cryptosporidiosis usually is diagnosed by microscopic
identification of the oocysts in stool or tissue. Stool samples
are concentrated using the sucrose flotation or formalin-ethyl
acetate methods. Monoclonal antibody-based fluorescein-
conjugated stain for oocysts and an EIA to detect antigen in
stool are preferred to staining methods (e.g., with a modified
Kinyoun acid-fast stain) because of enhanced sensitivity and
specificity (484,485). Antigen-detection assays (e.g., enzyme-
linked immunosorbent assay, immunochromatography) are
available commercially that have good sensitivity and excellent
specificity (485,486). Molecular methods such as PCR hold
promise to further enhance sensitivity (487). Among persons
with profuse diarrheal illness, one stool specimen is usually
adequate for diagnosis. However, oocyst excretion can be
intermittent; therefore, the parasite might not be detected in
every stool, and among persons with milder disease, repeat stool
sampling is recommended. Organisms also can be identified
on small intestinal biopsy or intestinal fluid samples.

To diagnose microsporidia infection, thin smears of uncon-
centrated stool-formalin suspension or duodenal aspirates can
be stained with modified trichrome stain. Chemofluorescent
agents such as chromotrope 2R and calcofluor white (a fluores-
cent brightener) are useful as selective stains for microsporidia
in stool and other body fluids. Microsporidia spores are small
(1-5 pm diameter), ovoid, stain pink to red with modified
trichrome stain, and contain a distinctive equatorial-belt-like
stripe.

Urine sediment examination by light microscopy can be used
to identify microsporidia spores causing disseminated disease
(e.g., Encephalitozoonidae, Trachipleistophora). Transmission
electron microscopy or PCR (using specific primers) is needed
for speciation.

Endoscopic biopsy should be considered for all patients
with chronic diarrhea of >2 months” duration and negative
stool examinations. Touch preparations are useful for rapid
diagnosis (i.e., within 24 hours). Sensitive assays using PCR
amplification of parasite DNA sequences extracted from stool
or biopsy specimens have been developed for Cryprosporidium

and for Enterocyrozoon bieneusi (487,488) but are research tools
and not commercially available.

Prevention Recommendations

Preventing Exposure

Caregivers and HIV-infected children should be educated
and counseled about the different ways Cryprosporidium
can be transmitted. Modes of transmission include directly
contacting fecal material from adults, diaper-aged children,
and infected animals; contacting contaminated water during
recreational activities; drinking contaminated water; and eating
contaminated food.

Hand washing after exposure to potentially fecally contami-
nated material, including diapers, is important in reducing
the risk for Cryprosporidium infection. HIV-infected children
should not be allowed contact with ill pets or stool from pets,
particularly dogs and cats <6 months of age; stray pets; or
surfaces contaminated with human or animal stool. HIV-
infected children should avoid direct contact with calves and
lambs at farms or petting zoos.

HIV-infected children should not be allowed to drink water
directly from lakes or rivers, including swallowing water while
swimming or playing in recreational water. Caregivers and
HIV-infected children should be aware that lakes, rivers, salt-
water beaches, certain swimming pools, recreational water parks,
and ornamental water fountains might be contaminated with
human or animal waste that contains Cryprosporidium.

Some outbreaks of cryptosporidiosis have been linked to inges-
tion of water from municipal water supplies. During outbreaks
or in other situations in which a community advisory to boil
water is issued, water used in preparing infant formula and for
drinking should be boiled for >3 minutes to eliminate risk for
cryptosporidiosis.

Nationally distributed brands of bottled or canned carbonated
soft drinks are safe to drink. Commercially packaged noncarbon-
ated soft drinks and fruit juices that do not require refrigeration
until after they are opened (i.e., can be stored unrefrigerated
on grocery shelves) also are safe. Nationally distributed brands of
frozen fruit juice concentrate are safe if they are reconstituted
by the user with water from a safe water source. Fruit juices that
must be kept refrigerated from the time they are processed to the
time of consumption might be either fresh (i.e., unpasteurized) or
heat-treated (i.e., pasteurized); only juices labeled as pasteurized
should be considered free of risk from Cryprosporidium. Other
pasteurized beverages also are considered safe to drink.

Cryptosporidium-infected patients should not work as food
handlers, especially if the food to be handled is intended to be

eaten without cooking.
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In a hospital, standard precautions (i.e., use of gloves and
hand washing after removal of gloves) should be sufficient to
prevent transmission of cryptosporidiosis from an infected
patient to a susceptible HIV-infected person. However, because of
the potential for fomite transmission, some experts recommend
that severely immunocompromised HIV-infected patients not share
a room with a patient with cryptosporidiosis (CIII).

Similar to precautions for preventing cryptosporidiosis,
attention to hand washing and other personal hygiene measures
will reduce exposure to microsporidia.

Preventing First Episode of Disease

Because chronic Cryprosporidium infection occurs most
frequently in HIV-infected persons with advanced immune
deficiency, antiretroviral treatment of HIV-infected children
before development of severe immune deficiency is a primary
modality of prevention (AII).

Some observational studies from the pre-HAART era sug-
gested that rifabutin or clarithromycin prophylaxis for MAC
may be associated with decreased rates of cryptosporidiosis
(489,490). However, data are conflicting and insufficient to
recommend using these drugs solely for prophylaxis of cryp-
tosporidiosis. No chemoprophylactic regimens are known to
be effective in preventing microsporidiosis.

Discontinuing Primary Prophylaxis
Not applicable.
Treatment Recommendations

Treatment of Disease

Immune reconstitution resulting from HAART frequently
will result in clearance of Cryprosporidium and Microsporidium
infections. Effective HAART is the primary initial treatment
for these infections in HIV-infected children and adults (AII)
(477,491). Supportive care with hydration, correction of elec-
trolyte abnormalities, and nutritional supplementation should
be provided (AIII). Antimotility agents should be used with
caution among young children (CIII).

Cryptosporidium

No consistently effective therapy is available for cryptospori-
diosis, and duration of treatment among HIV-infected persons
is uncertain (492). Multiple agents have been investigated in
small randomized controlled clinical trials of HIV-infected
adults, including nitazoxanide, paromomycin, spiramycin,
bovine hyperimmune colostrum, and bovine dialyzable leu-
kocyte extract. No pharmacologic or immunologic therapy
directed specifically against C. parvum has yet been shown
consistently effective and durable when used alone without
con