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What’s New

After the 2013 full guidelines release, the Panel on Opportunistic Infections in HIV-Exposed and HIV-
Infected Children (the Panel) modified its process so that individual sections would be published as they
were updated, allowing for more timely appearance of new recommendations. Each section will be marked
with the date of its last update and the summary of changes will be listed below. For a full description of the
Guidelines for the Prevention and Treatment of Opportunistic Infections in HIV-Exposed and HIV-Infected
Children, see the updated Summary.

Additionally, the evidence review and recommendation rating system underwent major changes; this

new approach is incorporated into sections as they are individually updated. As a result, topics not yet
updated since the 2013 release reflect the former rating system, and sections updated since 2013 use a
newer, modified GRADE system. A description of the methods of collecting and synthesizing evidence and
formulating and rating recommendations appears in the Background and Recommendations Rating Scheme
section.

Major section revisions within the last 6 months are as follows:

August 29, 2019

1. Cryptosporidiosis: There are no major changes to the guidance for the diagnosis and management of
cryptosporidiosis in children and adolescents living with HIV. Minor updates to the main text of the
section include additional information on epidemiology, clinical manifestations and new diagnostic
methodologies, along with updated references and links to additional resources on preventive measures.
The section has been updated to reflect the new recommendation rating system.

August 22,2019

1 Giardiasis: There are no major changes to the guidance for the diagnosis and management of giardiasis
in children and adolescents living with HIV. Minor updates to the main text of the section include
information on new diagnostic methodologies and additional details on the approach to diagnosis when
giardiasis is suspected but stool testing is negative. The section has been updated to reflect the new
recommendation rating system and references were added.

February 8, 2019

1. Isosporiasis (Cystoisosporiasis): There are no major changes to the guidance for the diagnosis and
management of Isosporiasis (Cystoisosporiasis) in children and adolescents living with HIV. The section
has been updated to reflect the new recommendation rating system and references were added.
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Summary (Last updated November 5, 2018; last reviewed December 15, 2016)

This report updates the last version of the Guidelines for the Prevention and Treatment of Opportunistic
Infections (Ols) in HIV-Exposed and HIV-Infected Children, published in 2013.! These guidelines are
intended for use by clinicians and other health-care workers providing medical care for children living with
HIV (CLHIV) and children exposed to but not infected by HIV in the United States. The guidelines discuss
opportunistic infections that occur in the United States and ones that might be acquired during international
travel, such as malaria. A separate document providing recommendations for prevention and treatment of Ols
among adults and post-pubertal adolescents living with HIV (Guidelines for the Prevention and Treatment of
Opportunistic Infections in HIV-Infected Adults and Adolescents) was prepared by a panel of adult HIV and
infectious disease specialists (see http://aidsinfo.nih.gov/guidelines).

HIV-related immunodeficiency is a major risk factor for most of the infections that are discussed in this
document, and the prevention or reversal of HIV-related immunodeficiency with antiretroviral therapy (ART)
is a key part of prevention and management of OIs in general. Recommendations for ART in children in the
United States are developed and regularly updated by a separate panel of pediatric HIV experts (see Ped
ARYV Guidelines). In the United States, it has become standard practice for all children with HIV infection

to be treated with ART (see What to Start in the Ped ARV Guidelines). Therefore, the Panel has framed

its OI prevention and treatment recommendations on the expectation that children are already receiving or
preparing to start ART.

These guidelines are developed by a panel of specialists in pediatric HIV infection and infectious diseases (the
Panel on Opportunistic Infections in HIV-Exposed and HIV-Infected Children) from the U.S. government
and academic institutions. For each OI, one or more pediatric specialists with subject-matter expertise

reviews the literature for new information since the last guidelines were published, and then proposes revised
recommendations for review by the full Panel. After these reviews and discussions, the guidelines undergo
further revision, with review and approval by the Panel, and final review and endorsement by the National
Institutes of Health (NIH), Centers for Disease Control and Prevention (CDC), the HIV Medicine Association
(HIVMA) of the Infectious Diseases Society of America (IDSA), and the Pediatric Infectious Disease Society
(PIDS). The Panel also received input from the American Academy of Pediatrics (AAP).

After the 2013 full guidelines release, the Panel modified its process so that individual sections would

be published as they were updated, allowing for more timely appearance of new recommendations. Each
section will be marked with the date of its last update. The Panel’s goal is to review each section for updates
approximately every 2 years, with shorter intervals in response to availability of new treatments or relevant
research findings.

So that readers can ascertain how best to apply the recommendations in their practice environments, each
recommendation is rated for the strength of the recommendation and the quality of the evidence supporting that
recommendation. After the 2013 guidelines release, the evidence review and recommendation rating system
underwent major changes and this new approach is incorporated into sections as they are individually updated.
As a result, topics not yet updated since the 2013 release reflect the former rating system, and sections updated
since 2013 use a newer, modified GRADE system. A description of the methods of collecting and synthesizing
evidence and formulating and rating recommendations appears in the Background and Recommendations

Rating Scheme section.

Other guideline considerations appearing in Appendix 1 (Important Guidelines Considerations) include a
description of the make-up and organizational structure of the Panel, definition and management of conflicts
of interest, funding sources for the guidelines, public commentary, and plans for updating the guidelines. The
names and financial disclosures for each of the Panel members are listed in Appendices 2 and 3, respectively.

An important mode of childhood acquisition of OIs and HIV infection is from infected mothers. Women
living with HIV (WLHIV) may be more likely to have coinfections with opportunistic pathogens (e.g.,
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hepatitis C), and more likely than women who are not HIV-infected to transmit these infections to their
infants. In addition, women or other family members living with HIV coinfected with certain opportunistic
pathogens, may be more likely to transmit these infections horizontally to their children, resulting in
increased likelihood of primary acquisition of such infections in young children. Furthermore, transplacental
transfer of antibodies that protect infants against serious infections may be lower in WLHIV than in women
who are HIV-uninfected. Therefore, infections with opportunistic pathogens may affect not just infants living
with HIV but also infants who were exposed to but not infected by HIV. These guidelines for treating Ols in
children, therefore, consider treatment of infections in all children—those living with HIV and those who do
not have HIV—born to WLHIV.

In addition, HIV infection is increasingly common in adolescents who are long-time survivors of perinatal
infection, or who acquired HIV infection as teens. Guidelines for post-pubertal adolescents can be found in
the adult OI guidelines, but drug pharmacokinetics (PK) and response to treatment may differ in younger
adolescents who are prepubertal or in an early stage of puberty. Therefore, these guidelines also apply to
treatment of youth living with HIV who have not yet completed pubertal development.

The most important recommendations are highlighted in boxed major recommendations preceding each
section, and a table of dosing recommendations appears at the end of each section. The guidelines conclude
with summary tables that display dosing recommendations for all of the conditions, drug toxicities, and drug
interactions, and figures summarizing immunization recommendations.

CD4+ T-lymphocyte (CD4) cell count and CD4 percentage are well-established measures of immune status
in HIV infection. HIV disease stage—and risk of Ol—is categorized based on age-specific CD4 counts and
CD4 percentages.? Note that CD4 thresholds for young children (<5 years old) are different from those for
older children (>6 years old), adolescents and adults (see Table 1). Historically, CD4 percentage was more
commonly used in studies of children with HIV infection because CD4 percentages have less age-related
variation while CD4 counts normally decline with increasing age; furthermore, studies which characterized
Ol risk, and evaluated prevention and treatment interventions, were not consistent in the CD4 values they
used. As a result, the evidence supporting OI recommendations is presented according to the CD4 values
used in the relevant studies, but, in many cases, the recommendations will be adjusted to reflect the current
thresholds for CD4-defined HIV disease stage.? In addition, if the recommendation is expressed in terms of
CD4 count, then a footnote may be used to indicate the corresponding CD4 percentages, and vice-versa.

Table 1: HIV infection stage* based on age-specific CD4+ T-lymphocyte (CD4) count or CD4
percentage of total lymphocytes

Age on date of CD4 test
<1 year 1-5 years =6 years
Stage Cells/uL % Cells/uL % Cells/uL %
1 21,500 =34% 21,000 230 =500 226
2 750-1499 26-33 500-999 22-29 200-499 14-25
3 <750 <26 <500 <22 <200 <14

* The stage is based primarily on the CD4 count; the CD4 count takes precedence over the CD4 percentage, and the percentage is
considered only if the count is missing. If a stage-3-defining opportunistic illness has been diagnosed (see MMWR 2014 Appendix), then the
stage is 3 regardless of CD4 test resullts.

Modified from: Centers for Disease Control and Prevention: 1994 revised classification system for human immunodeficiency virus infection in
children less than 13 years of age MMWR 1994;43(No. RR-12); and Centers for Disease Control and Prevention: Revised Surveillance Case
Definition for HIV Infection—United States, 2014. MMWR 2014;63(No. RR-3):1-10.

The terminology for describing use of antiretroviral (ARV) drugs for treatment of HIV infection has been
standardized to ensure consistency within the sections of these guidelines. Combination antiretroviral therapy
(cART) and its older synonym, highly active antiretroviral therapy (HAART), historically refer to the use of
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multiple (generally 3 or more) ARV drugs from different classes as part of an HIV treatment regimen that is
designed to achieve virologic suppression. The term ART has been used when referring to use of ARV drugs
for HIV treatment more generally, including cART and (mostly historical) use of 1- or 2-agent ARV regimens
that do not meet criteria for cART. In these guidelines, we will use ART as the preferred term and only use
cART or HAART when necessary for historical purposes.

Because treatment of Ols is an evolving science, and availability of new agents or clinical data on existing
agents may change therapeutic options and preferences, these recommendations will be periodically updated
and will be available at http://AIDSinfo.nih.gov.
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Background (Last updated December 15, 2016; last reviewed December 15, 2016)

Opportunistic Infections in Children Living with HIV Infection (CLHIV) in the Era of
Combination Antiretroviral Therapy

In the era before development of potent ART regimens, OlIs were the primary cause of death in children
living with HIV (CLHIV).! Current ART regimens suppress viral replication, provide significant immune
reconstitution, and have resulted in a substantial decrease in AIDS-related OIs and deaths in both adults and
children.>¢

Despite this progress, prevention and treatment of Ols remain critical components of care for CLHIV. Ols
continue to be the presenting symptom of HIV infection among children whose HIV-exposure status is
unknown, usually because of lack of maternal antenatal HIV testing or unrecognized acquisition of HIV
infection during adolescence. For infants and children with known HIV infection, barriers such as inadequate
medical care, lack of availability of suppressive ART regimens in the face of extensive prior treatment and drug
resistance, caregiver substance abuse or mental illness, and multifactorial adherence difficulties may hinder
effective HIV treatment and put them at risk of Ols, even in the ART era. These same barriers may then impede
provision of primary or secondary OI prophylaxis to children for whom such prophylaxis is indicated. In
addition, concomitant OI prophylactic drugs may only exacerbate the existing difficulties in adhering to ART.
Multiple drug-drug interactions between OI, ARV, and other compounds that result in increased frequency

of adverse events and decreased treatment efficacy may limit the choice and continuation of both ART and
prophylactic regimens. Finally, immune reconstitution inflammatory syndrome (IRIS), initially described in
adults living with HIV but also seen in CLHIV, can complicate treatment of OIs when ART is started or when
optimization of a failing regimen is attempted in patients with acute Ols. Thus, prevention and treatment of Ols
in CLHIV remain important even in the ART era.

History of the Guidelines

In 1995, the U.S. Public Health Service (USPHS) and IDSA developed guidelines for preventing Ols in adults,
adolescents, and children infected with HIV.® These guidelines, developed for health-care providers and their
patients living with HIV, were revised in 1997, 1999, and 2002.7° In 2001, NIH, 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 infants, children,
and adolescents living with HIV—including differences between adults and children in mode of acquisition,
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.'° In 2009,
recommendations for preventing and treating OlIs in CLHIV and children exposed to but not infected by HIV
were updated and combined into one document; a similar document on preventing and treating Ols among
adults living with HIV, prepared by a separate group of adult HIV and infectious disease specialists, was
developed at the same time. Both sets of guidelines were prepared by the Opportunistic Infections Working
Group under the auspices of the Office of AIDS Research (OAR) of NIH. For the 2013 document and updates
since 2013, the Opportunistic Infections Working Group, again under the auspices of OAR, convened a panel
of pediatric specialists with expertise in specific Ols. For each section, members of the Panel review the
literature since the last publication of that section of prevention and treatment guidelines, confer over several
months, and produce draft guidelines. These draft guidelines are revised based on review by the full Panel
and review and approval by the core writing group members. The final version is further reviewed by OAR,
experts at CDC, the HIVMA of IDSA, the PIDS, and AAP before final approval and publication.

These guidelines are a companion to the Guidelines for Prevention and Treatment of Opportunistic Infections
in HIV-Infected Adults and Adolescents.'! Clinicians providing care for adolescents are advised to use the Adult
and Adolescent guidelines for guidance on the care of post-pubertal adolescents (sexual maturity rating [SMR]
IV and V) and to use the Pediatric guidelines for guidance on the care of adolescents at SMR III or lower.
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Sexual Maturity Rating

GIRLS

Breast Development Stage Pubic Hair Growth

Prepubertal; nipple elevation only 1 Prepubertal; no pubic hair

Small, raised breast bud 2 Sparse growth of hair along labia

General enlargement of raising of breast and areola 3 Pigmentation, coarsening and curling, with an

increase in amount

Further enlargement with projection of areola and nipple as

secondary mound 4 Hair resembles adult type, but not spread to
medial thighs

Mature, adult contour, with areola in same contour as breast,

and only nipple projecting 5 Adult type and quantity, spread to medial thighs

BOYS

Genital Development Stage Pubic Hair Growth

Prepubertal; no change in size or proportion of testes,

scrotum and penis from early childhood 1 Prepubertal; no pubic hair

Enlargement of scrotum and testes; reddening and change in

texture in skin of scrotum; little or no penis enlargement 2 Sparse growth of hair at base of penis

Increase first in length then width of penis; growth of testes

and scrotum 3 Darkening, coarsening and curling, increase in
amount

Enlargement of penis with growth in breadth and development
of glans; further growth of testes and scrotum, darkening

of scrotal skin 4 Hair resembles adult type, but not spread to
medial thighs
Adult size and shape genitalia 5 Adult type and quantity, spread to medial thighs

Source: Tanner JM. Growth at adolescence. Oxford: Blackwell Scientific Publications, 1962

Treatment of Ols is an evolving science, and availability of new agents or clinical data on existing agents
may change therapeutic options and preferences. As a result, these recommendations will need to be
periodically updated.

Because these guidelines target CLHIV and children exposed to but not infected by HIV in the United States,
the opportunistic pathogens discussed are those common to the United States and do not include certain
pathogens such as Penicillium marneffei that may be seen almost exclusively outside the United States, that
are common but seldom cause chronic infection (e.g., chronic parvovirus B19 infection), or that have the
same risk, disease course, and approach to prevention and treatment in all children regardless of HIV status
(e.g., streptococcal pharyngitis). The document is organized to provide information about the epidemiology,
clinical presentation, diagnosis, and treatment of each pathogen.

The tables at the end of this document summarize recommendations for dosing of medications used for
treatment and prevention of Ols in children (Tables 1-3), drug preparation and toxicity information for
children (Table 4), and drug-drug interactions (Table 5). Vaccination recommendations for HIV-infected
children and adolescents are presented in Figures 1 and 2 at the end of the document.
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2013 Rating Scheme for Pediatric Opportunistic Infections Recommendations
(Used for all sections last updated in 2013)

In 2013, recommendations were rated using the rating system noted in the 2013 Pediatric Opportunistic
Infections Recommendations Rating Scheme below. This rating scheme includes explanatory text that
reviews the evidence and the panel’s assessment. The letters A, B, and C represent the strength of the
recommendation for or against a preventive or therapeutic measure and are based on assessing the balance
of benefits and risks of adhering compared to not adhering to the recommendation. Roman numerals I, I*, I,
IT*, and III indicate the quality of evidence supporting the recommendation and are based on study design.
Roman numerals with asterisks describe types of evidence where a higher quality of evidence exists for
adults compared to children.

Strength of Recommendation Rating A—Strong. The benefit associated with adhering to the
recommendation nearly always outweighs the risk of not adhering to the recommendation. The
recommendation applies to most patients in most circumstances and should be adhered to by clinicians unless
there exists a compelling rationale for an alternative approach.

Strength of Recommendation Rating B—Moderate. The benefit associated with adhering to the
recommendation outweighs the risks of not adhering to the recommendation more often than not but not as
frequently as a recommendation with an A Rating. The recommendation applies to many patients in some
circumstances.

Strength of Recommendation Rating C—Optional. It is unclear whether the benefits associated with
adhering to the recommendation outweigh the risks of not adhering to the recommendation; other alternatives
may be equally reasonable.

Quality of Evidence Rating —Randomized Clinical Trial Data. Quality of Evidence Rating I will be
used if there are data from large randomized trials in children with clinical and/or validated laboratory
endpoints. Quality of Evidence Rating I* will be used if there are high-quality randomized clinical trial
data in adults with clinical and/or validated laboratory endpoints and substantial pediatric data from well-
designed, non-randomized trials or observational cohort studies with long-term clinical outcomes that
are consistent with the adult studies. A rating of [* may be used for quality of evidence if, for example,

a randomized Phase III clinical trial in adults demonstrates a drug is effective in ARV-naive patients and
data from a non-randomized pediatric trial demonstrate adequate and consistent safety and PK data in the
pediatric population.

Quality of Evidence Rating II—Non-Randomized Clinical Trials or Observational Cohort Data. In
the absence of large, well-designed, pediatric, non-randomized trials or observational data, adult data from
high-quality non-randomized clinical trials or observational cohort studies may be used if there are sufficient
pediatric data consistent with the adult studies. Quality of Evidence Rating II will be used if there are data
from well-designed, non-randomized trials or observational cohorts in children. Quality of Evidence Rating
IT* will be used if there are well-designed, non-randomized trials or observational cohort studies in adults
with supporting and consistent information from smaller non-randomized trials or cohort studies with
clinical outcome data in children. A rating of II* may be used for quality of evidence if, for example, a large
observational study in adults demonstrates clinical benefit to initiating treatment at a certain CD4 cell count
and data from smaller observational studies in children indicate that a similar CD4 count is associated with
clinical benefit.

Quality of Evidence Rating III—Expert Opinion. Where neither clinical trial nor observational data exist,
we rely on expert opinion.
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Pediatric Opportunistic Infections Recommendations Rating Scheme

Strength of Recommendation Quality of Evidence for Recommendation

A: Strong recommendation for the statement I:  One or more randomized trials in children” with clinical

B: Moderate recommendation for the statement outcomes and/or validated laboratory endpoints

I*:  One or more randomized trials in adults with clinical outcomes
and/or validated laboratory endpoints with accompanying data
in children’ from one or more well-designed, nonrandomized
trials or observational cohort studies with long-term clinical
outcomes

C: Optional recommendation for the statement

lIl:  One or more well-designed, non-randomized trials or
observational cohort studies in children® with long-term clinical
outcomes

II*: One or more well-designed, non-randomized trials or
observational cohort studies in adults with long-term clinical
outcomes with accompanying data in children’ from one or
more smaller nonrandomized trials or cohort studies with clinical
outcome data

lll: Expert opinion

T Studies that include children or children/adolescents, but not studies limited to post-pubertal adolescents

Note: In circumstances where there is level | or level Il evidence from studies in adults with accompanying data in children that come only
from small, non-randomized trials or cohort studies with clinical outcomes, experts assigned a rating of I* or II*, respectively, if they judged the
evidence from children sufficient to support findings from adult studies. In circumstances where there is level | or

level Il evidence from studies in adults with no or almost no accompanying data in children, experts assigned a rating of IIl.

Modified GRADE Process for Evidence Review and Recommendation Formulation and
Rating

Beginning in 2015, the Pediatric OI Guidelines adopted a “modified GRADE” approach for the evidence
review and formulation of recommendations to make the process more systematic and transparent and to be
responsive to requests from our endorsing organizations to have a more systematic, standardized approach.

For more background about guidelines development from IDSA, see the IDSA Handbook on Clinical
Practice Guideline Development.

(A) Modified Grade Process for Evidence Review for Pediatric Ol Guideline Recommendations

1. Expert authors make a list of recommendations/topics to consider for recommendations in the
revision.

2. Each potential recommendation is turned into a “PICO” question. PICO questions specify
Population of interest, Intervention being considered, Comparison intervention or condition, and
Outcomes of interest. For example: Would treatment of [population] children with HIV infection with
[intervention] intravenous immune globulin (IVIG), [comparison] compared to no IVIG, prevent
[outcomes] serious bacterial infections or death?

3. A systematic literature review is conducted to assemble the available evidence that pertains to
the PICO question. In collaboration with an NIH librarian, a literature search is conducted using a
standardized “‘search strategy.” The initial literature search in 2015 extended back to January 2013 and
has been updated thereafter with new publications from the search strategy about every 6 months. Peer-
reviewed literature is preferred for evidence but meeting abstracts can be used on a case-by-case basis.
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4. For each PICO question, the evidence is reviewed and the quality of the evidence rated in a

TABLE. The template for these Tables is provided below. These tables will be posted on the Guidelines
website, with links from the corresponding Ol section, but will not be integrated into the Ol section
document. These tables will make it easier for readers to understand the sources and quality of underlying
evidence that supports the recommendations.

Note: If there is high-quality evidence from clinical trials that informs a recommendation, observational
and smaller studies can be omitted from the summary table.

Note: If an evidence-based guideline (e.g., by CDC or IDSA) has already made a rated recommendation
that applies to children with HIV infection, then that existing guideline can be referenced without
repeating the evidence review and summary.

a. The quality of evidence reflects the extent to which the confidence in findings is adequate to support
a particular recommendation. GRADE offers 4 levels for the quality of evidence: high, moderate,
low, and very low.

b. The quality of evidence is determined by the following process:

i. Basic study design: randomized, controlled trials generally start as high quality; observational
studies start as low quality (moderate, if large and well-designed).

ii. Quality is downgraded for risk of bias, imprecise estimates, inconsistency, and indirectness
(including evidence from adult studies applied to children).

iil. Quality is upgraded for large effect size and dose-response gradient, or if likely biases would
reduce apparent effect.

The text of the recommendation is composed. Each PICO question should have at least 1
recommendation (unless the conclusion following evidence review is that a recommendation was not
warranted). Recommendations are written with unambiguous language and clearly defined terms.
Information that contains areas of uncertainty or controversy is documented within the recommendation.
Specific sub-population variability and exceptions are noted in the recommendations.

Note: For strong recommendations, appropriate wording is “recommend” or “should” and for weak
recommendations, “suggest” or “consider.”

The recommendation is assigned a strength: strong or weak. The strength of recommendation
reflects the extent to which one can be confident that the desirable consequences of an intervention
outweigh the undesirable ones.

7. An overall rating of quality of evidence is assigned: high, moderate, low, and very low. This rating

8.

is based on the evidence reviewed in the Table, which may contain studies of varying quality.

Note: If an evidence-based guideline (e.g., by CDC or IDSA) has already made a rated recommendation
that applies to children with HIV infection, then the recommendation and its same/analogous rating are
taken from the other guideline.

A brief overall narrative is written that synthesizes how the available evidence supports the
recommendation. This narrative is based on the evidence Table with an effort to avoid repeating detailed
descriptions of each study. When multiple trials have yielded similar, non-controversial results, a single
sentence with appropriate references may suffice. Long, descriptive paragraphs of the methodology and
findings of individual trials are discouraged. This narrative will appear in the body of the document,
immediately after the recommendation.

Note: If an evidence-based guideline (e.g., by CDC or IDSA) has already made a rated recommendation
that applies to children with HIV infection, there will be one sentence that indicates that the
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recommendation is based on the review and assessment of the guideline used.

9. Table of Dosing Recommendations

TEMPLATE for PICO Questions for Evidence Summary and Rating of Quality

PICO Question & Tabular EVIDENCE SUMMARY

Question:

evidence tables in your section.]

Search terms™: ['NOTE: Search terms can be placed at top of document, instead of in individual tables, if they apply to all of the

Reference | Study Patient Intervention | Comparison
design characteristics

(N)

Outcome
measures

Main
Findings

Evidence quality:

(1) Begin with basic study design.
Generally, randomized clinical trials start
as high quality; observational studies start
as low quality (moderate, if large and well
designed).

(2) Downgrade for risk of bias, imprecise
estimates, inconsistency, and indirectness
(including evidence from adult studies
applied to children).

(3) Upgrade for large effect size and dose-
response gradient, or if likely biases would
reduce apparent effect.

(B) Organization & Format of Each Topic Section
1. Box

Clinical “PICO” questions with accompanying rated recommendations.

2. Introduction/Overview

Brief discussion of epidemiology, clinical presentation, diagnosis, prevention, and treatment of each

pathogen.

3. Rated recommendations and supporting evidence narratives for each prevention/treatment

category

a. Prevention/treatment categories

i. Primary Prevention: preventing exposure; preventing first episode of disease; discontinuing

primary prophylaxis

ii. Treatment: primary treatment (of infection/disease); monitoring of treatment response and
adverse events (including IRIS); management of treatment failure

iii. Secondary Prevention: preventing recurrence; discontinuing secondary prophylaxis

b. Within each category (e.g., preventing exposure)

i.  “PICO” question

ii. Recommendation with strength and evidence quality rating in parentheses

Recommendation text (strong or weak; high, moderate, low, very low)

iii. Brief narrative discussing the recommendation and its rationale

4. Reference list
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Preventing Vaccine-Preventable Diseases in HIV-Infected Children
and Adolescents (Last updated November 6, 2013; last reviewed November 6, 2013)

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 0 to 18 years are published annually by the Centers for Disease Control and Prevention (see
http://www.cdc.gov/vaccines/schedules/hcp/child-adolescent.html). These schedules are compiled from
approved, vaccine-specific policy recommendations and are standardized among the major vaccine policy-
setting and vaccine-delivery organizations (i.e., the Advisory Committee on Immunization Practices [ACIP],
American Academy of Pediatrics, and American Academy 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 HIV-exposed and HIV-infected children aged 0 to 18 years correspond to the
ACIP-approved schedule with ACIP-approved additions specific to HIV-infected children incorporated (see
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—whether killed whole organism or recombinant, subunit, toxoid, polysaccharide, or
polysaccharide protein-conjugate—can be administered safely to individuals with altered
immunocompetence. In addition, because of the risks of increased vaccine-preventable disease severity in
HIV-infected children, specific vaccines like pneumococcal conjugate vaccine are also recommended or
encouraged for children beyond the routinely recommended ages for healthy children (if not previously
administered at routinely recommended ages in early childhood); additional vaccines are also recommended,
such as pneumococcal polysaccharide vaccine for children aged >2 years following receipt of pneumococcal
conjugate vaccine. Similarly, before influenza vaccination was routinely recommended for children aged >6
months, trivalent influenza vaccine (TIV) was routinely recommended for HIV-infected children because of
their increased risk of severe disease. TIV continues to be recommended for HIV-infected children as part of
routine prevention for influenza.! If inactivated vaccines are indicated for individuals with altered
immunocompetence, the usual doses and schedules are often recommended. However, the effectiveness of
such vaccinations may be suboptimal.?

Patients with severe cell-mediated immunodeficiency should not receive live-attenuated vaccines. However,
HIV-infected children are at higher risk than immunocompetent children for complications of varicella,
herpes zoster, and measles—diseases for which only live vaccines are available. On the basis of limited
safety, immunogenicity, and efficacy data in HI'V-infected children, varicella vaccine can be considered for
HIV-infected children who are not severely immunosuppressed (i.e., children with CD4 T lymphocyte (CD4)
cell percentages >15% and those aged >5 years with CD4 counts >200 cells/uL).>* Two doses of measles,
mumps, and rubella (MMR) vaccine are recommended for all HIV-infected individuals aged >12 months
who do not have evidence of current severe immunosuppression (i.e., individuals aged <5 years must have
CD4 percentages >15% for >6 months and those aged >5 years must have CD4 percentages >15% and CD4
cell counts >200 lymphocytes/mm? for >6 months) or other current evidence of MMR immunity.’

Limited data are available from clinical trials on the safety of rotavirus vaccines in infants known to be HIV-
infected; these infants were clinically asymptomatic or mildly symptomatic when vaccinated.® The limited
data available do not indicate that rotavirus vaccines have a substantially different safety profile in HIV-
infected infants who are clinically asymptomatic or mildly symptomatic than in infants who are
HIV-uninfected. Two other considerations support rotavirus vaccination of HIV-exposed or HIV-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 about 2% of HIV-exposed infants in the United States will be
determined to be HIV-infected);’ and second, vaccine strains of rotavirus are considerably attenuated.
Consultation with an immunologist or infectious disease specialist is advised for infants with known or
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suspected altered immunocompetence, such as HIV-infected infants with low CD4 percentage or number,
before rotavirus vaccine is administered.

For certain vaccines (such as Hepatitis A) the response to vaccination may be higher following combination
antiretroviral therapy (cART)? or there may be variation in immunogenicity on the basis of viral load
(improved immune response with lower HIV viral load), such as with yellow fever vaccine.’ For other
vaccines, patients with higher CD4 cell counts have improved immune response, which also means that
response (e.g., to vaccination for influenza, MMR, yellow fever) likely would be improved after cART.!*%1°
For children vaccinated before taking cART, there is concern about lack of protection from pre-cART
vaccines and debate about need for routine re-immunization once on effective cART.'®!" On the basis of low
rates of measles seroprotection in children who received MMR before cART and the safety and high rates of
measles seroprotection associated with MMR re-immunization once children were receiving cART,'? the
ACIP made specific recommendations for routine MMR re-immunization after cART. Individuals with
perinatal HIV infection who were vaccinated prior to establishment of effective cART should receive two
appropriately spaced doses of MMR vaccine once effective cART has been established (individuals aged <5
years must have CD4 percentages >15% for >6 months and those aged >5 years must have CD4 percentages
>15% and CD4 cell count >200 lymphocytes/mm? for >6 months) unless they have other acceptable current
evidence of MMR immunity.® For some vaccines, such as for hepatitis B, ACIP recommends performing
post-vaccination serology to ensure immune response.

Consult the specific ACIP statements (available at http://www.cdc.gov/vaccines/pubs/ACIP-list.htm) for
more detail regarding recommendations, precautions, and contraindications for use of specific vaccines
(http://www.cdc.gov/mmwr/PDF/rr/rr4608.pdf and http://www.cdc.gov/mmwr/pdf/rr/rr5602.pdf).>*813-23
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Bacterial Infections (Last updated November 6, 2013; last reviewed November 6, 2013)

Panel’s Recommendations

¢ Status of vaccination should be reviewed at every clinical encounter and indicated vaccinations provided, according to the
established recommendations for immunization of HIV-infected children (Alll).

¢ Routine use of antibiotics solely for primary prevention of serious bacterial infections is not recommended (BIlI).
Discontinuation of antibiotic prophylaxis is recommended for HIV-infected children receiving antibiotics for the purpose of
primary or secondary prophylaxis of serious bacterial infections once they have achieved sustained (=3 months) immune
reconstitution: (CD4 T lymphocyte [CD4] cell percentage =25% if <6 years old; CD4 percentage =20% and CD4 count >350
cells/mm? if =6 years old) (BIl).

* Intravenous immune globulin is recommended to prevent serious bacterial infections in HIV-infected children who have
hypogammaglobulinemia (IgG <400 mg/dL) (Al).

¢ HIV-infected children whose immune systems are not seriously compromised (CDC Immunologic Category 1) and who are not
neutropenic can be expected to respond the same as HIV-uninfected children and should be treated with the usual antimicrobial
agents recommended for the most likely bacterial organisms (Alll).

» Severely immunocompromised HIV-infected children with invasive or recurrent bacterial infections require expanded empiric
antimicrobial treatment covering a broad range of resistant organisms (Alll).

 |Initial empiric therapy for HIV-infected children with suspected intravascular catheter sepsis should target both gram-positive
and enteric gram-negative organisms, with combinations that have activity against Pseudomonas spp. and methicillin-resistant
Staphylococcus aureus (MRSA) (Alll).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: | = One or more randomized trials in childrent with clinical outcomes and/or validated endpoints; |* = One or
more randomized trials in adults with clinical outcomes and/or validated laboratory endpoints with accompanying data in children?
from one or more well-designed, nonrandomized trials or observational cohort studies with long-term clinical outcomes; Il = One
or more well-designed, nonrandomized trials or observational cohort studies in childrent with long-term outcomes; II* = One or
more well-designed, nonrandomized trials or observational studies in adults with long-term clinical outcomes with accompanying
data in children’ from one or more similar nonrandomized trials or cohort studies with clinical outcome data; Il = Expert opinion

1 Studies that include children or children/adolescents, but not studies limited to post-pubertal adolescents

Bacterial Infections, Serious and Recurrent
Epidemiology

Before combination antiretroviral therapy (cART) was available, serious bacterial infections were the most
commonly diagnosed opportunistic infections in HIV-infected children, with an event rate of 15 per 100 child-
years.! 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.
Less serious bacterial infections such as otitis media and sinusitis were particularly common (17-85 per 100
child-years) in untreated HIV-infected children.?

Since the advent of cART, bacterial infections in HIV-infected children have decreased substantially,®* and
predominate in children who have not had a sustained response to cART.? The rate of pneumonia has decreased
to 2 to 3 per 100 child-years,*” similar to the rate of 3 to 5 per 100 child-years in HIV-uninfected children.®®
The rate of bacteremia/sepsis during the cART era also has decreased dramatically to 0.35 to 0.37 per 100
child-years,>®!° but it remains substantially higher than that of invasive pneumococcal disease in U.S. children
(0.018 and 0.0022 per 100 child years for those aged <5 and 5-17-year-olds, respectively).!! Rates of sinusitis
and otitis in cART-treated children are substantially lower than in the pre-cART era (2.9-3.5 per 100 child-
years), but remain higher than those in HIV-uninfected children.®
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Pneumonia

Acute pneumonia, often presumptively diagnosed in children, was associated with increased risk of long-term
mortality in HIV-infected children in one study during the pre-cART era.!> HIV-infected children not receiving
cART who present with pneumonia are more likely to be bacteremic and to die than are HIV-uninfected children
with pneumonia.'® Children with chronic lung disease, including bronchiectasis, complicating repeated episodes
of infectious pneumonia or lymphocytic interstitial pneumonitis,'# 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, non-typeable Haemophilus influenzae) and Pseudomonas spp.

Streptococcus pneumoniae

S. pneumoniae is 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%15-19
HIV-infected children have a markedly higher risk of pneumococcal infection than do HIV-uninfected
children.?*?! In a Philadelphia cohort, the incidence of invasive pneumococcal disease (IPD) in HIV-infected
children decreased by more than 80% from 1.9 per 100 patient-years before cART to 0.3 per 100 in the cART
era.”? The rate of hospitalization for IPD in HIV-infected children and youth also declined by nearly 80% since
introduction of routine use of cART and pneumococcal conjugate vaccine.? In children with invasive
pneumococcal infections, study results vary on whether penicillin-resistant pneumococcal strains are more
commonly isolated from HIV-infected than HIV-uninfected patients.!”?2242 Invasive disease caused by
penicillin-nonsusceptible pneumococcus was associated with longer duration of fever and hospitalization but not
with greater risk of complications or poorer outcome in a study of HIV-uninfected children;?® however, most
IPD in HIV-infected children is not caused by non-susceptible pneumococci.?? In 2010, the 7-valent
pneumococcal conjugate vaccine (licensed in 2000) was replaced by a 13-valent vaccine (including coverage for
serotype 19A) for routine use in all children, including HIV-infected children.?” The impact of routine use of 13-
valent conjugate vaccine on invasive pneumococcal disease in HIV-infected children is not yet known.

Haemophilus influenzae Type b

HIV-infected children are at increased risk of Haemophilus influenzae type b (Hib) infection. 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 in those who were HIV-infected
than those who were uninfected, and HIV-infected children were at greater risk for bacteremic pneumonia.?®
Hib infection is rare in HIV-infected children in the United States because routine Hib immunization confers
direct protection to immunized HIV-infected children and herd immunity confers indirect protection.?

Neisseria meningitidis (Meningococcus)

HIV infection is associated with an increased risk of meningococcal disease.’**! In a population-based study
of invasive meningococcal disease in Atlanta, Georgia,’! as expected, the annual rate of disease was higher in
18- to 24-year-olds (1.17 per 100,000) than for all adults (0.5 per 100,000), but the estimated annual rate in
HIV-infected adults was substantially higher (11.2 per 100,000). There are no studies of meningococcal
disease risk in HIV-infected children in the United States. However, in a population-based surveillance study
in South Africa, HIV infection significantly increased the risk of meningococcal bacteremia, which was
associated with increased risk of death in all ages, but especially in children. Very few HIV-infected patients
were receiving cART at the time of this study.*

Methicillin-Resistant Staphylococcus aureus (MRSA)

HIV infection appears to be a risk factor for MRSA infections in adults, but findings are conflicting about the
relative contribution of immunosuppression vs. concomitant psychosocial risk factors to this increased risk.>?-*
Limited data suggest that HIV-infected children, like their uninfected counterparts, experience predominantly
non-invasive, skin, and soft tissue infections as a result of community-associated MRSA strains and that greater
immunosuppression may not confer greater risk of MRSA.*
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Other Pathogens

Other pathogens, including Pseudomonas aeruginosa and enteric organisms, cause infection in HIV-infected
children, especially those who have indwelling vascular catheters or advanced immunosuppression or are not on
CART.!?2%3637 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
staphylococci, S. aureus, enterococci, P. aeruginosa, gram-negative enteric bacilli, Bacillus cereus, and Candida
spp.'®37 In a cohort of 680 HIV-infected children in Miami, Florida, 10.6% had 95 episodes of gram-negative
bacteremia between 1980 and 1997, of which only 6 were associated with an indwelling vascular catheter. The
predominant organisms were P. aeruginosa, nontyphoidal Salmonella, and Escherichia coli (15%).* More than
70% had advanced immunosuppression and the overall case-fatality rate was 43%. In Kenyan children with
bacteremia, HIV infection increased the risk of non-typhoidal Salmonella and E. coli infections.*

HIV-Exposed (but Uninfected) Children

Data are conflicting about whether infectious morbidity increases in children who have been exposed to but not
infected with HIV. In studies in developing countries, HIV-exposed but uninfected (HEU) infants had higher
mortality (primarily because of bacterial pneumonia and sepsis) than did those born to uninfected mothers.***
Advanced maternal HIV infection was associated with increased risk of infant death.’®3 In a study in Latin
America and the Caribbean, 60% of 462 HEU infants 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.* However, in a study from the United States, the rate of lower
respiratory tract infections in HEU children was within the range reported for healthy children during the first
year of life.*! There is increasing evidence for insufficient maternally derived antibody levels in HEU infants
that put those infants at increased risk of pneumococcal and other vaccine-preventable infections.*

Clinical Manifestations

Clinical presentation depends on the particular type of bacterial infection (e.g., bacteremia/sepsis,
osteomyelitis/septic arthritis, pneumonia, meningitis, sinusitis/otitis media);* HIV-infected children with
invasive bacterial infections typically have a clinical presentation similar to H[V-uninfected children.?!#445

The classical signs, symptoms, and laboratory test abnormalities that usually indicate invasive bacterial
infection (e.g., fever, elevated white blood cell count) are usually present but may be lacking in HIV-infected
children who have reduced immune competence.?'* One-third of HIV-infected children not receiving cART
who have acute pneumonia have recurrent episodes.!? Bronchiectasis and other chronic lung damage that
occurs before initiation of cART can predispose to recurrent pulmonary infections, even in the presence of
effective cART.!* Lower respiratory bacterial infections in children with lymphocytic interstitial pneumonitis
(LIP) most often are a result of the same bacterial pathogens that cause lower respiratory infection in HIV-
infected children without LIP and manifests as fever, increased sputum production, and respiratory difficulty
superimposed on chronic pulmonary symptoms and radiologic abnormalities.*

In studies in Malawi and South Africa before the availability of cART, the clinical presentations of acute
bacterial meningitis in HIV-infected and HIV-uninfected children were similar.*’*® However, in a study from
Malawi, HIV-infected children were 6.4-fold more likely to have repeated episodes of meningitis than were
HIV-uninfected children, although the study did not differentiate relapses from new infections.*’ In both
studies, HIV-infected children were more likely to die from meningitis than were HIV-uninfected children.

Diagnosis
Attempted isolation of a pathogenic organism from normally sterile sites (e.g., blood, cerebrospinal fluid,

pleural fluid) is strongly recommended, as identification and antimicrobial resistance testing will guide
effective treatment.
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Because of difficulties obtaining appropriate specimens, such as sputum, from young children, bacterial
pneumonia most often is a presumptive diagnosis in children 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 pneumonia using clinical criteria can be difficult.® Mycobacterium
tuberculosis (TB) and Pneumocystis jirovecii pneumonia (PCP) must always be considered in HIV-infected
children with pneumonia. Presence of wheezing makes acute bacterial pneumonia less likely than other
causes (e.g., viral pathogens, asthma exacerbation), atypical bacterial pathogens (e.g., Mycoplasma
pneumoniae), or aspiration. Children with LIP often have episodes of bacterial respiratory infection
superimposed on chronic wheezing. 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 were HIV-infected.* The procedure was well-tolerated, and identified an etiology in 63% of
children with pneumonia (identification of bacteria in 101, TB in 19, and PCP in 12 children). Blood and
fluid from pleural effusion (if present) should be cultured.

In children with bacteremia, a source should be sought. In addition to routine chest radiographs, other
diagnostic radiologic evaluations may be necessary in HIV-infected children with compromised immune
systems to identify less apparent foci of infection (e.g., bronchiectasis, internal organ abscesses).> In
children with suspected bacteremia and central venous catheters, blood culture should be obtained through
the catheter and (if possible) peripherally; if the catheter is removed because of suspected infection, the
catheter tip should be sent for culture.’ Assays for detection of bacterial antigens or evidence by molecular
biology techniques are important for diagnostic evaluation of HIV-infected children in whom unusual
pathogens may be involved or difficult to identify or culture with standard techniques. For example,
detection of Bordetella pertussis and Chlamydophila (formerly Chlamydia) pneumoniae with polymerase
chain reaction assays of nasopharyngeal secretions may aid in the diagnosis of these infections.®>*

Prevention Recommendations

Preventing Exposure

Because S. pneumoniae and H. influenzae (other than type b) are common in the community, no effective
way exists to eliminate exposure to these bacteria. However, routine use of conjugated pneumococcal
(initially 7-valent and, more recently 13-valent) and Hib vaccines in the United States has dramatically
reduced vaccine-type nasopharyngeal colonization in healthy children, thus limiting the exposure of HIV-
infected children to these pathogens (herd immunity).

Food

To reduce the risk of exposure to potential 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 (BIII). Unpasteurized dairy
products and unpasteurized fruit juices also should be avoided (BIII). 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 children’s food, milk or formula, or directly to the
children. Hands, cutting boards, counters, and knives and other utensils should be washed thoroughly after
contact with uncooked foods (BIII). Produce should be washed thoroughly before being eaten (BIII). These
precautions are especially important for children who are not receiving effective cART.

Pets

When obtaining a new pet, caregivers should avoid dogs or cats aged <6 months or stray animals (BIII).
HIV-infected children and adults should avoid contact with any animals that have diarrhea and should always
wash their hands after handling pets, especially before eating, and avoid contact with pets’ feces (BIIT). HIV-
infected children should avoid contact with reptiles (e.g., snakes, lizards, iguanas, turtles) and with chicks
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and ducklings (as well as their uncooked eggs) because of the risk of salmonellosis (BIII). These precautions
are especially important for children who are not receiving effective cART.

Travel

The risk of foodborne and waterborne infections in immunosuppressed, HIV-infected persons is magnified
during travel to resource-limited settings. All children who travel to such settings 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 (AIII). 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 may not be as effective as boiling and will not eliminate
Cryptosporidia but can be used when boiling is not practical. These precautions are especially important for
children who are not receiving effective cART.

Preventing Disease

Immunization

In addition to cART, one of the most important interventions to prevent bacterial infections in HIV-infected
children is to ensure that they are immunized according to the HIV-specific recommended schedule (Figures
1 and 2) (AII). Vaccines that protect against bacterial pathogens directly (e.g., pneumococcal, Hib,
meningococcal, pertussis) and indirectly (e.g., influenza) have been demonstrated safe and immunogenic in
HIV-infected children.>¢-®° HIV-infected children are at increased risk of under-immunization.®! Status of
vaccination against Hib, pneumococcus, meningococcus, pertussis, influenza, and all recommended vaccines
should be reviewed at every clinical encounter and indicated vaccinations provided, according to the
established recommendations for immunization of HIV-infected children (AIII). Effective cART instituted
before immunization offers the best means to optimize response to immunization.®® Lack of effective cART
may reduce the magnitude, quality or duration of immunologic response and likely impairs memory
response. Greater number or strength of vaccine doses are recommended in some circumstances to overcome
suboptimal response. Evidence is mounting that protective immunity to vaccine-preventable disease is
lacking in a high proportion of perinatally HIV-infected children who received many of their immunizations
before the availability of effective cART.% These data suggest that HIV-infected children may benefit from
assessment of seroprotection and/or re-immunization for certain vaccines.

Hib Vaccine

HEU and HIV-infected infants and children aged <5 years should receive Hib vaccine on the same schedule
as that recommended for healthy infants, including for catch-up immunization (AII). (Figure 1). Hib vaccine
is recommended for routine administration to infants aged 2, 4, and 6 months (6-month dose not needed if
PRP-OMP Hib conjugate vaccine used for 2- and 4-month doses), and 12 to 15 months; 1 to 3 doses are
recommended for previously unvaccinated infants and children aged 7 to 23 months depending on age at first
vaccination. Health-care providers should consider use of Hib vaccine for HIV-infected children aged >5
years who have not previously received Hib vaccine (AIII). For these older children, a single dose of any
Hib conjugate vaccine is recommended.*

Pneumococcal Vaccines

HEU and HIV-infected infants and children aged 2 to 59 months should receive the 13-valent pneumococcal
vaccine (PCV13) on the same schedule as that recommended for healthy infants and children, including
series completion for those who initiated immunization with PCV7 (AII).?3656¢ A 4-dose series of PCV13 is
recommended for routine administration to infants aged 2, 4, 6, and 12 to 15 months; 2 or 3 doses are
recommended for previously unvaccinated infants and children aged 7 to 23 months depending on age at first
vaccination.** Incompletely vaccinated children aged 24 to 71 months should receive 1 dose of PCV13 if 3
doses of PCV (7 or 13) were received previously, or 2 doses of PCV 13 >8 weeks apart if <3 doses of PCV (7
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or 13) were received previously. Children who have received a complete series of PCV7 should receive a
supplemental dose of PCV13 if they are aged 14 through 71 months. In addition, HIV-infected children aged
>2 years should receive 23-valent pneumococcal polysaccharide vaccine (PPSV) (>2 months after their last
PCV dose), with a single revaccination with PPSV 5 years later (AII).%”** Data are limited regarding efficacy
of PCV7 or PCV13 for children aged >6 years who are at high risk of pneumococcal infection. However, the
U.S. Food and Drug Administration recently approved expanded use of PCV13 for children aged 6 to 17
years.%” In addition, the Centers for Disease Control and Prevention (CDC) Advisory Committee on
Immunization Practices (ACIP) recently recommended that a single dose of PCV 13 be routinely
administered to children aged 6 years through 18 years with immunocompromising conditions who have not
previously received PCV13.% Therefore, a single dose of PCV 13 should be routinely administered to HIV-
infected children aged 6 through 18 years who did not receive PCV13 before age 6 years® (Figures 1 and 2).
A multicenter study of pneumococcal vaccination in a group of HIV-infected children not administered PCV
during infancy demonstrated the safety and immunogenicity of 2 doses of PCV7 followed by one dose of
PPSV for cART-treated HIV-infected children aged 2 to 19 years (including some who had previously
received pneumococcal polysaccharide vaccination [PPSV]).>” Based on this study, some experts recommend
giving 2 doses of PCV13 to HIV-infected children aged >6 years who never received PCV7 or PCV13 (BII).
PPSV may be offered >8 weeks after PCV13 in children aged 6 to 18 years who received a PCV13 dose after
having received PPSV (CII).%” The incidence of invasive pneumococcal disease was substantially lower in
HIV-infected vaccine recipients in a placebo-controlled trial of a nine-valent PCV in South African children
(most whom were not receiving antiretroviral therapy), but vaccine efficacy was somewhat lower in HIV-
infected (65%) than HIV-uninfected children (85%).¢

Meningococcal Vaccine

Like healthy children, HIV-infected children should routinely receive meningococcal conjugate vaccine
(MCV) at age 11 to 12 years and again at age 16 (AII). In contrast to the 1-dose primary series for healthy
children, the primary series of MCV for all HIV-infected children aged >9 months is 2 MCV doses at least 2
months apart for children aged 2 to 10 years, and 2 to 3 months apart for children aged 9 to 23 months in
order to improve rates of seroprotection (AII).*+%"! HIV-infected children aged 9 months to 10 years who
have evidence of splenic dysfunction or complement deficiency or who plan to travel to high-incidence areas
should receive the primary MCV series (AIII). While ACIP does not list HIV infection as a specific
indication for MCYV, some experts give MCV to all HIV-infected children aged 9 months to 10 years because
of the potentially increased risk of meningococcal disease (CIII). HIV-infected children who receive their
primary MCYV series at ages 9 months to 10 years and who are at ongoing increased risk of meningococcal
exposure should receive another MCV dose 3 years later (if primary MCV immunization was at ages 9
months to 6 years) or 5 years later (if primary MCV immunization was at >7 years) (AIII).** MCV should be
repeated every 5 years in children with splenic dysfunction or complement deficiency for as long as their
splenic dysfunction persists (AIII).

Influenza Vaccine

Because influenza increases the risk of secondary bacterial respiratory infections,’” annual influenza
vaccination for influenza prevention can be expected to reduce the risk of serious bacterial infections in HIV-
infected children (BIII) (Figures 1 and 2).”® HIV-infected children should receive annual influenza
vaccination according to the HIV-specific recommended immunization schedule (AII).%%%

Chemoprophylaxis

Trimethoprim-sulfamethoxazole (TMP-SMX) administered daily for PCP prophylaxis may decrease the rate
of serious bacterial infections (predominantly respiratory) in HIV-infected children unable to take cART
(BIN).'*7 Atovaquone combined with azithromycin, which provides prophylaxis for Mycobacterium avium
complex (MAC) as well as PCP, is well tolerated and as effective as TMP-SMX in preventing serious
bacterial infections in HIV-infected children.”” However, routine use of antibiotics solely for primary
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prevention of serious bacterial infections (i.e., when not indicated for PCP or MAC prophylaxis or other
specific reasons) promotes development of drug-resistant organisms and is not routinely recommended
(BIII). Intravenous immune globulin (IVIG) is recommended to prevent serious bacterial infections in HIV-
infected children who have hypogammaglobulinemia (immunoglobulin G <400 mg/dL) (AI)."

Discontinuation of Primary Prophylaxis

The Pediatric AIDS Clinical Trials Group (PACTG) 1008 demonstrated that discontinuation of MAC and/or
PCP antibiotic prophylaxis in HIV-infected children who achieved sustained (>16 weeks) immune
reconstitution (CD4 T lymphocyte [CD4] cell percentage >20% to 25%) while receiving ART did not result
in excessive rates of serious bacterial infections.® HIV-infected children who are receiving an antibiotic for
the purpose of primary prevention of serious bacterial infections should discontinue antibiotic prophylaxis
once they have achieved sustained (i.e., >3 months) immune reconstitution (CD4 percentage >25% aged <6
years; CD4 percentage >20% or CD4 count >350 cells/mm? if aged >6 years) (BII).

Treatment Recommendations

Treating Disease

The principles for 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 results become
available. The local prevalence of antibiotic-resistant bacteria (e.g., penicillin-resistant S. pneumoniae,
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 (AIII).

HIV-infected children whose immune systems are not seriously compromised (CDC Immunologic Category
)¢ and who are not neutropenic can be expected to respond similarly to HIV-uninfected children and should
be treated for the most likely bacterial organisms (AIII). Based only on expert opinion, mild to moderate
community-acquired pneumonia in HIV-infected children with only mild or no immunosuppression who are
fully immunized (especially against S. pneumoniae and Hib) and who are receiving effective cART can be
treated with oral antibiotics (usually oral amoxicillin), according to the same guidelines as for healthy
children (BIII).”® However, many experts have a lower threshold for hospitalizing these children to initiate
treatment. In addition, broader-spectrum antimicrobial agents for initial empiric therapy are sometimes
chosen because of the potentially higher risk of non-susceptible pneumococcal infections in HIV-infected
children.!”?22425 Thus, options for empiric therapy for HIV-infected children outside of the neonatal period
who are hospitalized for suspected community-acquired bacteremia or bacterial pneumonia include
ampicillin or an extended-spectrum cephalosporin (e.g, ceftriaxone, cefotaxime) (AIIT).*””7® The addition of
vancomycin or other antibiotic for suspected bacterial meningitis should follow the same guidelines as for
HIV-uninfected children.” The addition of azithromycin or other macrolide can be considered for
hospitalized patients with pneumonia to treat other common community-acquired pneumonia pathogens (M.
pneumoniae, C. pneumoniae). If MRSA is suspected or the prevalence of MRSA is high (i.e., >10%) in the
community, clindamycin (for non-CNS infections), doxycycline (non-CNS, for childen aged >8 years) or
vancomycin can be added (choice based on local susceptibility patterns).3’-*? Neutropenic children also
should be treated with an appropriate antipseudomonal drug with consideration for adding an
aminoglycoside if infection with Pseudomonas spp. is 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 for HIV-infected children with suspected intravascular catheter sepsis should target
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both gram-positive and enteric gram-negative organisms, with combinations that include agents with anti-
Pseudomonas activity and vancomycin, which is active against MRSA (AIII). Factors such as response to
therapy, clinical status, identification of pathogen, and need for ongoing vascular access will determine the
need for and timing 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 to 3 days after initiation of appropriate
antibiotics, recognizing that radiologic improvement in patients with pneumonia may lag behind clinical
response. 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.®*

Immune reconstitution inflammatory syndrome (IRIS) has not clearly been described in association with
treatment of bacterial infections in children. Reports of pneumonia, abscess and other bacterial infection in
children during the first several weeks of effective cART have been attributed to IRIS*>#¢ but are more likely
related to persistent immune suppression. Suspicion of IRIS in a child being treated for a bacterial infection
should raise concern for the presence of a different or additional infection or for inadequately treated
infection mimicking IRIS.

Preventing Recurrence

Status of vaccination against Hib, pneumococcus, meningococcus, and influenza should be reviewed and
updated, according to the recommendations outlined in the section Preventing First Episode of Disease and
depicted in the immunization recommendation schedules (Figures 1 and 2) (AIII).

TMP-SMX (administered daily for PCP prophylaxis) and azithromycin or atovaquone-azithromycin
(administered for MAC prophylaxis) also may reduce the incidence of serious bacterial infections in children
with recurrent serious bacterial infections. Administration of antibiotic chemoprophylaxis to HIV-infected
children who have frequent recurrences of serious bacterial infections despite cART (e.g., >2 serious
bacterial infections in a 1-year period despite cART) can be considered (CIII); however, caution is required
when using antibiotics solely to prevent recurrence of serious bacterial infections because of the potential for
development of drug-resistant microorganisms and drug toxicity. In rare situations in which cART and
antibiotic prophylaxis are not effective in preventing frequent recurrent serious bacterial infections, IVIG
prophylaxis can be considered for secondary prophylaxis (CI)."

Discontinuing Secondary Prophylaxis

PACTG 1008 demonstrated that discontinuing MAC and/or PCP antibiotic prophylaxis in HIV-infected
children who achieved sustained (i.e., >16 weeks) immune reconstitution (CD4 percentage >20% to 25%)
while receiving cART did not result in excessive rates of serious bacterial infections.® Antibiotics for
secondary prophylaxis of serious bacterial infections should be discontinued in HIV-infected children who
have achieved sustained (i.e., >3 months) immune reconstitution (CD4 percentage >25% if <6 years old;
CD4 percentage >20% or >350 cells/mm? if >6 years old) (BII).
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Dosing Recommendations for Prevention and Treatment of Invasive Bacterial Infections

Indication First Choice Alternative Comments/Special Issues
Primary * Pneumococcal, * TMP-SMX 75/375 mg/m? | See Figures 1 and 2 for detailed vaccines
Prophylaxis meningococcal, and Hib body surface area per recommendations.

S. pneumoniae vaceines dose by mouth twice Vaccines Routinely Recommended for Primar
and other « IVIG 400 mg/kg body weight | daily s COURICY v

invasive bacteria

every 2—4 weeks

Prophylaxis. Additional Primary Prophylaxis
Indicated For:

* Hypogammaglobulinemia (that is, 1gG <400
mg/dL)

Criteria for Discontinuing Primary Prophylaxis:

* Resolution of hypogammaglobulinemia

Criteria for Restarting Primary Prophylaxis:
* Relapse of hypogammaglobulinemia

Secondary
Prophylaxis

S. pneumoniae
and other
invasive bacteria

* TMP-SMX 75/375 mg/m?
body surface area per dose
by mouth twice daily

* [VIG 400 mg/kg body
weight every 2—4 weeks

Secondary Prophylaxis Indicated:

* >2 serious bacterial infections in a 1-year period
in children who are unable to take cCART

Criteria for Discontinuing Secondary Prophylaxis:

* Sustained (= 3 months) immune reconstitution
(CD4 percentage =25% if <6 years old; CD4
percentage =20% or CD4 count >350 cells/mm?
if >6 years old)

Criteria For Restarting Secondary Prophylaxis:

* >2 serious bacterial infections in a 1-year period
despite cCART

Treatment

Bacterial
pneumonia; S.
pneumoniae;
occasionally S.
aureus, H.
influenzae, P.
aeruginosa

* Ceftriaxone 50-100 mg/kg
body weight per dose once
daily, or 25-50 mg/kg body
weight per dose twice daily
IV or IM (max 4 g/day), or

* Cefotaxime 40-50 mg/kg
body weight per dose 4 times
daily, or 50-65 mg/kg body
weight 3 times daily (max 8-
10 g/day) IV

* Cefuroxime, 35-50
mg/kg body weight per
dose 3 times daily (max
4-6 g/day) IV

For children who are receiving effective cART, have
mild or no immunosuppression, and have mild to
moderate community-acquired pneumonia, oral
therapy option would be amoxicillin 45 mg/kg
body weight per dose twice daily (maximum dose:
4 g per day).

Add azithromycin for hospitalized patients to treat
other common community-acquired pneumonia
pathogens (M. pneumoniae, C. pneumoniae).

Add clindamycin or vancomycin if methicillin-
resistant S. aureus is suspected (base the choice
on local susceptibility patterns).

For patients with neutropenia, chronic lung disease
other than asthma (e.g., LIP, bronchiectasis) or
indwelling venous catheter, consider regimen that
includes activity against P. aeruginosa (such as
ceftazidime or cefepime instead of ceftriaxone).

Consider PCP in patients with severe pneumonia
or more advanced HIV disease.

Evaluate for tuberculosis, cryptococcosis, and
endemic fungi as epidemiology suggests.

Key to Acronyms: cART = combination antiretroviral therapy; CD4 = CD4 T lymphocyte; IgG = immunoglobulin G; IM = intramuscular;
IV = intravenous; IVIG = intravenous immune globulin; LIP = lymphocytic interstitial pneumonia; PCP = Pneumocystis jirovecii
pneumonia; TMP-SMX = trimethoprim-sulfamethoxazole
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Candida Infections (Last updated January 31, 2019; last reviewed January 31, 2019)

Panel’s Recommendations

I. What is the preferred antifungal treatment for oropharyngeal candidiasis (OPC) in children with HIV infection?

+ Uncomplicated OPC infection can be effectively treated with topical therapy using clotrimazole troches or nystatin suspension for 7 to 14
days (strong, moderate).

¢ Oral fluconazole for 7 to 14 days is recommended for moderate or severe OPC disease (strong, high).

+ For fluconazole-refractory OPC, itraconazole oral solution is recommended, although itraconazole is less well tolerated than fluconazole
(strong, moderate).

+ Chronic suppressive therapy is usually unnecessary; if it is required, fluconazole 3 times weekly is recommended (strong, high).

Il. What is the preferred antifungal treatment for esophageal candidiasis in children with HIV infection?
«  Systemic therapy is always required for esophageal disease (strong, moderate).

+  Oral fluconazole is recommended for 14 to 21 days, but amphotericin B or an echinocandin (caspofungin, micafungin, anidulafungin)
can be used in patients who cannot tolerate oral therapy (strong, moderate).

+ For refractory esophageal disease, oral therapy can include itraconazole solution or voriconazole for 14 to 21 days (strong, low).
+ Suppressive therapy with fluconazole 3 times weekly is recommended for recurrent infection (strong, moderate).

. What is the preferred antifungal treatment for invasive candidiasis in children with HIV infection?

+ In moderately severe to severely ill children with invasive candidiasis, an echinocandin is recommended. In less severely ill children who
have not had previous azole therapy, fluconazole is recommended (strong, moderate).

+ Alternatively, an initial course of amphotericin B therapy can be administered for invasive candidiasis with careful transition to
fluconazole therapy to complete the treatment course (strong, moderate).

+  Amphotericin B lipid formulations have a role in children who are intolerant of conventional amphotericin B (deoxycholate) or who are at
high risk of nephrotoxicity because of preexisting renal disease or use of other nephrotoxic drugs (weak, moderate).

+  Children with candidemia should be treated for =14 days after documented clearance of Candida from the last positive blood culture and
resolution of neutropenia and of clinical signs and symptoms of candidemia (strong, low).

+ Central venous catheters should be removed when feasible in children with candidemia (strong, moderate).

Rating System
Strength of Recommendation: Strong; Weak

Quality of Evidence: High; Moderate; Low; or Very Low

Epidemiology

The most common fungal infections in children with HIV infection are caused by Candida spp. Candidiasis is
characterized as either localized or invasive. Localized disease caused by Candida is characterized by limited
tissue invasion of the skin or mucosa. Examples of localized candidiasis include oropharyngeal and esophageal
disease, vulvovaginitis, and diaper dermatitis. Candida can gain access to the bloodstream causing candidemia
either by penetration from local mucosal or cutaneous infection or via medical devices such as central venous
catheters. Once candidemia is present, widespread hematogenous dissemination to any organ is possible.
Concerning manifestations of disseminated infection include, but are not limited to, meningitis, endocarditis,
renal disease, endophthalmitis, and hepatosplenic disease. Candidemia with or without dissemination is
collectively referred to as invasive candidiasis.

Localized Candidiasis

Oral thrush and diaper dermatitis occur in 50% to 85% of children with HIV infection. Oropharyngeal
candidiasis (OPC) continues to be one of the most frequent opportunistic infections in children with HIV
infection during the combination antiretroviral therapy (cART) era (28% of children), with an incidence rate of
0.93 per 100 child-years. The incidence of esophageal or tracheobronchial candidiasis has decreased from 1.2
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per 100 child-years before the pre-cART era to 0.08 per 100 child-years during the cART era (2001-2004).!
However, Candida esophagitis continues to be seen in children who are not responding to antiretroviral
therapy (ART).?? Children who develop esophageal candidiasis despite ART may be less likely to have
typical symptoms (e.g., odynophagia, retrosternal pain) or have concomitant OPC;* during the pre-cART
era, concomitant OPC occurred in 94% of children with Candida esophagitis.? Risk factors for esophageal
candidiasis include low CD4 T lymphocyte (CD4) cell count (<100 cells/mm?), high viral load (>5,000
copies/mL), and neutropenia (absolute neutrophil count [ANC] <500 cells/mm?).!-33

Invasive Candidiasis

Invasive candidiasis is less frequent than localized disease in children with HIV infection. However,
Candida can disseminate from the esophagus, particularly during co-infection with herpes simplex virus
(HSV) or cytomegalovirus (CMV).2¢ Candidemia occurs in up to 12% of children with HIV infection who
have chronic indwelling central venous catheters placed for administration of total parenteral nutrition or
intravenous (IV) antibiotics.>’ While Candida albicans remains the most common cause of all candidiasis,
approximately 50% of reported cases of Candida bloodstream infections in children are caused by
non-albicans Candida spp. including: Candida tropicalis, Candida kefyr (Candida pseudotropicalis),
Candida parapsilosis, Candida glabrata, Candida krusei, and Candida dubliniensis. In some settings,
non-albicans species cause the majority of blood stream infections. The non-albicans Candida species

are important to identify because several are resistant to antifungals. In general, C. krusei is considered
resistant to fluconazole, and C. glabrata isolates have an increased rate of resistance to both fluconazole and
voriconazole. Recently, an increasing number of C. glabrata isolates are also resistant to echinocandins. C.
lusitaniae is inherently resistant to amphotericin B. Many children who develop candidemia have previously
received systemically absorbed oral antifungal azole compounds (e.g., ketoconazole, fluconazole) for control
of oral and esophageal candidiasis, which may predispose to resistant isolates.’ In one study of Cambodian
children with HIV infection and on ART 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 >3 azole agents.?
However, clinicians should be aware of local resistance trends as the epidemiology of species-specific
resistance may vary widely by geographic location and hospital.

Clinical Manifestations

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

Esophageal candidiasis often presents with odynophagia, dysphagia, or retrosternal pain, and children, unlike
adults, often experience nausea and vomiting. Therefore, children with esophageal candidiasis may present
with dehydration and weight loss. Classic symptoms and signs of OPC may be absent in children with
esophageal candidiasis, particularly those receiving ART.

New-onset fever in a child with HIV infection who has advanced disease, a central venous catheter, or
both is the most common clinical manifestation of candidemia. Unfortunately, there are limited clinical
signs or symptoms to denote dissemination to a particular organ, and detection of end organ involvement is
often dependent on radiographic imaging. For example, renal candidiasis can present with candiduria, but
ultrasonographic demonstration of renal parenchymal lesions is often not associated with symptoms related
to renal disease.’
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Diagnosis

Oral candidiasis can be diagnosed with a potassium hydroxide preparation and culture with microscopic
demonstration of budding yeast cells in wet mounts or biopsy specimens. Esophageal candidiasis has a
classic cobblestone appearance on barium swallow. Findings on endoscopy may range from a few, small,
raised, white plaques to elevated confluent plaques with hyperemia and extensive ulceration. Endoscopy is
also helpful for ruling out other causes of refractory esophagitis, such as HSV, CMV, and Mycobacterium
avium complex.

Candidemia is best diagnosed with blood cultures using lysis-centrifugation techniques.’ or automated
broth-based systems.” When candidemia is present, retinal examination for endophthalmitis, cardiac
echocardiogram for endocarditis, abdominal computed tomography or ultrasound for hepatic or renal
involvement, and bone scans for osteomyelitis (if suspected by symptoms) should be considered.

New diagnostic techniques such as the urine D-arabinitol/L-arabinitol ratio,'®!" serum D-arabinitol/
creatinine ratio,'>!"* Candida mannan antigen and anti-mannan antibody,'*" (1,3)-beta-D-glucan assay,'®!” T2
biosystems for Candida'® and real-time polymerase chain reaction!®2° are promising diagnostic alternatives
under development for early diagnosis of invasive candidiasis. Although several of these assays are helpful
in diagnosing invasive candidiasis in adult patients, none of them have been validated or Food and Drug
Administration (FDA)-approved for use in children.

As noted above, candidemia can result in dissemination of infection to any organ site. There are no pediatric
data to guide decisions on when to perform additional diagnostic testing to evaluate for a deep-seated focus.
However, among children with persistent candidemia, further investigation for dissemination should strongly
be considered. Additional diagnostics to consider in this clinical scenario would include, but not be limited
to, an echocardiogram, abdominal ultrasound to evaluate the kidney, liver and spleen, a lumbar puncture and
an eye exam (strong, low).

Prevention Recommendations

Preventing Exposure

Candida organisms are common commensals on mucosal surfaces in healthy individuals; no measures are
available to reduce exposure to these fungi except by reducing exposure to unneeded antibiotics that may
predispose a patient to Candida colonization.

Preventing First Episode of Disease

Routine primary prophylaxis of candidiasis in infants and children with HIV infection is not indicated

for multiple reasons. In the era of ART, the prevalence of serious Candida infections (e.g., esophageal or
invasive candidiasis) is low. Additionally, there is a lack of randomized controlled trials of routine, primary
prophylaxis of candidiasis in children with HIV infection, concern for potentiating resistant Candida strains,
and the potential for drug-drug interactions between antifungal and antiretroviral (ARV) agents.?!

Discontinuing Primary Prophylaxis
Not applicable.

Treatment Recommendations

Treating Disease

Oropharyngeal Candidiasis

Early, uncomplicated infection can be effectively treated with topical therapy using clotrimazole troches or
oral nystatin suspension for 7 to 14 days (strong, high).?>>> Debridement can be considered as adjunctive
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therapy in OPC. Resistance to clotrimazole can develop because of previous exposure to clotrimazole or to
other azole drugs; resistance correlates with refractory mucosal candidiasis.?®

Systemic therapy with 1 of the oral azoles (e.g., fluconazole, itraconazole, posaconazole) for 7 to 14 days is
recommended for moderate to severe OPC.?>** Oral fluconazole is more effective than nystatin suspension
for initial treatment of OPC in infants, easier to administer to children than the topical therapies, and the
recommended treatment when systemic therapy is used (strong, high).>**’

For fluconazole-refractory OPC, itraconazole oral solution should be used. Itraconazole solution has efficacy
comparable to fluconazole and can be used to treat OPC, although it is less well tolerated than fluconazole
(weak, low).? Gastric acid enhances absorption of itraconazole solution, thus it 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 tablet absorption also varies, and therefore neither itraconazole
capsules nor ketoconazole tablets are recommended for treating OPC if fluconazole or itraconazole solutions
are available (strong, moderate). Additional choices for fluconazole-refractory OPC include voriconazole
or posaconazole, or IV treatment with amphotericin B or an echinocandin (caspofungin, micafungin,
anidulafungin), if required.

Esophageal Disease

Systemic therapy is essential for esophageal disease (strong, high) and should be initiated empirically in
children with HIV infection who have OPC and esophageal symptoms. In most patients, symptoms should
resolve within days after the start of effective therapy. Oral fluconazole for 14 to 21 days is highly effective
for treatment of Candida esophagitis and is considered first line therapy (strong. high).?>* IV fluconazole,
amphotericin B, or an echinocandin should be used for patients who cannot tolerate oral therapy. For
fluconazole-refractory disease, itraconazole solution, posaconazole, voriconazole, amphotericin B, or an
echinocandin are alternatives.

Invasive Candidiasis

The treatment of choice for invasive disease in children with HIV infection depends on severity of disease,
previous azole exposure, and Candida isolate obtained (if known). An echinocandin is recommended for
severely ill children with candidiasis because of the fungicidal nature of these agents, as well as the lack of
adverse events (strong, high). Fluconazole is a reasonable alternative for patients who are less critically ill
and who have no recent azole exposure. Voriconazole can be used in situations in which mold coverage is
also warranted. For infections with C. glabrata, an echinocandin is recommended because of the increasing
resistance seen against fluconazole for this species (strong, moderate). Despite this recommendation,
clinicians should be aware of the increasing frequency of C. glabrata echinocandin resistance. For patients
already receiving fluconazole or voriconazole who are clinically improving despite C. glabrata infection,
continuing use of the azole is reasonable. Infection with C. krusei should be treated with an echinocandin
because of the inherent resistance to fluconazole. For infection with C. parapsilosis, fluconazole or
amphotericin B is recommended (strong, moderate). Previous data suggested a decreased response of C.
parapsilosis isolates to echinocandins.*® However, recent adult comparative effectiveness data reveal that
initial therapy with an echinocandin for C. parapsilosis did not result in worse outcomes.*' Thus, if a patient
is receiving empiric therapy with an echinocandin and showing clinical improvement when culture of C.
parapsilosis returns, continuing with this therapy is reasonable.

For many of these clinical scenarios, amphotericin B is an effective but less attractive alternative given
concerns for therapy-related toxicity (weak, moderate). Amphotericin B lipid formulations may be
preferable to conventional amphotericin B deoxycholate given their improved side effect profile (see
Monitoring and Adverse Events section below), especially in children at high risk of nephrotoxicity due to
preexisting renal disease or use of other nephrotoxic drugs (weak, moderate). Regardless of the antifungal
agent chosen, the recommended duration of therapy for candidemia is 14 days after documented clearance
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from the blood along with resolution of neutropenia (if initially present) and resolution of clinical signs and
symptoms of candidemia. In children with evidence of deep-seated foci (e.g., endocarditis or osteomyelitis),
duration of therapy will be longer and ultimately should be guided by an infectious diseases specialist.

If a child is initiated on an intravenous antifungal agent, such as an echinocandin or an amphotericin B
formulation, step-down therapy to an oral agent such as fluconazole when the patient is clinically improved
to complete the course can be considered (strong, moderate). Species identification is preferred when
stepping down to fluconazole because of intrinsic or acquired drug resistance among certain Candida spp.
(e.g., C. krusei, C. glabrata).

Finally, in children with HIV infection who have a central venous catheter in place at the time of candidemia
onset, the central line should always be removed when feasible (strong, moderate).>*> While there has never
been a randomized controlled trial performed that proves the benefit of removal of a central venous catheter,
there are well-designed observational studies that have reasonably accounted for confounding by indication
for line removal (i.e., central lines were removed in the relatively well patients and retained in the critically
ill patient) and still show a benefit for line removal. Additionally, Andes et al. performed a patient level
systemic review of adult patients with candidemia and found that central line removal provided a protective
effect against mortality. Therefore, it is reasonable to conclude that a central venous catheter should be
removed when feasible.

Pharmacokinetics and Dosing of Antifungal Agents

Azoles

Fluconazole pharmacokinetics (PK) vary significantly with patient age, and fluconazole is rapidly cleared in
children.

Daily fluconazole dosing for invasive candidiasis requires higher doses of fluconazole (12 mg/kg/day)
than are used for mucocutaneous disease (6 mg/kg/day), with many experts suggesting a loading dose of
fluconazole 25 mg/kg for children.

Because of more rapid clearance in children, fluconazole administered to children at 12 mg/kg/day provides
exposure similar to standard 400-mg daily dosing in adults. Dosing of fluconazole for invasive candidiasis in
children and adolescents should generally not exceed 600 mg/day.*

The bioavailability of itraconazole oral solution is lower in children than in adults; therefore, dosing in
children should be 2.5 to 5 mg/kg per dose twice daily (strong, moderate). This dosing contrasts with the
once daily dosing of itraconazole used in adult patients. Administrating itraconazole oral solution on an
empty stomach improves absorption (in contrast to the capsule formulation, which is best administered under
fed conditions), and monitoring itraconazole serum concentrations, like most azole antifungals, is key in
management (generally itraconazole trough levels should be >0.5 to 1 pg/mL; trough levels >3 pg/mL may
be associated with increased toxicity). In adult patients, itraconazole is recommended to be loaded at 200 mg
twice daily for 2 days, followed by itraconazole 200 mg daily starting on the third day.

There is now considerable experience with voriconazole in children, including for treatment of esophageal
candidiasis and candidemia.>??3%3% Usually children are started on voriconazole IV and then switched to
oral administration to complete therapy after they are clinically stable. The optimal dose of voriconazole
used in children is higher than that used in adults because of differing PK. Voriconazole has been shown

to be tolerated to a similar degree regardless of dosage and age; a maintenance daily dosage of 8 mg/

kg IV in children aged 2 to 11 years was needed to attain voriconazole plasma levels achieved in adults
with a 4 mg/kg IV dosage. Also, the oral bioavailability of voriconazole in children is lower than in adults
(approximately 50%), therefore, in children, weight-adjusted dosages are higher for oral therapy than for [V
therapy.*** The recommended voriconazole dosage for children is 9 mg/kg every 12 hours IV loading on
day 1, followed by voriconazole 8 mg/kg IV every 12 hours. Conversion to oral voriconazole should be at 9
mg/kg orally every 12 hours (strong, moderate).*® In addition, therapeutic trough voriconazole drug levels
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(generally thought to be >1 to 2 pg/mL) should be monitored because of significant interpatient variability in
voriconazole PK in children with invasive fungal infection.’” For example, voriconazole clearance depends

on allelic polymorphisms of CYP2C19, resulting in poor and extensive metabolizers of voriconazole.*®* It is
estimated that 15% to 20% of Asian and 3% to 5% of white and African populations are poor metabolizers of
voriconazole, further underscoring the importance of monitoring voriconazole levels to ensure proper dosing.*®

There is limited experience with the use of pesaconazole in children and currently has an oral suspension
and extended-release tablet formulation approved for patients 13 years and older, and an IV formulation
approved for patients aged >18 years. Effective absorption of the oral suspension strongly requires taking
the medication with food, ideally a high-fat meal; taking posaconazole on an empty stomach will result in
approximately one-fourth of the absorption as in the fed state. The tablet formulation has better absorption
given its delayed release in the small intestine, but absorption will still be slightly increased with food. If
the patient is unable to take food, the tablet is recommended. There is potential for overdosing if this tablet
formulation is dosed inappropriately.*® The exact pediatric dosing for posaconazole has not been completely
determined and the dose recommended by some experts for treating invasive disease is posaconazole 18
mg/kg/day divided three times daily. The pediatric IV or extended release tablet dosing is completely
unknown and under study, but adolescents can likely follow the adult dosing schemes. In adult patients,

IV posaconazole is loaded at 300 mg twice daily on the first day, then posaconazole 300 mg once daily
starting on the second day. Similarly, in adult patients the extended-release tablet is dosed as posaconazole
300 mg twice daily on the first day, then 300 mg once daily starting on the second day. In adult patients, the
maximum amount of posaconazole oral suspension given is 800 mg per day (given its excretion), and that
dosage has been given as posaconazole 400 mg twice daily or 200 mg four times a day in severely ill patients
because of findings of a marginal increase in exposure with more frequent dosing.

Isavuconazole is a new triazole that was FDA-approved in March 2015 for treatment of invasive aspergillosis
and invasive mucormycosis with both oral (capsules only) and IV formulations. Dosing in adult patients

is loading with isavuconazole 200 mg (equivalent to isavuconazonium sulfate 372 mg) every 8 hours for 2
days (6 doses), followed by isavuconazole 200 mg once daily for maintenance dosing. No specific pediatric
dosing data currently exist for isavuconazole.

Echinocandins

Data from studies using echinocandins (caspofungin, micafungin, and anidulafungin) are now sufficient to
recommend these agents as alternatives to fluconazole for esophageal candidiasis, and as first-line therapy
for invasive candidiasis (strong, high).*'-> However, echinocandins are not recommended for treatment of
central nervous system Candida infections due to concerns that these agents penetrate cerebrospinal fluid
poorly.

A PK study of caspofungin in immunocompromised children with HIV infection aged 2 to 17 years
demonstrated that 50 mg/m? body surface area/day (70 mg/day maximum) provides exposure comparable to
that obtained in adults receiving a standard 50-mg daily regimen.® Significantly higher doses of caspofungin
have been studied in adult patients without any clear added benefit in efficacy, but if the 50 mg/m? dose

is tolerated and does not provide adequate clinical response, the daily dose can be increased to 70 mg/m?.
Dosing for caspofungin in neonates is 25 mg/m?* day.

The recommended dose of micafungin for children aged 2 years to 17 years is 2 to 4 mg/kg daily, but
neonates require doses of micafungin 10 mg/kg daily (strong, moderate).*’->! Micafungin demonstrates
dose-proportional PK, and an inverse relationship between age and clearance, suggesting a need for increased
dosage in young children.’? Clearance of the drug in neonates was more than double that in older children
and adults.>® Dosages of micafungin 10 mg/kg/day are recommended in premature neonates, resulting in
area-under-the-curve values consistent with an adult dosage of micafungin 100 to 150 mg/day.

One PK study of anidulafungin in 25 neutropenic children without HIV infection aged 2 years to 17 years
(including 12 children aged 2 years to 11 years and 13 children aged 12 years to 17 years) showed drug
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concentrations with 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.** In a case report of a term 11-day infant with
peritoneal candidiasis and failure of (liposomal amphotericin B [L-AmB]) therapy, an IV dose of 1.5 mg/kg/
day of anidulafungin was successful in treating the infection.*

Polyenes

Conventional amphotericin B (sodium deoxycholate complex) PK in children and adults are very similar. In
children who have azotemia or hyperkalemia, or who are receiving high doses of amphotericin B (i.e., >1
mg/kg), a longer infusion time of 3 to 6 hours is recommended (weak, moderate).>° Three lipid preparations
of amphotericin B approved in the mid-1990s decrease toxicity with no apparent decrease in clinical

efficacy. Decisions on which lipid amphotericin B preparation to use should, therefore, largely focus on side
effects and costs. Two clinically useful lipid formulations exist: one in which ribbon-like lipid complexes of
amphotericin B are created (amphotericin B lipid complex [ABLC]), Abelcet, and one in which amphotericin
B is incorporated into true liposomes (L-AmB), AmBisome. The standard dosage of these preparations is 5
mg/kg/day, in contrast to the 1 mg/kg/day of amphotericin B-D. In most studies, the side effects of L-AmB
were somewhat less than those of ABLC, but both have significantly fewer side effects than AmB-D. The
advantage of the lipid preparations is the ability to safely deliver a greater overall dose of the parent AmB
drug. Despite in vitro concentration-dependent killing, a clinical trial comparing L-AmB at doses of 3 mg/kg/
day and 10 mg/kg/day found no efficacy benefit for the higher dose and only greater toxicity.”’” Therefore, use
of any AmB preparations at very high dosages (i.e., >5 mg/kg/day) is generally not recommended, as it will
likely only incur greater toxicity with no real therapeutic advantage. There are reports of using higher dosing
in very difficult infections where amphotericin B is the first-line therapy (e.g., mucormycosis), and while
experts remain divided on this practice, it is clear that >5 mg/kg/day of a lipid amphotericin B formulation
should be used. Amphotericin B has a long terminal half-life and, coupled with the concentration-dependent
killing, the agent is best used as single daily doses. These PK explain the use in some studies of once weekly
amphotericin B for antifungal prophylaxis. If the overall amphotericin B exposure needs to be decreased due
to toxicity, it is best to increase the dosing interval (e.g., 3 times weekly) but retain the full mg/kg dose for
optimal PK.

Combination antifungal therapy

Data in adults are limited on use of combination antifungal therapy for invasive candidal infections;
combination amphotericin B and fluconazole resulted in more rapid clearance of Candida from the
bloodstream but no difference in mortality.?? Flucytosine has been used in combination with amphotericin B
in some children with severe invasive candidiasis, particularly in those with central nervous system disease,
but it has a narrow therapeutic index. Overall there are insufficient data to support routine use of combination
therapy in children with invasive candidiasis (weak, low).%

Monitoring and Adverse Events, Including IRIS

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

The azole drugs have relatively low rates of toxicity, but because of their ability to inhibit the cytochrome
P450 (CYP450)-dependent hepatic enzymes (ketoconazole has the strongest inhibitory effect) and

their metabolism by these enzymes, 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 ARV drugs such as protease
inhibitors, should be carefully evaluated before initiation of therapy (strong, low).

The most frequent adverse effects of the azole drugs are gastrointestinal, including nausea and vomiting
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(10% to 40% of patients). Skin rash and pruritus can occur with all azoles; rare cases of Stevens-Johnson
syndrome and alopecia have been reported with fluconazole therapy. All azole drugs are associated with
asymptomatic increases in transaminases (1% to 13% of patients). 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 associated with endocrinologic
abnormalities related to steroid metabolism, including adrenal insufficiency and gynecomastia, hemolytic
anemia, and transaminitis. Dose-related, reversible visual changes, such as photophobia and blurry vision,
have been reported in approximately 30% of patients receiving voriconazole.” Cardiac arrhythmias and renal
abnormalities, including nephritis and acute tubular necrosis, also have been reported with voriconazole
use. Hallucinations have also been attributed to voriconazole exposure.®® More recently, voriconazole
administration has been associated with fluorosis. Voriconazole is a tri-fluorinated agent with up to 16%
fluoride and after prolonged exposure can result in excess fluoride accumulation in the recipient. Patients
will often present with non-specific bone pain and have periosteal reaction seen on radiographs.®! Another
common reason for discontinuation of voriconazole is phototoxic skin reaction associated with chronic use;
these phototoxic skin reactions have been reported to develop into carcinoma.®23

Ampbhotericin B deoxycholate undergoes renal excretion as inactive drug. Adverse effects of amphotericin
B are primarily nephrotoxicity, defined by substantial azotemia from glomerular 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 of the febrile reactions occurs usually within
1 to 3 hours after the infusion is started; the reactions typically last for <1 hour and tend to decrease in
frequency over time. Pre-treatment with acetaminophen or diphenhydramine may alleviate febrile reactions.
Idiosyncratic reactions, such as hypotension, arrhythmias, and allergic reactions, including anaphylaxis,
occur less frequently. Hepatic toxicity, thrombophlebitis, anemia, and rarely neurotoxicity (manifested as
confusion or delirium, hearing loss, blurred vision, or seizures) also can occur.

Lipid formulations of amphotericin B cause less acute and chronic toxicity than amphotericin B
deoxycholate. In approximately 20% of children, lipid formulations of amphotericin B can cause acute,
infusion-related reactions, 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.

The echinocandins have an excellent safety profile, presumably because the antifungal target (B-1,3-glucan)
is lacking in humans. In a retrospective evaluation of 25 immunocompromised children who received
caspofungin, the drug was well tolerated, although 3 patients had adverse events potentially related to the
drug (hypokalemia in all 3 children, elevated bilirubin in 2 children, and decreased hemoglobin and elevated
alanine aminotransferase in 1 child).** In this study, children weighing <50 kg received caspofungin 0.8

to 1.6 mg/kg body weight daily, and those weighing >50 kg received the adult dosage. In the PK study of

39 children who received caspofungin at 50 mg/m? body surface area/day, five (13%) patients experienced
one or more drug-related clinical adverse events, including 1 patient each with fever, diarrhea, phlebitis,
proteinuria, and transient extremity rash. One or more drug-related laboratory adverse events were reported
in 2 patients, including one patient each with hypokalemia and increased serum aspartate transaminase.
None of the drug-related adverse events in this study were considered serious or led to discontinuation of
caspofungin.® In a prospective multicenter trial for primary or salvage treatment of Candida and Aspergillus
infections in 48 children aged 6 months to 17 years, a caspofungin dose of 50 mg/m? per day (maximum:

70 mg/day; after 70 mg/m? on day 1) was generally well tolerated, with drug-related clinical and laboratory
adverse events occurring in 26.5% and 34.7% of patients, respectively, similar to rates seen in adults. Drug-
related clinical adverse events were typically mild and did not lead to therapy discontinuation. An increased
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level of hepatic transaminase, often occurring in the context of other medical conditions or concomitant
therapies that may have contributed to elevations in hepatic enzymes, represented the most common
drug-related laboratory adverse event. None of the drug-related laboratory adverse events led to therapy
interruption or discontinuation.*

In a double-blind randomized trial comparing micafungin with L-amB in 48 children aged <16 years with
clinical signs of systemic Candida infection or culture confirmation of Candida infection, a micafungin daily
dose of 2 mg/kg of body weight for patients who weighed 40 kg, and 100 mg for patients who weighed >40
kg, was well tolerated. Adverse events were similar for both treatment arms and reflected those experienced
by patients with comorbid conditions. These adverse events included sepsis, fever, vomiting, diarrhea, anemia,
thrombocytopenia, and hypokalemia. Patients in the micafungin group experienced significantly fewer adverse
events leading to treatment discontinuation than those in the amphotericin B group (2/25 [3.8%] vs. 9/54
[16.7%], respectively), suggesting a safety advantage for micafungin in this population. Two patients receiving
micafungin experienced serious adverse events, including a worsening of renal failure, a preexisting condition,
and a moderate increase in serum creatinine resulting in discontinuation of therapy. Patients rarely experienced
clinically meaningful changes in creatinine, aspartate transaminase, alanine transaminase, or bilirubin during
treatment. Children aged >2 years in the micafungin treatment arm experienced a smaller mean peak decrease
in the estimated glomerular filtration rate than those in the L-amB arm.*®

A multicenter, ascending-dosage study of anidulafungin in 25 children with neutropenia, without HIV
infection and aged 2 years to 17 years, showed anidulafungin to be well tolerated and observed no drug-
related serious adverse events. Fever was observed in one patient with a National Cancer Institute toxicity
grade of 3, and facial erythema was observed in another patient, which resolved after the infusion rate was
decreased.>

Immune reconstitution inflammatory syndrome (IRIS) associated with Candida infection has not been
described in children with HIV infection. However, evidence suggests that candidiasis (other than Candida
esophagitis) occurs with increased frequency in adults during the first 2 months after initiation of ART.%

Managing Treatment Failure

Oropharyngeal and Esophageal Candidiasis

If OPC initially is treated topically, failure or relapse should be treated with oral fluconazole or itraconazole
oral solution (strong, high).?%6

Approximately 50% to 60% of patients with fluconazole-refractory OPC and 80% of patients with
fluconazole-refractory esophageal candidiasis will respond to itraconazole solution (weak, moderate).*¢-7
Posaconazole is a second-generation orally bioavailable triazole that has been effective in adults with HIV
infection who have azole-refractory OPC or esophageal candidiasis.®® However, experience in children is
limited, and an appropriate dosage for children aged <13 years has not been defined; thus data in children are
insufficient to recommend its use in children with HIV infection (weak, low).%*7°

An Amphotericin B dose of 1 mL given orally four times daily of a 100-mg/mL suspension sometimes has
been effective in patients with OPC who do not respond to itraconazole solution; however, this product is
not available in the United States (weak, low).®” Low-dose IV amphotericin B (0.3-0.5 mg/kg/day) has been
effective in children with refractory OPC or esophageal candidiasis (strong, moderate).?>¢"-!:2

Data on the use of echinocandins to treat azole-refractory OPC or esophageal candidiasis in children with and
without HIV infection are limited; however, given their excellent safety profile, the echinocandins®® could be
considered for treatment of azole-refractory esophageal candidiasis (weak, moderate).

Invasive Disease

As noted above, the treatment of choice for invasive disease in children with HIV infection depends on
severity of disease, previous azole exposure, and Candida isolate and antifungal susceptibility (if known).
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An echinocandin is recommended for severely ill children and fluconazole is recommended as a first

line alternative for children who are not critically ill and have no recent azole exposure. The role of the
echinocandins in invasive candidiasis has not been well studied in children with HIV infection, however
there is extensive clinical experience with echinocandins in children. 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 as first-line treatment of invasive candidiasis in
neutropenic or critically-ill children (strong, moderate).

Various amphotericin B formulations exist for management of refractory disease. Although lipid
amphotericin B formulations appear to be at least as effective as conventional amphotericin B for treating
serious fungal infections,”>" the drugs are considerably more expensive than conventional amphotericin
B. However, the lipid formulations have less acute and chronic toxicity. Two lipid formulations are used:
amphotericin B lipid complex and liposomal amphotericin B lipid complex.”>-”’

For invasive candidiasis, amphotericin B lipid complex is administered as 5 mg/kg body weight IV once
daily over 2 hours.”>7¢7 Liposomal amphotericin B is administered I'V as 3 to 5 mg/kg body weight once
daily over 1 to 2 hours.

Preventing Recurrence

Similar to recommendations regarding primary prophylaxis, secondary prophylaxis of recurrent OPC is

also not routinely recommended because treatment of recurrence is typically effective, there are concerns
for drug-drug interactions, the potential exists for development of resistance, and prophylaxis can prove
costly (strong, moderate). Immune reconstitution with ART in immunocompromised children should be a
priority (strong, weak). However, when recurrences are frequent and severe, secondary prophylaxis may be
considered on a case-by-case scenario. Data from studies of adults with HIV infection on ART suggest that
suppressive therapy with systemic azoles, either with oral fluconazole (weak, moderate) or voriconazole or
itraconazole solution (weak, moderate), can be effective.?87%8!

Experience with adults with HIV infection suggests that, in patients with initial fluconazole-refractory OPC
or esophageal candidiasis that subsequently responded to voriconazole, posaconazole or echinocandins,
continuation of the effective drug as secondary prophylaxis until ART produces immune reconstitution can
be effective (weak, low).

Discontinuing Secondary Prophylaxis

In situations when secondary prophylaxis is instituted, no data exist on which to base a recommendation
regarding discontinuation. On the basis of experience in adults with HIV infection with other opportunistic
infections, discontinuation of secondary prophylaxis can be considered when a patient’s CD4 count or
percentage has risen to CDC Immunologic Category 2 or 1 (weak, low).*

Recommendations

Treatment

I. What is the preferred antifungal treatment for oropharyngeal candidiasis (OPC) in children with
HIV infection?

* Uncomplicated OPC infection can be effectively treated with topical therapy using clotrimazole troches
or nystatin suspension for 7 to 14 days (strong, moderate).
*  Oral fluconazole for 7 to 14 days is recommended for moderate or severe OPC disease (strong, high).

* For fluconazole-refractory OPC, itraconazole oral solution is recommended, although itraconazole is less
well tolerated than fluconazole (strong, moderate).

» Chronic suppressive therapy is usually unnecessary; if it is required, fluconazole 3 times weekly is
recommended (strong, high).
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I1. What is the preferred antifungal treatment for esophageal candidiasis in children with HIV infection?
+ Systemic therapy is always required for esophageal disease (strong, moderate).

*  Oral fluconazole is recommended for 14 to 21 days, but amphotericin B or an echinocandin (caspofungin,
micafungin, anidulafungin) can be used in patients who cannot tolerate oral therapy (strong, moderate).

» For refractory esophageal disease, oral therapy can include itraconazole solution or voriconazole for 14 to
21 days (strong, low).

*  Suppressive therapy with fluconazole 3 times weekly is recommended for recurrent infection (strong,
moderate).
III. What is the preferred antifungal treatment for invasive candidiasis in children with HIV infection?

* In moderately severe to severely ill children with invasive candidiasis, an echinocandin is recommended.
In less severely ill children who have not had previous azole therapy, fluconazole is recommended (strong,
moderate).

» Alternatively, an initial course of amphotericin B therapy can be administered for invasive candidiasis with
careful transition to fluconazole therapy to complete the treatment course (strong, moderate).

*  Amphotericin B lipid formulations have a role in children who are intolerant of conventional amphotericin
B (deoxycholate) or who are at high risk of nephrotoxicity because of preexisting renal disease or use of
other nephrotoxic drugs (weak, moderate).

*  Children with candidemia should be treated for >14 days after documented clearance of Candida from the
last positive blood culture and resolution of neutropenia and of clinical signs and symptoms of candidemia
(strong, low).

» Central venous catheters should be removed when feasible in children with candidemia (strong, moderate).
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Dosing Recommendations for Prevention and Treatment of Candidiasis (page 1 of 3)

* Fluconazole 6-12 mg/kg body
weight (maximum 400 mg/dose) by
mouth once daily

+ Clotrimazole troches, 10-mg troche
by mouth 4-5 times daily

+ Nystatin suspension 4-6 mL
by mouth 4 times daily, or 1-2,
200,000-unit flavored pastilles by
mouth 4-5 times daily

Treatment Duration:
* 7 to 14 days

Esophageal Disease:

* Fluconazole 6-12 mg/kg body
weight by mouth once daily
(maximum dose: 600 mg)

* ltraconazole oral solution, 2.5 mg/
kg body weight/dose by mouth
twice daily

Treatment Duration:

+ Minimum of 3 weeks and for at least
2 weeks following the resolution of
symptoms

Indication First Choice Alternative Comments/Special Issues
Primary Not routinely recommended N/A N/A
Prophylaxis
Secondary Not routinely recommended but can | N/A Secondary Prophylaxis Indicated:
Prophylaxis | be considered for frequent severe « Frequent or severe recurrences
recurrences.
. Criteria for Discontinuing Secondary
Fluconazole: Prophylaxis:
* Fluconazole 3-6 mg/kg body weight + When CD4 count or percentage has
daily (maximum 200 mg) by mouth, risen to CDC immunologic Category
or itraconazole oral solution, 2.5 20r 1
mg/kg body weight/dose twice daily
Criteria for Restarting Secondary
Prophylaxis:
* Frequent severe recurrences
Treatment Oropharyngeal: Oropharyngeal (Fluconazole-Refractory): | Itraconazole oral solution should

« Itraconazole oral solution 2.5 mg/kg
body weight/dose by mouth twice daily
(maximum 200-400 mg/day)

Esophageal Disease:

+ Amphotericin B (deoxycholate) 0.3-0.7
g/kg body weight IV once daily

Echinocandins

Anidulafungin:

+ Aged 2-17 Years: Loading dose of
3 mg/kg body weight/daily and then
maintenance at 1.5 mg/kg body weight/
dose daily IV

* Aged 218 Years: 200-mg loading dose,
then 100 mg/dose daily IV

Caspofungin:
* Infants Aged <3 Months: 25 mg/m? BSA/
dose daily IV

+ Aged 3 Months-17 Years: 70 mg/m?/day
IV loading dose followed by 50 mg/m?/
day IV (maximum 70 mg). Note: Dosing
of caspofungin for children should be
based on body surface area.

* Aged 218 Years: 70-mg loading dose IV,
then 50 mg/dose daily IV

not be used interchangeably with
itraconazole capsules. ltraconazole
capsules are generally ineffective for
treatment of esophageal disease.

Central venous catheters should be
removed, when feasible, in children
with HIV with fungemia.

In uncomplicated catheter-associated
C. albicans candidemia, an initial
course of amphotericin B followed by
fluconazole to complete treatment
can be used (use invasive disease
dosing).

Voriconazole has been used to treat
esophageal candidiasis in a small
number of immunocompromised
children without HIV.

Voriconazole Dosing in Pediatric
Patients:

« Voriconazole 9 mg/kg body weight/
dose every 12 hours IV loading for
day 1, followed by voriconazole 8
mgl/kg body weight/dose IV every
12 hours.

+ Conversion to oral voriconazole
should be at 9 mg/kg body weight/
dose orally every 12 hours.

+ Children aged 212 years and
weighing at least 40 kg can use
adult dosing (load voriconazole 6
mgl/kg body weight/dose every 12
hours IV on day 1, followed by 4 mg/
kg body weight/dose every 12 hours
IV. Conversion to oral therapy at 200
mg every 12 hours by mouth).
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Dosing Recommendations for Prevention and Treatment of Candidiasis (page 2 of 3)

Invasive Disease

Critically ill
Echinocandin Recommended
Anidulafungin:

* Aged 2-17 Years: Load with 3 mg/
kg body weight/daily dose IV and
then maintenance dose at 1.5 mg/
kg body weight once daily

+ Aged 218 Years: 200-mg loading
dose, then 100 mg once daily

Caspofungin:

* Infants Aged <3 Months: 25 mg/m?
BSA/dose once daily IV

* Aged 3 months—17 years: 70 mg/m?
BSA/day loading dose followed by
50 mg/m? once daily (maximum 70
mg). Note: Dosing of caspofungin
in children should be based on
body surface area.

+ Aged 218 Years: 70-mg loading
dose, then 50 mg once daily

Indication First Choice Alternative Comments/Special Issues
Treatment, Micafungin: Anidulafungin in Children Aged 2-17
continued Years:

* Note: In the United States, optimal
dosing for children is not yet established,
and there is no pediatric indication yet.
Studies indicate linear PK; age and
clearance are inversely related (see
recommended doses below).

* Neonates: Up to 10-12 mg/kg body
weight/dose daily IV may be required to
achieve therapeutic concentrations.

* Infants <15 kg body weight, 5-7 mg/kg
body weight/dose daily IV

* Children <40 kg body weight and aged
2-8 years, 3—4 mg/kg body weight/dose
daily IV

+ Children <40 kg body weight and aged
9-17 years, 2-3 mg/kg body weight/
dose daily IV

+ Children >40 kg body weight, 100 mg/
dose daily IV

1V Fluconazole:

* Children: 6-12 mg/kg body weight/dose
daily for infants and children of all ages
(maximum dose: 600 mg daily).

Invasive Disease:

* Fluconazole 12 mg/kg body weight
[V once daily (maximum 600 mg/
day) for minimum 2 weeks after last
positive blood culture (if uncomplicated
candidemia)

* Lipid formulations of amphotericin B, 5
mg/kg body weight IV once daily

+ Amphotericin B deoxycholate, 1 mg/kg
body weight IV once daily

+ Loading dose of 3 mg/kg body
weight/once daily followed by 1.5
mg/kg body weight/once daily (100
mg/day maximum).

Fluconazole Dosing Considerations:

+ If a neonate’s creatinine level is >1.2
mg/dL for >3 consecutive doses,
the dosing interval for fluconazole
12 mg/kg body weight may be
prolonged to one dose every 48
hours until the serum creatinine
level is <1.2 mg/dL.

+ Aged 218 Years: 400 mg/dose once
daily (6 mg/kg body weight once
daily).
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Dosing Recommendations for Prevention and Treatment of Candidiasis (page 3 of 3)

* Note: In the United States,
optimal dosing for children is not
yet established, and there is no
pediatric indication yet. Studies
indicate linear PK; age and
clearance are inversely related (see
recommended doses below).

* Neonates: Up to 10-12 mg/kg
body weight/dose daily IV may be
required to achieve therapeutic
concentrations.

* Infants <15 kg body weight: 5-7
mg/kg/day

« Children <40 kg body weight and
aged 2-8 years: 3—4 mg/kg body
weight/dose daily IV

* Children <40 kg body weight and
aged 9-17 years: 2-3 mg/kg body
weight/dose daily

* Children >40 kg body weight: 100
mg/dose daily IV

Treatment Duration:

+ Based on presence of deep-tissue
foci and clinical response; in
patients with candidemia, treat until
2 weeks after last positive blood
culture.

Not critically ill
Fluconazole Recommended:

+ 12 mg/kg body weight/dose daily
IV (maximum dose: 600 mg) for
infants and children of all ages

+ Avoid fluconazole for C. krusei and
C. glabrata, avoid echinocandin for
C. parapsilosis.

Treatment Duration:

+ Based on presence of deep-tissue
foci and clinical response; in
patients with candidemia, treat until
2 weeks after last positive blood
culture.

Indication First Choice Alternative Comments/Special Issues
Treatment, Micafungin:
continued

Key to Abbreviations: BSA = body surface area; CD4 = CD4 T lymphocyte; CDC = Centers for Disease Control and Prevention; IV =
intravenous; PK = pharmacokinetic
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Coccidioidomycosis (Last updated November 6, 2013; last reviewed November 6, 2013)

Panel’s Recommendations

¢ Routine use of antifungal medications for primary prophylaxis of coccidioidal infections in children is not recommended (BIII).

» Diffuse pulmonary or disseminated infection (not involving the central nervous system) should be treated initially with
amphotericin B (All*). After completion of amphotericin B, treatment with fluconazole or itraconazole should begin (BIII).
Alternatively, some experts initiate therapy with amphotericin B combined with a triazole, such as fluconazole, in patients with
disseminated disease and continue the triazole after amphotericin B is stopped (BIII).

¢ There is no evidence that lipid preparations of amphotericin are more effective than amphotericin B deoxycholate for the
treatment of coccidioidomycosis. Lipid preparations are often preferred because they are better tolerated and associated with
less nephrotoxicity than amphotericin B deoxycholate (All*).

« For patients with mild disease (e.g., focal pneumonia), monotherapy with fluconazole or itraconazole is appropriate (BII*).
 |traconazole is preferred for treatment of skeletal infections (All*).

* Because absorption of itraconazole varies from patient to patient, serum concentrations should be measured to ensure effective,
non-toxic levels of drug, monitor drug levels following changes in dosage, and assess compliance (BIII).

* Amphotericin B preparations are not the drugs of choice for treating coccidioidal meningitis; fluconazole is the preferred drug for
treating coccidioidal meningitis (All*).

 Lifelong antifungal suppression (secondary prophylaxis) with either fluconazole or itraconazole is recommended for treating HIV-
infected children after disseminated, diffuse pulmonary, and/or meningeal coccidioidomycosis (All*), even if immune
reconstitution is achieved with combination antiretroviral therapy (CART). Lifelong secondary prophylaxis should be considered
for children with mild disease and CD4 T lymphocyte cell count <250 cells/mm? or <15%, even if immune reconstitution is
achieved with cART (BIII).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: | = One or more randomized trials in childrent with clinical outcomes and/or validated endpoints; |* = One or
more randomized trials in adults with clinical outcomes and/or validated laboratory endpoints with accompanying data in childrent
from one or more well-designed, nonrandomized trials or observational cohort studies with long-term clinical outcomes; Il = One
or more well-designed, nonrandomized trials or observational cohort studies in children’ with long-term outcomes; I1* = One or
more well-designed, nonrandomized trials or observational studies in adults with long-term clinical outcomes with accompanying
data in children' from one or more similar nonrandomized trials or cohort studies with clinical outcome data; 11l = Expert opinion

t Studies that include children or children/adolescents, but not studies limited to post-pubertal adolescents

Epidemiology

Coccidioidomycosis is caused by the endemic,"? soil-dwelling dimorphic fungus, Coccidioides spp. Two
species, Coccidioides posadasii and C. immitis, have been identified using molecular and biogeographic
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. Clinical illnesses
caused by each are indistinguishable. Infection usually results from inhalation of spores (arthroconidia)
produced by the mycelial form which grows in arid, windy environments with hot summers preceded by rainy
seasons.>*>® [nfection that occurs in non-endemic regions usually results from either re-activation of a previous
infection or from acquisition during travel to an endemic region.” Contaminated fomites, such as dusty clothing
or agricultural products,® also have been implicated as infrequent sources of infection.’

Most illnesses are primary infections with rates governed by both environmental conditions that are conducive
to fungal growth and to activities/conditions that predispose to inhalation of spores. Increased infection rates
have been attributed to population shifts to endemic regions, climatic conditions, and better recognition.!*!2 A
review of hospitalizations for coccidioidomycosis at children’s hospitals from 2002 to 2006 found an increased
incidence in 2005 to 2006, especially among patients with comorbid conditions. '
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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 individuals with CD4 T lymphocyte (CD4) cell counts <250 cells/mm?.'%!* The threshold for
increased risk in HIV-infected children has not been established; systemic fungal infection has occurred
when CD4 counts were <100 cells/mm? and with CD4 percentages <15%, both indicative of severe
immunosuppression.'®!” Although no cases of coccidioidomycosis were reported in HIV-infected children
enrolled in the Perinatal AIDS Collaborative Transmission Study, the study sites under-represented
geographic regions in which coccidioidomycosis is endemic.!®* Women who acquire coccidioidomycosis late
in pregnancy are at risk of dissemination, but infection in their infants is infrequent.!® Infections in infants
usually result from inhalation of spores in the environment. In adults, combination antiretroviral therapy
(cART) appears to be responsible for the declining incidence and severity of coccidioidomycosis.?*?! Data
are limited in children.

Clinical Manifestations

Coccidioidal infection can range from a mild, self-limited, flu-like illness to more severe, focal or
disseminated illness, including pneumonia, bone and joint infection and meningitis. Immunocompromised
individuals and previously healthy blacks, Hispanics, and Filipinos with coccidioidomycosis are at increased
risk of dissemination, as are pregnant women who acquire coccidioidal infection during the second or third
trimester? or the postpartum period.?*»** The severity of clinical manifestations in HIV-infected adults varies
in direct proportion to the degree of immunocompromise. Diffuse pulmonary infection and extrathoracic
dissemination have been associated with decreased CD4 counts, increased HIV RNA levels, and lower
likelihood of having received potent antiretroviral therapy (ART).?! Focal pneumonitis can occur in mild to
moderately immunocompromised patients.!>?* Pleural inflammation may result in effusion, empyema, and/or
pneumothorax.” If untreated, a coccidioidal antibody-seropositive, HIV-infected individual is at risk of
serious disease, with the degree of severity inversely proportional to absolute CD4 counts <250/mm?®. Bone
and joint involvement is rare in HIV-infected patients.?-2¢

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 symptom of extrathoracic dissemination.
Children with meningitis may present with headaches, altered sensorium, vomiting, and/or focal neurologic
deficits.?”* Fever is sometimes absent, and meningismus occurs in only 50% of patients. Hydrocephalus
complicating basilar inflammation?”** occurs in most (83%—100%) children with coccidioidal meningitis.
Generalized lymphadenopathy, skin nodules, plaques or ulcers,?**? peritonitis, and liver abnormalities also
may accompany disseminated disease.

2731

Diagnosis

Because signs and symptoms are non-specific, the diagnosis of coccidioidomycosis should be among those
considered in patients who reside in or have visited endemic areas.?>** Culture, microscopy, and serology
have been the methods used for diagnosis, but newer tests, including coccidioidal galactomannan antigen
detection in urine,'** are especially useful for diagnosis in immunocompromised hosts. Polymerase chain
reaction (PCR) assays that target specific coccidioidal genes have been developed but are not yet
commercially available.?>-¢

In patients with meningitis, cerebrospinal fluid (CSF) shows moderate hypoglycorrhachia, elevated protein
concentration, and pleocytosis with a predominance of mononuclear cells. CSF eosinophilia may also be
present. The observation of distinctive spherules containing endospores in histopathologic tissue®’ or other
clinical specimens is diagnostic. Stains of CSF in patients with meningitis usually are negative.
Pyogranulomatous inflammation with endosporulating spherules is seen in affected tissue specimens with
haematoxylin and eosin. Spherules can also be observed using Papanicolaou, Gomori methenamine silver
nitrate, and periodic acid-Schiff stains. Cytologic stains are less reliable for diagnosing pulmonary
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coccidioidomycosis, and a negative cytologic stain on a clinical respiratory specimen may not exclude active
pulmonary coccidioidomycosis.?® Potassium hydroxide stains are less sensitive and should not be used.?

Growth of Coccidioides spp. is supported by many conventional laboratory media used for fungal isolation;
growth may occur within 5 days at 30°C to 37°C.?¢ Blood cultures are positive in <15% of cases; CSF
cultures are positive in <50% of children with meningitis.?**%* Cultures of respiratory specimens are often
positive in adults with pulmonary coccidioidomycosis. The laboratory should be alerted to clinical suspicion
of coccidioidal infection so that specimens can be handled in secure and contained fashion to minimize
hazards to laboratory personnel.

Serologic assays, performed by enzyme-linked immunoassay (EIA), immunodiffusion, or classical tube
precipitin or complement fixation methodology that measure coccidioidal Immunoglobulin M (IgM) and
Immunoglobulin G (IgG) antibody are valuable aids in diagnosis* but may be falsely negative in
immunocompromised hosts. Presence of [gM-specific coccidioidal antibody suggests active or recent
infection although, in instances in which IgG-specific antibody is absent, data are conflicting about potential
false positives.***! IgG-specific antibody appears later and persists for 6 to 8 months. A commercial ETIA
appears more sensitive than the older tube precipitin and complement fixation tests and the immunodiffusion
assays, although concern remains about specificity.*? The EIA, however, is not quantitative.?* Assays for
coccidioidal antibody in serum or body fluids such as CSF provide diagnostic and prognostic information.
Cross-reactivity can occur with other endemic mycoses. IgG-specific antibody titers often become
undetectable in several months if the infection resolves. The diagnosis of meningitis is established with either
a positive CSF culture or detection of IgG-specific antibody in CSF. Serial testing*® following at least a 2-
week interval may be needed to demonstrate this. Antibody titers decline during effective therapy. A
Coccidiodes EIA has been developed that detects and quantifies coccidioidal galactomannan concentrations
in urine samples**#3* and is especially useful in serious infections and/or instances in which antibody is
undetectable. Dissociation of immune complexes has increased the sensitivity of detection of coccidioidal
antigen in serum.* Meningitis has been diagnosed using real-time PCR analysis of CSF.3¢

Prevention Recommendations

Preventing Exposure

HIV-infected patients who reside in or visit regions in which coccidioidomycosis is endemic cannot
completely avoid exposure to Coccidioides spp., but risk can be reduced by avoiding activities and/or
exposure to sites that may predispose to inhalation of spores. These include disturbing contaminated soil,
archaeological excavation, and being outdoors during dust storms. If such activities are unavoidable, use of
high-efficiency respiratory filtration devices should be considered.*®

Preventing First Episode of Disease

No prospective studies have been published that examine the role of prophylaxis to prevent development of
active coccidioidomycosis in patients without previous (recognized) episodes of coccidioidomycosis.
Although some experts would provide prophylaxis with an azole (fluconazole) to coccidioidal antibody-
positive HIV-infected patients living in regions with endemic coccidioidomycosis, others would not.?
Chemoprophylaxis is used for coccidioidal antibody-positive HIV-infected adults living in endemic areas and
with CD4 counts <250 cells/mm?.#*4 However, given the low incidence of coccidioidomycosis in HIV-
infected children, the potential for drug interactions, potential for development of antifungal drug resistance,
and the cost, the routine use of antifungal medications for primary prophylaxis of coccidioidal infections in
children is not recommended (BIII).

Discontinuing Primary Prophylaxis
Not applicable.
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Treatment Recommendations

Treating Disease

In patients with HIV infection, effective cART, if not being administered at the time of diagnosis of
coccidioidomycosis, should be started in concert with initiation of antifungal agents. Treatment protocols that are
recommended for HIV-infected children are based on experience in nonrandomized, open-label studies in adults.
Physicians who infrequently treat children with coccidioidomycosis should consider consulting with experts.

Antifungal therapy had been a recommendation for all HIV-infected adults with clinically active, mild
coccidioidomycosis.*” More recently, treatment protocols appropriate for patients who are HIV-uninfected have
been suggested*” for HIV-infected adults reliably receiving potent ART and who have CD4 counts >250 cells/
mm?>.* That would include patients with mild infections that are not accompanied by signs suggestive of
dissemination, diffuse pulmonary infiltrates, or meningitis. In this setting, patients should be closely monitored
to ensure compliance with ART, effective HIV suppression, and maintenance of CD4 counts >250 cells/mm?.
Management should also include education directed at reducing the probability of re-exposure to coccidioidal
spores. In children, absent comparable published experience in this setting, expert consultation should be sought
and, if treatment is elected, recommendations should be based upon assurance of continued compliance with
ART, confirmation of continued HIV suppression, CD4 counts >250/mm?, education directed at decreasing the
likelihood of exposure to coccidioidal spores, and close medical follow up.

For patients with mild, non-meningitic disease (e.g., focal pneumonitis), monotherapy with fluconazole or
itraconazole is appropriate given their effectiveness, safety, convenient oral dosing, and pharmacodynamic
parameters (BII*). Fluconazole (6—12 mg/kg/day) and itraconazole (5-10 mg/kg/dose twice daily for the first

3 days, followed thereafter by 2—5 mg/kg per dose twice daily) are alternatives to amphotericin B for children
who have mild, non-meningitic disease (BIII). In a randomized, double-blind trial in adults, fluconazole and
itraconazole were equivalent for treating non-meningeal coccidioidomycosis. Itraconazole (5 mg/kg body
weight dose twice daily) appeared to be more effective than fluconazole for treating skeletal infections (AIT*).*8

Severely ill patients with diffuse pneumonia and/or other signs of probable disseminated infection (not
involving the CNS) are initially treated with an amphotericin B preparation because these appear to evoke a
faster therapeutic response than do the azoles.*>>° Although there is no evidence that the lipid preparations
are more effective than amphotericin B deoxycholate, lipid formulations often are used because they are
better tolerated (AIII). The length of amphotericin B therapy is governed by both the severity of initial
symptoms and the pace of the clinical improvement. Thereafter, amphotericin B is stopped and treatment
with fluconazole or itraconazole begun (BIII). Some experts initiate therapy with both amphotericin B and a
triazole, such as fluconazole, in patients with severe disseminated disease and continue the triazole after
amphotericin B is stopped (BIII).?%*¥ The total duration of therapy should be >1 year.?

Meningitis is a life-threatening manifestation of coccidioidomycosis and consultation with experts should be
considered (BIII). Successful treatment requires an antifungal agent that achieves effective concentrations in
CSF. Intravenous amphotericin B achieves poor CSF concentrations and is therefore not recommended for
treating coccidioidal meningitis (AIIT). The relative safety and comparatively superior ability of fluconazole to
penetrate the blood-brain barrier have made it the treatment of choice for coccidioidal meningitis (AII*). An
effective dose of fluconazole in adults is 400 mg/day, but some experts begin therapy with 800 to 1000
mg/day.*’ Children usually receive 12 mg/kg/dose once daily (800 mg/day maximum) (AIT¥).552 The 12 mg/kg
dosage may be required to attain serum concentrations equivalent to those in adults receiving 400 mg/day.>
Some experts would begin at a dose of 15 to 23 mg/kg/day.>* Successful therapy with posaconazole®* and
voriconazole has been described in adults but there is no published experience in children.> Some experts use
amphotericin B administered intrathecally*®¢ in addition to an azole. Intrathecal amphotericin administration
adds additional toxicity and is not used as part of initial therapy (CIII). Despite the benefits afforded by the
azoles for treating meningitis, a retrospective analysis of outcomes in adults treated for coccidioidal meningitis
in the pre-azole (earlier than 1980) compared with outcomes in the azole era found that a similar percentage
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developed serious complications, including stroke and hydrocephalus; risk factors for acquiring coccidioidal
meningitis in the azole era included immunocompromised state, with one-third of patients in this group having
HIV/AIDS.®

Monitoring and Adverse Events (Including IRIS)

In addition to monitoring patients for clinical improvement, some experts®® have recommended monitoring
coccidioidal IgG antibody titers to assess response to therapy. Titers should be obtained every 12 weeks (AIII).
If therapy is succeeding, titers should decrease progressively; 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.? This lag in response during the first 2 months of therapy should not necessarily be
construed as treatment failure.

Adverse effects of amphotericin B are primarily those associated with nephrotoxicity. 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). Intrathecal
injection of amphotericin B may result in arachnoiditis.’”>*

Triazoles can interact with other drugs metabolized by CYP450-dependent hepatic enzymes,**** and the
potential for drug interactions should be assessed before initiation of therapy (AIII). Use of fluconazole or
itraconazole appears to be safe in combination with ART. Voriconazole should be avoided in patients
receiving protease inhibitors (BIII)®' or non-nucleoside reverse transcriptase inhibitors.'> The most frequent
adverse effects of fluconazole are nausea and vomiting. Skin rash and pruritus may be observed, and cases of
Stevens-Johnson syndrome have been reported. Asymptomatic increases in transaminases occur in 1% to
13% of patients receiving azole drugs. In HIV-infected patients, fluconazole at high doses can cause adrenal
insufficiency.%

Because absorption of itraconazole varies from patient to patient, serum concentrations should be measured
to ensure effective, non-toxic levels of drug, monitor changes in dosage, and assess compliance (BIII).

Coccidioidomycosis-associated immune reconstitution inflammatory syndrome following the initiation of
ART has not been reported in children and is rarely reported in adults.®

Managing Treatment Failure

The treatment of coccidioidomycosis unresponsive to standard therapy has been reviewed; the majority of
experience has been in adults.”® Posaconazole was effective in 6 adults with disease refractory to treatment
with other azoles and to amphotericin B% and has been used successfully in 73% of 15 adults whose
infections were refractory to previous therapy.®> Posaconazole has also been effective for chronic refractory
meningitis unresponsive to fluconazole.>* Voriconazole was effective in treating coccidioidal meningitis and
non-meningeal disseminated disease in adults who did not respond to fluconazole or were intolerant of
amphotericin B.%-6768 Monotherapy with caspofungin successfully treated disseminated coccidioidomycosis
in a renal transplant patient intolerant of fluconazole and other adults in whom conventional therapy
failed.®"* Others have used caspofungin in combination with fluconazole.”!

Adjunctive interferon-gamma (IFN-y)”> was successfully used in a critically ill adult with respiratory failure
who did not respond to amphotericin B preparations and fluconazole.” However, no controlled clinical studies
or data exist for children; thus, adjunctive IFN-y is not recommended for use in HIV-infected children (BIII).

In instances in which patients with coccidioidal meningitis fail to respond to treatment with azoles, both
systemic amphotericin B and direct instillation of amphotericin B into the intrathecal, ventricular, or
intracisternal spaces, with or without concomitant azole treatment, have been used successfully. These
regimens are recommended in such instances (AIII).***? The basilar inflammation that characteristically
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accompanies coccidioidal meningitis often results in obstructive hydrocephalus requiring placement of a CSF
shunt. Thus, development of hydrocephalus in coccidioidal meningitis does not necessarily indicate
treatment failure. Response rates with the azoles can be excellent, but cures are infrequent. Relapse after
cessation of therapy is common, occurring in as many as 80% of patients.” Thus, indefinite continuation of
fluconazole therapy is recommended for patients who have coccidioidal meningitis (AIl*).

Preventing Recurrence

Lifelong suppression (secondary prophylaxis) is recommended for patients following successful treatment of
meningitis. Relapse after successful treatment of disseminated coccidioidomycosis can occur and lifelong
antifungal suppression with either fluconazole or itraconazole should be used (AII*). Secondary prophylaxis
should be considered for children with mild disease and ongoing CD4 counts <250 cells/mm?® or CD4
percentages <15% (BIIT).26:47:49.75.76

Discontinuing Secondary Prophylaxis

In disseminated infection, continued suppressive therapy (secondary prophylaxis) with fluconazole or
itraconazole is recommended after completion of initial therapy. Patients with diffuse pulmonary disease,
disseminated disease, or meningeal infection should remain on lifelong prophylaxis—even if immune
reconstitution is achieved with ART?*—because of high risk of relapse (AII*). In HIV-infected adults with
focal coccidioidal pneumonia who have clinically responded to antifungal therapy and have sustained CD4
counts >250 cells/mm? on ART, some experts would discontinue secondary prophylaxis after 12 months of
antifungal therapy with careful monitoring for recurrence with chest radiographs and coccidioidal serology.
However, only a small number of patients have been evaluated, and the safety of discontinuing secondary
prophylaxis after immune reconstitution with ART in children has not been studied. Therefore, in HI'V-
infected children, once secondary prophylaxis is initiated for an acute episode of milder, non-meningeal
coccidioidomycosis, lifelong suppressive therapy should be considered, regardless of ART and immune
reconstitution (BIII).
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Dosing Recommendations for Prevention and Treatment of Coccidioidomycosis

Compromise due to Diffuse Pulmonary

Compromise Due to Diffuse

or Disseminated Non-Meningitic Disease:

Pulmonary or Disseminated Non-

* Amphotericin B deoxycholate 0.5-
1.0 mg/kg body weight IV once daily,
until clinical improvement.

* A lipid amphotericin B preparation can
be substituted at a dose of 5 mg/kg
body weight IV once daily (dosage of
the lipid preparation can be increased to
as much as 10 mg/kg body weight IV
once daily for life-threatening infection).

* After the patient is stabilized, therapy
with an azole (fluconazole or
itraconazole) can be substituted and
continued to complete a 1-year course
of antifungal therapy.

Meningeal Infection:

* Fluconazole 12 mg/kg body weight
(maximum 800 mg) IV or by mouth
once daily followed by secondary
lifelong prophylaxis.

Mild-to-Moderate Non-Meningeal
Infection (e.g., Focal Pneumonia):

* Fluconazole 6-12 mg/kg body weight
(maximum 400 mg) per dose IV or by
mouth once daily.

Meningitic Disease (If Unable to
Use Amphotericin):

* Fluconazole 12mg/kg body
weight (maximum 800 mg) per
dose 1V or by mouth once daily

* Treatment is continued for total of
1 year, followed by secondary
prophylaxis.

Meningeal Infection (Unresponsive
to Fluconazole):

* |V amphotericin B plus intrathecal
amphotericin B followed by
secondary prophylaxis. Note:
Expert consultation
recommended.

Mild-to-Moderate Non-Meningeal
Infection (e.g., Focal Pneumonia):

* [traconazole 2-5 mg/kg body
weight per dose (maximum dose
200 mg) per dose IV or by mouth
3 times daily for 3 days, then
2-5 mg/kg body weight
(maximum dose 200 mg) by
mouth per dose twice daily
thereafter.

¢ Duration of treatment determined
by rate of clinical response.

Indication First Choice Alternative Comments/Special Issues
Primary N/A N/A Primary prophylaxis not routinely
Prophylaxis indicated in children.

Secondary Fluconazole 6 mg/kg body weight Itraconazole 2-5 mg/kg body Lifelong secondary prophylaxis

Prophylaxis | (maximum 400 mg) by mouth once daily | weight (maximum 200 mg) by with fluconazole for patients with

mouth per dose twice daily meningitis or disseminated disease

in the immunocompromised patient
is recommended. Secondary
prophylaxis should be considered
after treatment of milder disease if
CD4 count remains <250 cells/mm?
or CD4 percentage <15%.

Treatment Severe lliness with Respiratory Severe lliness with Respiratory Surgical debridement of bone,

joint, and/or excision of cavitary
lung lesions may be helpful.

Itraconazole is the preferred azole
for treatment of bone infections.

Some experts initiate an azole
during amphotericin B therapy;
others defer initiation of the azole
until after amphotericin B is
stopped.

For treatment failure, can consider
voriconazole, caspofungin, or
posaconazole (or combinations).
However, experience is limited and
definitive pediatric dosages have
not been determined.

Options should be discussed with
an expert in the treatment of
coccidioidomycosis.

Chronic suppressive therapy
(secondary prophylaxis) with
fluconazole or itraconazole is
routinely recommended following
initial induction therapy for
disseminated disease and is
continued lifelong for meningeal
disease.

Therapy with amphotericin results
In a more rapid clinical response
in severe, non-meningeal disease.

Key to Abbreviations: CD4 = CD4 T lymphocyte; IV = intravenous
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Cl‘yptOCOCCOSiS (Last updated November 6, 2013; last reviewed November 6, 2013)

Panel’s Recommendations

* Routine use of antifungal medications is not recommended for primary prophylaxis of cryptococcal infections in children (BIII).

» Combination therapy with amphotericin B deoxycholate (or liposomal amphotericin B) and flucytosine for 2 weeks (induction
therapy) followed by fluconazole for a minimum of 8 weeks (consolidation therapy) is recommended for central nervous system
disease (Al*). Amphotericin B lipid complex is another alternative to amphotericin B deoxycholate (BII*)

» Liposomal amphotericin B is preferred over amphotericin B deoxycholate for patients with or at risk of renal insufficiency (Al*);
amphotericin B lipid complex is an alternative (BII*).

* In patients who cannot tolerate flucytosine or if flucytosine is unavailable, amphotericin B deoxycholate (or liposomal
amphotericin B or amphotericin B lipid complex) with or without high-dose fluconazole can be used for initial therapy (BI*).
Fluconazole plus flucytosine is superior to fluconazole alone and an option in patients who cannot tolerate any form of
amphotericin (BII*).

¢ Echinocandins are not active against cryptococcal infections and should not be used (Alll).

» After a minimum of 2 weeks of induction therapy, if there is clinical improvement and a negative cerebrospinal fluid culture after
repeat lumbar puncture, amphotericin B and flucytosine can be discontinued and consolidation therapy with fluconazole
administered for a minimum of 8 weeks (Al*); itraconazole is a less preferable alternative to fluconazole (BI*).

 Secondary prophylaxis with fluconazole (Al*) or itraconazole (less preferable) (BI*) is recommended for a minimum of 1 year.

» Discontinuing secondary prophylaxis (after receiving secondary prophylaxis for = 1 year) can be considered for asymptomatic
children aged =6 years with CD4 counts =100 cells/mm? and an undetectable viral load on =3 months of combination
antiretroviral therapy (CHI). Secondary prophylaxis should be reinitiated if the CD4 count decreases to <100 cells/mm? (Alll).
Most experts would not discontinue secondary prophylaxis for patients younger than age 6 years (CIII).

» 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 (Alll). Those with mild-to-moderate pulmonary illness or other localized disease
can be managed with fluconazole monotherapy (Alll).

¢ In antiretroviral-naive patients newly diagnosed with cryptococcal meningitis or disseminated disease, delay in initiation of
potent antiretroviral therapy may be prudent until the end of the first 2 weeks of induction therapy (CIII).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: | = One or more randomized trials in childrent with clinical outcomes and/or validated endpoints; |* = One or
more randomized trials in adults with clinical outcomes and/or validated laboratory endpoints with accompanying data in children?
from one or more well-designed, nonrandomized trials or observational cohort studies with long-term clinical outcomes; Il = One
or more well-designed, nonrandomized trials or observational cohort studies in children’ with long-term outcomes; I1* = One or
more well-designed, nonrandomized trials or observational studies in adults with long-term clinical outcomes with accompanying
data in children' from one or more similar nonrandomized trials or cohort studies with clinical outcome data; Ill = Expert opinion

t Studies that include children or children/adolescents, but not studies limited to post-pubertal adolescents

Given the low incidence of cryptococcosis in HIV-infected children, even during the era before combination
antiretroviral therapy (cART), management of this disease in this age group has not been prospectively
studied. Treatment recommendations largely reflect information extrapolated from many well-designed
studies involving HIV-infected adults with cryptococcal meningitis. !

Epidemiology

Most cases of cryptococcosis in HIV-infected patients are caused by Cryptococcus neoformans,
Cryptococcus gattii (formerly Cryptococcus neoformans variety gattii) infection occurs primarily in tropical
and subtropical areas. Cryptococcal infections occur much less frequently in HIV-infected children than in
adults.? During the pre-cART era, most cases of cryptococcosis in HIV-infected children (overall incidence,
1%) occurred in those aged 6 through 12 years and in those with CD4 T lymphocyte (CD4) cell counts
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indicating severe immunosuppression.* Access to cART has further decreased the overall incidence of
cryptococcal infection®’ in HIV-infected children. Data from Pediatric AIDS Clinical Trials Group studies
before and after the advent of cART indicate that the rate of invasive fungal infection, including
cryptococcosis, has remained <0.1 per 100 child-years.’

Clinical Manifestations

Cryptococcosis often presents with subtle and non-specific findings, such as fever and headache. Early
diagnosis requires consideration of this infection in symptomatic patients 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.* In contrast to
this indolent presentation, 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).'® C. gattii
infections occur mostly in people who are not HIV-infected (or do not have other immunocompromsing
conditions), and neurologic disease due to C. gattii in such apparently normal hosts responds more slowly to
treatment and results in high risk of neurologic complications.!! C. gattii infections in HIV-infected patients,
however, are uncommon and are similar in presentation to C. neoformans infections in HIV-infected hosts.'?

Disseminated cryptococcosis can be associated with cutaneous lesions, including small, translucent,
umbilicated papules (indistinguishable from molluscum contagiosum), nodules, ulcers, and infiltrated
plaques resembling cellulitis. Pulmonary cryptococcosis without dissemination is unusual in children.
Presenting findings include unexplained recurrent fever, cough with scant sputum, intrathoracic
lymphadenopathy, and focal or diffuse pulmonary infiltrates. The infection also can be asymptomatic, with
pulmonary nodules revealed on routine chest radiograph.?

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

A lumbar puncture should be done in any patient with suspected cryptococcal meningitis. CSF cell count,
glucose, and protein can be virtually normal with central nervous system (CNS) cryptococcosis, but the
opening pressure usually is elevated. Microscopic examination of CSF on India ink-stained wet mounts can
be performed to diagnose suspected CNS disease but is largely replaced with the use of the cryptococcal
antigen test. In more than 90% of patients with cryptococcal meningitis, cryptococcal antigen can be detected
in CSF or serum by latex agglutination test (available from several manufacturers).

Fungal cultures from CSF, sputum, and blood can identify the organism. In some cases (meaning refractory
or relapsed disease), susceptibility testing of the C. neoformans isolate can be beneficial. Overall, in vitro
resistance to antifungal agents remains uncommon.'

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. neoformans 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 have been infected by C. neoformans by the third year of life.'*
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Preventing the First Episode of Disease

Because the incidence of cryptococcal disease is so low in HIV-infected children,
asymptomatic children for serum cryptococcal antigen is not recommended (CIII).

2415 routine testing of

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

In addition, routine use of antifungal medications is not recommended for primary prophylaxis of
cryptococcal infections in children because of the low incidence of cryptococcosis in HIV-infected children,
lack of survival benefits in primary prevention studies of adults,'® possibility of drug interaction, potential
resistance to antifungal drugs, and cost (BIII). Early diagnosis of HIV infection and treatment with cART
(following current HIV treatment guidelines) to prevent or reverse immune suppression should further
reduce risk of cryptococcal disease in HIV-infected children.

Discontinuing Primary Prophylaxis
Not applicable.

Treatment Recommendations

Treating Disease
Note: These recommendations are largely based on high-quality evidence from studies in adults.

CNS Disease

The most common and well-studied presentation of cryptococcal infection in HIV-infected patients is CNS
disease. In light of studies in adults,'!”! combination therapy with amphotericin B deoxycholate (or
liposomal amphotericin B) and flucytosine for 2 weeks (induction therapy) followed by fluconazole for a
minimum of 8 weeks (consolidation therapy) is recommended for children (AI*). Amphotericin B lipid
complex is an alternative to amphotericin B deoxycholate (BIT*).2° CSF was sterilized significantly more
rapidly in adults with CNS cryptococcal disease who received initial therapy with amphotericin B
deoxycholate (0.7 mg/kg/day) and flucytosine (100 mg/kg/day) than in those who received amphotericin B
deoxycholate alone, amphotericin B deoxycholate plus fluconazole, or triple-antifungal therapy.?!*? 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 deoxycholate at 0.7 mg/kg/day.”> However, a
randomized, double-blind clinical trial before the routine availability of cART that compared amphotericin B
(0.7 mg/kg/day), liposomal amphotericin B (3 mg/kg/day), and liposomal amphotericin B (6 mg/kg/day)
showed no difference in efficacy among the three arms, but significantly fewer adverse events with
liposomal amphotericin B (3 mg/kg body weight/day).?* Cost considerations aside (liposomal amphotericin is
significantly more expensive than amphotericin B deoxycholate), based on the reported experience in adults,
liposomal amphotericin B would be preferable to amphotericin B deoxycholate in patients with cryptococcal
meningitis who have or are at risk of renal failure (AI*). Amphotericin B lipid complex is another option
(BIT*).2° Monitoring for and managing increased intracranial pressure (ICP) is crucial to optimal
management of CNS cryptococcosis (see below).

In patients who cannot tolerate flucytosine (or if flucytosine is not available), amphotericin B deoxycholate (or
its liposomal preparation) with or without fluconazole can be used for initial therapy (BI*). In a randomized
Phase II trial in HIV-infected adolescents and adults, amphotericin B deoxycholate plus high-dose fluconazole
(800 mg daily) was found to be well tolerated and with a trend toward better outcome at days 42 and 70,
compared with amphotericin B deoxycholate alone.? Studies are needed to further validate the use of this
combination. In another study 80 HIV-seropositive, antiretroviral (ARV)-naive adults presenting with
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cryptococcal meningitis were randomized to 4 treatment arms of 2-week duration: group 1, amphotericin B
(0.7-1 mg/kg) and flucytosine (25 mg/kg 4 times daily); group 2, amphotericin B (0.7-1 mg/kg) and fluconazole
(800 mg daily); group 3, amphotericin B (0.7-1 mg/kg) and fluconazole (600 mg twice daily); and group 4,
amphotericin B (0.7-1 mg/kg) and voriconazole (300 mg twice daily). The primary end point was the rate of
clearance of infection from CSF or early fungicidal activity, as determined by results of serial, quantitative CSF
cryptococcal cultures. There were no statistically significant differences in the rate of clearance of cryptococcal
colony-forming units (CFU) in CSF samples among the 4 treatment groups.?® Fluconazole plus flucytosine is
superior to fluconazole alone?”-* and provides an alternative to amphotericin B deoxycholate for acute therapy
of invasive disease (BII*) that should be used only if amphotericin B-based therapy is not tolerated. Although
fluconazole monotherapy was an effective alternative to amphotericin B in adults with AIDS-associated
cryptococcal meningitis,?® concerns in this study about differences in early death, delayed CSF sterilization, and
drug resistance*®3! make fluconazole monotherapy less favorable for initial therapy of CNS disease. Because of
rapidly developing resistance, flucytosine alone should never be used to treat cryptococcosis. Echinocandins are
not active against cryptococcal infections and should not be used (AIII).

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 deoxycholate (or its liposomal preparation) and
flucytosine can be discontinued and consolidation therapy for a minimum of 8 weeks initiated with
fluconazole (AI*).3? Itraconazole is a less preferable alternative to fluconazole for the consolidation phase of
CNS therapy (BI*). Fluconazole is preferred because studies comparing the two agents demonstrate higher
rates of CSF sterilization during consolidation therapy!'® and less frequent relapse® during maintenance
therapy in fluconazole recipients. After completion of consolidation therapy, secondary prophylaxis
(maintenance therapy or suppressive therapy) should be initiated (see below).

Pulmonary and Extra Pulmonary 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 a form of amphotericin B with or without the
addition of flucytosine, as for CNS disease (AIII). Usually combination therapy should be provided until
symptoms resolve. Those with mild-to-moderate pulmonary illness or other localized 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 provided as for CNS disease
(AIII) (see notes below on secondary prophylaxis).

Monitoring and Adverse Events (Including IRIS)

Monitoring for Raised Intracranial Pressure

At the time of diagnosis and on subsequent lumbar punctures, all patients with cryptococcal meningitis
should have their lumbar opening pressure measured. Studies in adults clearly show the role of increased ICP
in deaths associated with CNS cryptococcosis.'®3* Patients with severe headache, confusion, blurred vision,
papilledema, or other neurologic signs or symptoms of increased ICP should be managed using measures to
decrease ICP. One approach recommended for adults is to measure pressure continually or repeatedly during
the lumbar puncture procedure and to remove CSF until the pressure is approximately half the opening
pressure but still no lower than normal.>* This may be repeated as often as every day until symptoms and
signs consistently improve. Similar data describing experience with therapeutic lumbar punctures in children
with cryptococcal meningitis are not available. Not specific to cryptococcal meningitis, a cutoff opening
pressure of 28 cm of water has been proposed in children, above which the pressure should be considered
elevated.®® CSF shunting through a lumbar drain or ventriculostomy can be considered for patients who
continue to have symptomatic increased ICP despite multiple lumbar taps (BIII). Corticosteroids and
mannitol have been shown to be ineffective in managing ICP in adults with cryptococcal meningitis and most
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experts would not recommend their use in children (CIII). Acetazolamide is hazardous as therapy for
increased ICP management in adults without signs of immune reconstitution inflammatory syndrome (IRIS)
and has not been evaluated in children with cryptococcal meningitis; acetazolamide is not recommended for
adults and most experts would similarly not use it in children (BIII).

Monitoring Treatment Response

In addition to monitoring clinical response, mycological 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 until CSF culture is negative.

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.’®37 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 treatment failure, and a rise in CSF antigen titer during suppressive therapy was associated
with relapse of cryptococcal meningitis.*® However, monitoring of CSF cryptococcal antigen levels requires
repeated lumbar punctures and is not routinely recommended for monitoring response.

Monitoring for Adverse Events

Adverse effects of amphotericin B (Table 5) are primarily nephrotoxicity; permanent nephrotoxicity is
related to cumulative 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, especially affecting the bone marrow (meaning anemia,
leukopenia, and thrombocytopenia), liver, gastrointestinal (GI) tract, kidney, and skin. In patients receiving
flucytosine, flucytosine blood levels should be monitored to prevent bone marrow suppression and GI
toxicity; after 3—5 days of therapy, the target 2-hour post-dose serum level of flucytosine is 40-60 pg/mL.
Flucytosine should be avoided in children with severe renal impairment.

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, particularly with ARV drugs, should be carefully evaluated before initiation of therapy.
Liver function tests should be monitored during treatment.

Immune Reconstitution Inflammatory Response Syndrome (IRIS)

While cases of IRIS in HIV-infected children have been described,*® most of the available information comes
from adult literature.

IRIS related to cryptococcosis can present within weeks (such as meningitis) or months (such as
lymphadenitis) after start of cART. 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 cART were re-admitted with symptoms
attributed to an inflammatory response.?® 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
cART. The most common presentation of late cryptococcal IRIS is lymphadenitis, particularly mediastinal
lymphadenitis.*4!

IRIS is a clinical diagnosis. While there are no specific laboratory tests to diagnose IRIS, presence of
negative cultures in a patient with clinical signs suggestive of tissue inflammation in the face of rapidly
improving cellular immunity would be suggestive of IRIS over treatment failure. The optimal management
of cryptococcal IRIS has not been defined. Antifungal therapy should be initiated in patients not already
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receiving it, raised intracranial pressure managed if present and antiretroviral therapy (ART) should be
continued. Although many cases resolve spontaneously, some experts also have used anti-inflammatory
therapy (e.g., short-course corticosteroids) in patients with severely symptomatic IRIS (CIII).*4

Adult HIV-infected treatment-naive patients with cryptococcal meningitis who go on to develop IRIS after
starting cCART are more likely to have higher HIV RNA levels at baseline® and exhibit less initial CSF
inflammation at the time of cryptococcal meningitis diagnosis, compared with those who do not develop
IRIS.* In patients with advanced immunosuppression and non-tuberculous opportunistic infections (OlIs), the
presence of a fungal infection, lower CD4 counts and higher HIV RNA levels at baseline, and higher CD4
counts and lower HIV RNA levels on treatment were found associated with IRIS.* For patients not on cART at
the time of diagnosis of cryptococcal meningitis, the timing of cART in relation to antifungal treatment remains
controversial. One randomized trial of adult HIV-infected patients with Ols (excluding tuberculosis) primarily
from the United States that included 35 patients with cryptococcal meningitis suggested that early cART
treatment (within the first 14 days of diagnosis) was safe and resulted in less AIDS progression/death compared
to deferred cART.* However a randomized clinical trial in Zimbabwe was reported to show higher mortality in
patients receiving cART starting within 72 hours of diagnosis compared to those waiting at least 10 weeks to
initiate ART.*® Patients in this study were treated with high dose fluconazole. Differences in management of
cryptococcal meningitis, raised ICP, and cART treatment options may account for some of the differences
between these two studies. In ARV-naive patients newly diagnosed with cryptococcal meningitis or
disseminated disease, delay in potent ART may be prudent until the end of the first 2 weeks of induction
therapy (CIII); further delays in initiating cART, especially in resource-poor settings, should be individualized.

Managing Treatment Failure

Treatment failure is defined as worsening or lack of improvement in signs and symptoms after 2 weeks of
appropriate therapy, including management of ICP; or relapse after an initial clinical response. Differentiating
IRIS from treatment failure is important because treatment approaches and outcomes differ; persistent positive
cultures indicate treatment failure. Optimal management of patients with treatment failure is unknown. If cultures
remain positive, evaluation of antifungal susceptibilities can be considered, although C. neoformans resistance to
fluconazole is rare in the United States. Patients in whom initial azole-based therapy fails should be switched to
amphotericin B-based therapy,* ideally in combination with flucytosine; the possibility of drug interactions
resulting in sub-therapeutic azole levels (meaning concurrent rifampin use or other drugs metabolized by the
liver) should be explored.*® Use of liposomal amphotericin B should be considered, because one study suggests
improved efficacy in CSF sterilization with liposomal preparations than with standard amphotericin B.?*> Some
data from HIV-infected adults indicate higher dosages (meaning 400—-800 mg/day) of fluconazole in combination
with flucytosine also can be considered for salvage therapy.'>*” Clinical experience with new antifungal agents in
managing cryptococcosis 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.***

Preventing Recurrence (Secondary Prophylaxis)

Patients who have completed initial therapy for cryptococcosis should receive secondary prophylaxis
(maintenance therapy or suppressive therapy) (AI*). Fluconazole (AI*) is superior and preferable to
itraconazole (BI*) for preventing relapse of cryptococcal disease.3>5%3!

Discontinuing Secondary Prophylaxis (Maintenance or Suppressive Therapy)

Until recently, lifelong secondary prophylaxis typically was recommended. The safety of discontinuing
secondary prophylaxis for cryptococcosis after immune reconstitution with cART has not been studied in
children, and decisions in that regard should be made on a case-by-case basis. Adults who have successfully
completed a course of initial therapy (including >12 months of secondary prophylaxis), remain asymptomatic
with regard to signs and symptoms of cryptococcosis, and have a sustained (=6 months) increase in their
CD4 counts to >100 cells/mm? with an undetectable viral load on ART for >3 months after cART are at
apparent low risk of recurrence of cryptococcosis.’?>* In light of these observations and inference from data
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regarding discontinuing secondary prophylaxis for other Ols in adults with advanced HIV infection,
discontinuing secondary prophylaxis for cryptococcosis (after receiving secondary prophylaxis for at least 1
year) can be considered for asymptomatic children aged >6 years, with increase in their CD4 counts to

>100 cells/mm? and an undetectable viral load on cART for >3 months (CIII). Secondary prophylaxis should
be re-initiated if the CD4 count decreases to <100 cells/mm? (AIII). Most experts would not discontinue
secondary prophylaxis for patients younger than age 6 years (CIII).
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Dosing Recommendations for Prevention and Treatment of Cryptococcosis (page 1 of 2)
Indication First Choice Alternative Comments/Special Issues
Primary Not recommended Not recommended N/A
Prophylaxis
Secondary Fluconazole 6 mg/kg body | Itraconazole oral solution 5 mg/kg body Secondary Prophylaxis Indicated:
Prophylaxis® | weight (maximum 200 mg) | weight (maximum 200 mg) by mouth once | o pocumented disease

by mouth once daily daily

Criteria For Discontinuing Secondary

Prophylaxis

If All of the Following Criteria are

Fulfilled:

* Age =6 years

» Asymptomatic on =12 months of
secondary prophylaxis

* CD4 count =100 cells/mm? with
undetectable HIV viral load on cART
for >3 months

Criteria for Restarting Secondary

Prophylaxis:

* CD4 count <100/mm?

Treatment CNS Disease CNS Disease In patients with meningitis, CSF culture

Acute Therapy (Minimum
2-Week Induction
Followed by Consolidation
Therapy):

* Amphotericin B
deoxycholate 1.0 mg/kg
body weight (or
liposomal amphotericin B
6 mg/kg body weight) IV
once daily PLUS
flucytosine 25 mg/kg
body weight per dose by
mouth given 4 times daily

Acute Therapy (Minimum 2-Week Induction
Followed by Consolidation Therapy)

If Flucytosine Not Tolerated or Unavailable:

* A. Liposomal amphotericin B, 6 mg/kg body
weight IV once daily, or Amphotericin B
Lipid Complex, 5 mg/kg body weight IV
once daily, or Amphotericin B deoxycholate,
1.0-1.5 mg/kg body weight IV once daily
alone or B. in combination with high-dose
fluconazole (12 mg/kg body weight on day
1 and then 10-12 mg/kg body weight [max
800 mg] IV). Note: Data-driven pediatric
dosing guidelines are unavailable for
fluconazole with use of such combination
therapy.

should be negative prior to initiating
consolidation therapy.

Overall, in vitro resistance to antifungal
agents used to treat cryptococcosis
remains uncommon. Newer azoles
(voriconazole, posaconazole,
ravuconazole) are all very active in vitro
against C. neoformans, but published
clinical experience on their use for
cryptococcosis is limited.
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Dosing Recommendations for Prevention and Treatment of Cryptococcosis (page 2 of 2)

* Fluconazole 12 mg/kg body
weight on day 1, then
10-12 mg/kg body weight
(max 800 mg) once daily IV
or by mouth for a minimum
of 8 weeks

Localized Disease, Including

day 1 and then 10-12 mg/kg body weight
(maximum 800 mg) IV or by mouth once
daily PLUS flucytosine, 25 mg/kg body
weight per dose by mouth given 4 times
daily

Consolidation Therapy (followed by
secondary prophylaxis):

* |traconazole 5-10 mg/kg body weight by
mouth given once daily, or 2.5-5 mg/kg
body weight given twice daily (maximum
200 mg/dose) for a minimum of 8 weeks.
A loading dose (2.5-5 mg/kg body
weight per dose 3 times daily) is given
for the first 3 days (maximum 200 mg/
dose; 600 mg/day). See comment on
itraconazole under Other Options/Issues.

Localized Disease Including Isolated

Isolated Pulmonary Disease

Pulmonary Disease (CNS Not Involved)®:

(CNS Not Involved)®:

* Fluconazole 12 mg/kg body
weight on day 1 and then
6-12 mg/kg body weight
(maximum 600 mg) IV or
by mouth once daily

Disseminated Disease (CNS

* Amphotericin B, 0.7-1.0 mg/kg body
weight, or

* Amphotericin liposomal 3-5 mg/kg body
weight, or

» Amphotericin lipid complex, 5 mg/kg
body weight IV once daily

Disseminated disease (CNS not involved)

Not Involved) or Severe,

or severe, pulmonary disease®:

Pulmonary Disease®:

* Amphotericin B 0.7-1.0 mg/
kg body weight, or

e Liposomal amphotericin, 3—
5 mg/kg body weight, or

* Amphotericin B lipid
complex 5 mg/kg body
weight IV once daily (+
flucytosine)

* Fluconazole, 12 mg/kg body weight on
day 1 and then 6-12 mg/kg body weight
(maximum 600 mg) IV or by mouth once
daily

Indication First Choice Alternative Comments/Special Issues

Treatment, | Consolidation Therapy If Amphotericin B-Based Therapy Not Liposomal amphotericin and

continued (Followed by Secondary Tolerated: amphotericin B lipid complex are
Prophylaxis): « Fluconazole, 12 mg/kg body weight on especially useful for children with renal

insufficiency or infusion-related toxicity
to amphotericin B deoxycholate.

Liposomal amphotericin and
amphotericin B lipid complex are
significantly more expensive than

amphotericin B deoxycholate.

Liquid preparation of itraconazole (if
tolerated) is preferable to tablet
formulation because of better
bioavailability, but it is more expensive.
Bioavailability of the solution is better
than the capsule, but there were no
upfront differences in dosing range
based on preparation used. Ultimate
dosing adjustments should be guided by
itraconazole levels.

Serum itraconazole concentrations
should be monitored to optimize drug
dosing.

Amphotericin B may increase toxicity of
flucytosine by increasing cellular uptake,
or impair its renal excretion, or both.

Flucytosine dose should be adjusted to
keep 2-hour post-dose drug levels at
40-60 pg/mL

Oral acetazolamide should not be used
for reduction of ICP in cryptococcal
meningitis.

Corticosteroids and mannitol have been
shown to be ineffective in managing ICP
in adults with cryptococcal meningitis.

Secondary prophylaxis is recommended
following completion of initial therapy
(induction plus consolidation)—drugs
and dosing listed above.

@ Secondary prophylaxis is also referred to as maintenance therapy or suppressive therapy.
b Duration of therapy for non-CNS disease depends on site and severity of infection and clinical response

Key to Acronyms: cART = combination antiretroviral therapy; CNS = central nervous system; CSF = cerebrospinal fluid;
ICP = intracranial pressure; IV = intravenous
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Cryptosporidiosis (Last updated August 29, 2019; last reviewed August 29, 2019)

Panel’s Recommendations

I. In children with HIV infection, what are the best interventions (compared with no intervention) to prevent episodes of
cryptosporidiosis?

+ Cryptosporidiosis can be prevented by practicing good hygiene (e.g., frequent handwashing), avoiding drinking water that might be
contaminated, avoiding high-risk swimming exposures (e.g., drinking swimming water, especially in pools and water playgrounds
frequented by very young children), and not eating food that might be contaminated (expert opinion).

+ Children with HIV infection should avoid contact with pre-weaned bovine calves, lambs, goat kids, ill animals, young dogs and cats, stray
animals, and animal or human feces or any feces-contaminated surfaces (expert opinion).

* In children with HIV infection, combination antiretroviral therapy (ART) to reverse or prevent severe immunodeficiency is the primary
mode of prevention of severe enteric cryptosporidiosis (strong, low).

II. In children with HIV infection, what are the best interventions (compared with no intervention) to treat cryptosporidiosis?

+ Effective ART is the primary initial treatment for cryptosporidiosis in children (strong, moderate).

+ Nitazoxanide, in addition to ART, can be considered to treat cryptosporidiosis in children with HIV infection (strong, moderate).

+ Dehydration and electrolyte abnormalities should be corrected, and nutritional support should be provided as appropriate (expert
opinion).

Rating System

Strength of Recommendation: Strong; Weak
Quality of Evidence: High; Moderate; Low; or Very Low

Epidemiology

Cryptosporidium spp. are protozoan parasites that primarily cause enteric illness (i.e., diarrhea) in humans
and animals. Cryptosporidium spp. are distributed worldwide, and some species lack strict host specificity.
The two species that infect humans most frequently are Cryptosporidium hominis and Cryptosporidium
parvum. In addition, infections caused by Cryptosporidium meleagridis, Cryptosporidium felis, and
Cryptosporidium canis have been reported in people with HIV infection. Among adults with HIV
infection, risk of morbidity associated with Cryptosporidium infection is greatest in those with advanced
immunosuppression, typically CD4 T lymphocyte (CD4) cell counts <100/mm?®.!* Cryptosporidium
primarily infects the distal small intestine and colon, but in immunocompromised hosts, extraintestinal
involvement has been documented.

Infection occurs after ingestion of infectious oocysts that were excreted in the feces of infected animals and
humans. The parasite is highly infectious, with an ID5q (median dose that will infect 50% of those exposed to
the parasite) ranging from 9 to 1,042 oocysts for C. parvum,* and 10 to 83 oocysts for C. hominis.> Infection
occurs when the ingested oocysts release sporozoites, which attach to and invade the intestinal epithelial
cells. The parasite preferentially infects the ileum and colon.

Contact with infected persons (particularly children in diapers or in child care settings) or infected animals
(particularly pre-weaned calves) is an important cryptosporidiosis risk factor.!" Cryptosporidium oocysts
can contaminate recreational water sources (such as swimming pools, water parks, and lakes) and drinking
water supplies and cause infection when contaminated water is ingested. Oocysts are environmentally hardy
and extremely chlorine tolerant. They can persist for days in swimming pools despite standard chlorination,
and typical pool filtration systems do not efficiently remove oocysts. Multi-step treatment processes can

be used to remove (i.e., flocculation and filtration) and inactivate (e.g., ultraviolet treatment) oocysts to
protect public drinking water supplies and recreational water. Foodborne transmission, particularly involving
unpasteurized apple cider, raw milk, and ill food handlers, has been documented. International travelers who
drink the water in countries with less stringent drinking water treatment standards than the United States may
might be at risk for Cryptosporidium infection.
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In a serosurvey of multiple U.S. cities, 21.3% of children aged <10 years and 21.5% of those aged 11 to 20
years had detectable response to Cryptosporidium antigen.'>? Among immunocompetent pediatric patients
with diarrhea in Oklahoma, 38% of those aged 5 to 13 years and 58% of those aged 14 to 21 years were
seropositive for Cryptosporidium antibodies, compared with >80% of children aged 6 months to 13 years
who resided near the U.S.—Mexican border and were seeking well-child care.'*!* The incidence of reported
cryptosporidiosis in the United States has dramatically increased since 2004, peaking at 4 cases per 100,000
people in 2007." National cryptosporidiosis data from 1995 to 2012 demonstrated that there was a clear
increase in cases reported during the period from 2005 to 2008, which persisted during the period from 2009
to 2012. Across all time periods, the highest rates were in children from birth to age 14 years, and cases were
most frequently reported in children aged 1 to 4 years.!® However, compared with earlier years, the rates in
children decreased from 2009 through 2012."7

Transmission of Cryptosporidium occurs throughout the United States, with increased reporting in
Midwestern states.!>!® However, cryptosporidiosis is a highly underdiagnosed and underreported diarrheal
illness. Infected patients can be asymptomatic, those with symptoms might not seek health care, health care
providers might not request laboratory diagnostics when evaluating non-bloody diarrhea, requested ova and
parasite testing might not include Cryptosporidium testing, and positive laboratory results are not always
reported to public health officials.'

Before effective antiretroviral therapy (ART) became available, most patients with HIV diagnosed with
cryptosporidiosis had advanced disease or AIDS. The incidence of cryptosporidiosis in people with HIV has
declined dramatically since the introduction of ART.'®* During the pre-ART era, the rate of cryptosporidiosis
was 0.6 cases per 100 patient-years in children followed in 13 Pediatric AIDS Clinical Trial Group

(PACTG) trials (median age of 5.9 years and median CD4 count of 51/mm?).?! Data from the Perinatal AIDS
Collaborative Transmission Study indicate that the rate of chronic intestinal cryptosporidiosis decreased from
0.2 cases per 100 person-years in the pre-ART era to 0.0 cases per 100 person-years in the post-ART era.*?
PACTG data estimated that the mortality rate in children with HIV infection significantly decreased from

7.2 to 0.8 per 100 person-years between 1994 and 2000 and subsequently stabilized through 2006.% The
proportion of deaths due to all opportunistic infections decreased between 1994 and 2006, with declines most
notable in deaths associated with Cryptosporidium and Mycobacterium avium complex (MAC). A recent
prospective, comparative cross-sectional study of ART-treated versus ART-naive pediatric patients with HIV
infection in Ethiopia found that Cryptosporidium infections were found only in ART-naive patients with low
CD4 counts.?

Clinical Manifestations

Symptoms of cryptosporidiosis develop after an incubation period of approximately 1 week (range, 2 to

14 days). Diarrhea—which can be profuse, usually non-bloody, and watery—and weight loss, abdominal
pain, anorexia, fatigue, joint pain, headache, fever, and vomiting have been reported in immunocompetent
children and adults with Cryptosporidium infection.?> In immunocompetent hosts, illness is self-limiting,
and symptoms most often completely resolve within 2 to 3 weeks. Recurrence of symptoms after apparent
resolution often has been reported. Cryptosporidium infection in children can have a significant impact on
nutritional status and growth. A comparison of growth parameters in children with and without C. parvum
infection in Peru showed that C. parvum infection has a lasting adverse effect on linear (height) growth,
especially when acquired during infancy.?® In a cohort of 405 schoolchildren aged 6 to 13 years in Mexico,
children with cryptosporidiosis were 2.7 times more likely to be at risk of undernutrition by weight-for-age z
score and 2.9 times more likely to be at risk of undernutrition by height-for-age z score than children without
Cryptosporidium infection.”’

Clinical presentation of cryptosporidiosis in patients with HIV infection varies with level of
immunosuppression, ranging from no symptoms or transient disease to relapsing, chronic diarrhea or cholera-
like diarrhea, which can lead to life-threatening wasting and malabsorption.?® In immunocompromised
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children, chronic severe diarrhea can result in malnutrition, failure to thrive, and substantial intestinal fluid
losses, resulting in severe dehydration and even death.

Difterent Cryptosporidium spp. and genotypes have been associated with different clinical manifestations.
C. hominis was associated with vomiting in children without HIV in one study and in children and adults
with HIV in a different study, whereas C. parvum infection was associated with vomiting in another

study in adults with HIV.?-3! Neither clinical history nor physical examination allows differentiation of
cryptosporidial disease from that caused by other pathogens.

Biliary tract disease due to cryptosporidial infection is associated with CD4 counts <50/mm?.*> Symptoms
and signs include fever, right upper abdominal pain, nausea, vomiting, and elevated alkaline phosphatase.
Diagnostic studies show dilatation of the common bile duct, thickening of the gall bladder wall, and
pericholecystic fluid collection. Pancreatitis is rare. Although cryptosporidial infection usually is limited
to the gastrointestinal (GI) tract, respiratory disease has been reported in which no pathogen other than
Cryptosporidium was detected in sputum.*3*

Diagnosis
Health care providers should specifically request Cryptosporidium testing because standard ova and parasite

testing may not include Cryptosporidium spp. Though not extensively evaluated in children with HIV,
diagnostic tests for Cryptosporidium are expected to perform similarly as in children without HIV.

Monoclonal antibody-based direct fluorescent assays and antigen-detection assays (such as enzyme-linked
immunosorbent assay [EIA]) can be used to diagnose cryptosporidiosis because of their enhanced sensitivity
and specificity as compared with microscopy.®>-*® Oocyst excretion can be intermittent; therefore, the
parasite might not be detected in every stool, and stool specimens collected on 3 consecutive days should be
examined before considering test results to be negative.* Some immunochromatography assays have been
shown to have poor sensitivity and specificity.** With rapid test methods, confirmation by microscopy should
be considered.

Commercially available multiplex molecular test panels for GI pathogens that include Cryptosporidium are
now available. When compared with microscopy, the sensitivity for detection of parasitic pathogens was
91.7% for Cryptosporidium.*' In a multicenter evaluation at four geographically distinct clinical sites across
the United States, the panel demonstrated a sensitivity of 97.1% and specificity of 98.4% when compared
with conventional PCR.** This methodology is becoming the new standard of care as it becomes more widely
available.

Molecular characterization tools are being increasingly used to differentiate Cryptosporidium species in
outbreak investigations and infection/contamination source tracking. Cryptosporidium isolates cannot be
reliably genotyped or subtyped if stool is preserved in formalin, sodium acetate-acetic acid-formalin (SAF),
or low-viscosity polyvinyl alcohol (LV-PVA).

Prevention Recommendations

Preventing Exposure

Caregivers and children with HIV infection should be educated and counseled about the different ways
Cryptosporidium can be transmitted. Modes of transmission include having direct contact with fecal material
from individuals with Cryptosporidium infection (particularly children’s diapers) and from infected young
animals, swallowing or drinking contaminated water, including during recreational activities, and eating
contaminated food. Maternal infection with Cryptosporidium has been associated with infection in young
infants demonstrating the importance of caregiver hygiene.*

Hand washing is probably the most important step to reduce the risk of Cryptosporidium infection. Children
with HIV infection should always wash their hands before preparing or eating food; after using the toilet;
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after contact with children in diapers; after contact with clothing, bedding, toilets, or diapers soiled by
anyone who has diarrhea; after touching pets or other animals; and after touching anything that might have
come in contact with even the smallest amounts of human or animal feces (such as sand in a sandbox).

Children with HIV infection should avoid contact with pre-weaned bovine calves, other young animals
(particularly dogs and cats aged <6 months and lambs and goat kids), ill animals, stray animals, and stool
from any animals or humans or surfaces known to be contaminated with animal or human feces.!' Children
with HIV infection should avoid petting zoos and animal areas at farms and camps. However, if a child with
HIV does visit an animal habitat, an immunocompetent caregiver should clean the child’s shoes and any
other surfaces possibly contaminated by feces (such as clothes and stroller wheels).

Children with HIV infection should avoid drinking water directly from ponds, streams, springs, lakes, or
rivers, or swallowing water they swim or play in regardless of whether it is chlorinated. Caregivers and
children with HIV infection should be aware that recreational water—including lakes, rivers, salt-water
beaches, swimming pools, waterparks, hot tubs, spas, water playgrounds, and ornamental water fountains
might be contaminated with human or animal feces that contain Cryptosporidium.

Some outbreaks of cryptosporidiosis have been linked to ingestion of water from contaminated municipal
water supplies; the incidence of these outbreaks has dramatically decreased since the mid-1990s because of
improved water treatment targeting the inactivation and removal of Cryptosporidium. To decrease the risk of
cryptosporidiosis during outbreaks or when otherwise advised by local public health officials to boil water,
heat water used for preparing infant formula, drinking, making ice, etc. at a rolling boil for 1 minute. After the
boiled water cools, put it in a clean bottle or pitcher with a lid and store it in the refrigerator. Water bottles and
ice trays should be cleaned with soap and water before each use. Do not touch the inside of these containers
after cleaning. Information on filtering tap water and home water distillers can be found on the Centers for
Disease Control and Prevention (CDC) website at Prevention & Control: Immunocompromised Persons.

Nationally distributed brands of bottled or canned carbonated soft drinks are generally safe to drink.
Commercially packaged, non-carbonated soft drinks and fruit juices that do not require refrigeration until
after they are opened (i.e., those that can be stored unrefrigerated on grocery shelves) also are generally 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 refrigerated from the time they are processed
to the time of consumption are either fresh (i.e., unpasteurized) or heat-treated (i.e., pasteurized); only juices
labeled as pasteurized should be considered free of risk from Cryptosporidium. Other pasteurized beverages,
such as milk, also are considered safe to drink.

All vegetables or fruit to be eaten uncooked should be thoroughly washed. If extra steps are required to

make water safe, this safe water should be used to wash fruits and vegetables. When possible, fruit to be
eaten raw should be peeled after washing. Unpasteurized dairy products, including raw milk, should not be
consumed. Because cooking food kills Cryptosporidium, cooked food and heat-processed foods are generally
safe if, after cooking or processing, they are not handled by someone infected with the parasite or exposed to
contaminated water.

When traveling internationally, particularly in low-resource settings, people with HIV infection should be
warned to avoid drinking tap water and also to not to use it to brush teeth. Ingesting ice made from tap water,
raw fruits, and raw vegetables should also be avoided. Steaming-hot foods, self-peeled fruits, bottled and
canned processed drinks, and hot coffee or hot tea are generally safe.

In hospitals, standard precautions are recommended. However, if the patient is diapered or incontinent, contact
precautions should be used for the duration of illness. In addition, contact precautions may be used to control
institutional outbreaks of cryptosporidiosis. Some experts recommend that severely immunocompromised
patients with HIV not share a room with a patient with cryptosporidiosis because of the potential for fomite
transmission. The potential for respiratory transmission of Cryptosporidium has been suggested.** However,
no specific modifications to current prevention recommendations have been suggested.
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Adolescents with HIV infection who are sexually active should be counseled about avoiding sexual practices
that could result in oral exposure to feces (such as oral-anal contact). To reduce the risk of exposure to feces,
adolescents should use dental dams or similar barrier methods for oral-anal and oral-genital contact, wear
latex gloves during digital-anal contact, and change condoms after anal intercourse. Frequent washing of
hands and genitals with warm, soapy water during and after sexual activities that could bring these body
parts in contact with feces might further reduce the risk of Cryptosporidium infection.

Additional information on prevention can be found on CDC’s website at Prevention & Control:
Immunocompromised Persons.

Preventing Disease

Because chronic Cryprosporidium infection occurs most often in patients with HIV with advanced
immunodeficiency, ART to prevent or reverse severe immune deficiency is a primary modality for prevention
of Cryptosporidium-associated disease in children with HIV infection.

Discontinuing Primary Prophylaxis
Not applicable.

Treatment Recommendations

Treating Disease

Immune reconstitution resulting from ART often results in clearance of Cryptosporidium infection. Effective
ART is the primary initial treatment for these infections in children and adults with HIV infection who are
not already receiving ART.!*** [n vitro and observational studies, some of which are case series, suggest
that ART containing a protease inhibitor (PI) might be preferable to other ART regimens because of a direct
effect of the PI on the parasite.*->* Pls also increase production of interferon-gamma, which in turn inhibits
Cryptosporidium infection. Supportive care with hydration, correction of electrolyte abnormalities, and
nutritional supplementation should be provided. Antimotility agents to combat malabsorption of nutrients
and drugs should be used with caution.

Other than ART, there is no consistently effective therapy to treat cryptosporidiosis in patients with HIV
infection.>*> Multiple agents have been investigated in small randomized controlled clinical trials in adults
with HIV, including nitazoxanide, paromomycin, spiramycin, bovine hyperimmune colostrum, and bovine
dialyzable leukocyte extract.’® Azithromycin and roxithromycin have also been investigated in small open-
label studies.’” No pharmacologic or immunologic therapy directed specifically against Cryptosporidium
has yet been shown consistently effective and durable when used alone without concomitant ART.**** The
duration of treatment in patients with HIV is also uncertain.

While no agent has consistent, proven efficacy for treating cryptosporidiosis in immunocompromised
patients, including patients with HIV, nitazoxanide has been shown to reduce the load of parasites and was
associated with clinical improvement in some studies in populations with and without HIV infection.?®

An Egyptian clinical trial in 100 adults and children without HIV infection randomized patients to a 3-day
course of nitazoxanide or placebo.” Nitazoxanide therapy reduced the duration of both diarrhea and oocyst
shedding; in children, clinical response was 88% with nitazoxanide and 38% with placebo. No severe adverse
events were reported, and adverse events that were reported were similar in the treatment and placebo groups
in this study. A study in Zambia in 100 malnourished children (half of whom had HIV) aged 12 to 35 months
reported a clinical response in 56% of children without HIV treated with nitazoxanide and in 23% of those
receiving placebo.® However, in the children with HIV infection, no benefit from nitazoxanide was observed
(clinical response in 8% treated with nitazoxanide and in 25% receiving placebo). In a subsequent study of
60 children with HIV with cryptosporidiosis, the same investigators reported no significant benefit using
twice the recommended dose administered for 28 days.®' It should be noted that the children in the Zambian
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studies were not receiving ART. In a study in adults with HIV not receiving ART who had CD4 counts >50
cells/mm?, the administration of 14 days of nitazoxanide resulted in a parasitological cure rate of 71% (10 of
14 patients) at a dose of 500 mg twice daily and 90% (9 of 10 patients) at a dose of 1,000 mg twice daily as
compared with 20% among placebo recipients.®” In a cohort of 365 HIV-positive patients aged >3 years with
Cryptosporidium infection who received nitazoxanide as part of a compassionate use program in the United
States, sustained clinical response while on treatment was achieved in 59% of the patients. Clinical response
was associated with negative stools (P < 0.0001). In this cohort, nitazoxanide was found to be safe at higher
doses (up to 3,000 mg/day) and for long durations of treatment.®

Given the seriousness of this infection in immunocompromised individuals and the potential benefit
suggested in some studies, use of nitazoxanide should be considered in immunocompromised children

with HIV infection (in conjunction with ART for immune restoration).>**> Given that ART might directly
inhibit the parasite, it is possible that the combination of ART and parasitic therapy might be synergistic.
Nitazoxanide is approved in the United States to treat diarrhea caused by Cryptosporidium and Giardia
lamblia in immunocompetent children aged >1 year and is available in liquid and tablet formulations. The
recommended dose for children is 100 mg twice daily for children aged 1 to 3 years and 200 mg twice daily
for children aged 4 to 11 years. A tablet preparation (500 mg twice daily) is available for children aged >12
years. Nitazoxanide should be administered with food.

Paromomycin, a non-absorbable aminoglycoside indicated for the treatment of intestinal amoebiasis, is

not approved for treatment of cryptosporidiosis. Two small, randomized trials evaluating the efficacy

of paromomycin for treatment of patients with HIV infection found clinical improvement or reduced
oocyst excretion in those treated with paromomycin.**% However, other reports of paromomycin

treatment in patients with HI'V infection found repeated failure to cure.®® Therefore, data do not support a
recommendation for use of paromomycin for cryptosporidiosis. Clinical or parasitological cure has been
documented with use of paromomycin and azithromycin in combination in case series of patients with HIV
with cryptosporidial diarrhea and case reports of patients with HIV with pulmonary cryptosporidiosis.®’*

Monitoring and Adverse Events, Including IRIS

Patients should be closely monitored for signs and symptoms of volume depletion, electrolyte imbalance,
malnutrition, and weight loss. In severely ill patients, total parenteral nutrition might be indicated. One case
report describes immune reconstitution inflammatory syndrome, specifically terminal ileitis, in association
with treatment of cryptosporidiosis.”

In general, nitazoxanide is well tolerated and side effects are mild, transient, and generally limited to the GI
tract.

Managing Treatment Failure

The most important steps for managing treatment failure are optimizing ART to increase CD4 counts and
providing supportive treatment.

Preventing Recurrence

No pharmacologic interventions, other than ART to prevent or reverse severe immune deficiency, are known
to be effective in preventing recurrence of cryptosporidiosis. Good hygiene, including frequent handwashing,
and avoiding potentially contaminated water and food and high-risk environmental contact can help prevent
reinfection.

Discontinuing Secondary Prophylaxis
Not applicable.
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Recommendations

I.

II.

In children with HIV infection, what are the best interventions (compared with no intervention) to
prevent episodes of cryptosporidiosis?

Cryptosporidiosis can be prevented by practicing good hygiene (e.g., frequent handwashing), avoiding
drinking water that might be contaminated, avoiding high risk swimming exposures (e.g., drinking
swimming water, especially in pools and water playgrounds frequented by very young children), and not
eating food that might be contaminated (expert opinion).

Children with HIV infection should avoid contact with pre-weaned bovine calves, lambs, goat kids, ill
animals, young dogs and cats, stray animals, and stool from any animals or humans or surfaces known to
be contaminated with human or animal feces (expert opinion).

ART for children with HIV infection to reverse or prevent severe immunodeficiency is the primary mode
of prevention of severe enteric cryptosporidiosis (strong, low).

A prospective, comparative cross-sectional study of ART-treated versus ART-naive pediatric patients with
HIV infection in Ethiopia found that Cryptosporidium infections were found only in ART-naive patients
with low CD4 counts.* A retrospective/prospective cohort study in adults with HIV infection in South
Ethiopia demonstrated that patients who initiated ART with a CD4 count of <500/mm?* and received
health interventions including provision of household water treatment, safe water storage, soap, and anti-
helminthic drugs had decreased rate of cryptosporidiosis, even among patients with CD4 counts <200
cells/ mm3."!

In children with HIV infection, what are the best interventions (compared with no intervention) to
treat cryptosporidiosis?

Treatment with ART is the best intervention in children with HIV infection and cryptosporidiosis
(strong, moderate).

Immune reconstitution resulting from ART often results in clearance of Cryptosporidium infection, and
ART is the primary initial treatment for these infections in children with HIV infection who are not
already receiving ART.!%-2444

Nitazoxanide, in addition to ART, can be considered for cryptosporidiosis in children with HIV (strong,
moderate).

A clinical trial comparing nitazoxanide versus placebo in children without HIV infection demonstrated
that resolution of diarrhea and parasitologic cure were significantly higher in children treated with
nitazoxanide.® In a prospective cohort of patients with HIV infection with cryptosporidiosis treated
with nitazoxanide, sustained clinical response was achieved in 59% of patients, and 57% of patients

had Cryptosporidium-negative stool before completing the study.> However, a study of malnourished
Zambian children demonstrated no benefit from nitazoxanide among children with HIV (clinical
response in 8% treated with nitazoxanide and in 25% receiving placebo) but did show benefit when both
children with and without HIV infection were included.®

Dehydration and electrolyte abnormalities should be corrected, and nutritional support should be
provided as appropriate (expert opinion).

There are no studies that address this specific management issue in cryptosporidiosis. However,
recognition and management of hydration status, electrolyte imbalance, and nutritional needs are key to
management of infectious diarrhea.

Guidelines for the Prevention and Treatment of Opportunistic Infections In HIV-Exposed and HIV-Infected Children H-7



References

1.

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

Flanigan T, Whalen C, Turner J, et al. Cryptosporidium infection and CD4 counts. Ann Intern Med. 1992;116(10):840-
842. Available at: http://www.ncbi.nlm.nih.gov/pubmed/1348918.

Sorvillo F, Beall G, Turner PA, et al. Seasonality and factors associated with cryptosporidiosis among individuals with
HIV infection. Epidemiol Infect. 1998;121(1):197-204. Available at: http://www.ncbi.nlm.nih.gov/pubmed/9747773.

Inungu JN, Morse AA, Gordon C. Risk factors, seasonality, and trends of cryptosporidiosis among patients infected
with human immunodeficiency virus. Am J Trop Med Hyg. 2000;62(3):384-387. Available at: http://www.ncbi.nlm.nih.
gov/pubmed/11037782.

Okhuysen PC, Chappell CL, Crabb JH, Sterling CR, DuPont HL. Virulence of three distinct Cryptosporidium
parvum isolates for healthy adults. J Infect Dis. 1999;180(4):1275-1281. Available at: http://www.ncbi.nlm.nih.gov/
pubmed/10479158.

Chappell CL, Okhuysen PC, Langer-Curry R, et al. Cryptosporidium hominis: experimental challenge of healthy adults.
Am J Trop Med Hyg. 2006;75(5):851-857. Available at: http://www.ncbi.nlm.nih.gov/pubmed/17123976.

Heijbel H, Slaine K, Seigel B, et al. Outbreak of diarrhea in a day care center with spread to household members:
the role of Cryptosporidium. Pediatr Infect Dis J. 1987;6(6):532-535. Available at: http://www.ncbi.nlm.nih.gov/

pubmed/3615068.

O’Connor R M, Shaffie R, Kang G, Ward HD. Cryptosporidiosis in patients with HIV/AIDS. AIDS. 2011;25(5):549-
560. Available at: http://www.ncbi.nlm.nih.gov/pubmed/21160413.
Roy SL, DeLong SM, Stenzel SA, et al. Risk factors for sporadic cryptosporidiosis among immunocompetent persons

in the United States from 1999 to 2001. J Clin Microbiol. 2004;42(7):2944-2951. Available at: https://www.ncbi.nlm.
nih.gov/pubmed/15243043.

Wang L, Zhang H, Zhao X, et al. Zoonotic Cryptosporidium species and Enterocytozoon bieneusi genotypes in HIV-
positive patients on antiretroviral therapy. J Clin Microbiol. 2013;51(2):557-563. Available at: https:/www.ncbi.nlm.
nih.gov/pubmed/23224097.

Wanyiri JW, Kanyi H, Maina S, et al. Cryptosporidiosis in HIV/AIDS patients in Kenya: clinical features,
epidemiology, molecular characterization and antibody responses. Am J Trop Med Hyg. 2014;91(2):319-328. Available

at: https://www.ncbi.nlm.nih.gov/pubmed/24865675.

Jacob J, Lorber B. Diseases transmitted by man’s best friend: the dog. Microbiol Spectr. 2015;3(4). Available at: https://
www.ncbi.nlm.nih.gov/pubmed/26350317.
Frost FJ, Muller TB, Calderon RL, Craun GF. Analysis of serological responses to Cryptosporidium antigen

among NHANES III participants. Ann Epidemiol. 2004;14(7):473-478. Available at: http://www.ncbi.nlm.nih.gov/
pubmed/15310525.

Kuhls TL, Mosier DA, Crawford DL, Griffis J. Seroprevalence of cryptosporidial antibodies during infancy, childhood,
and adolescence. Clin Infect Dis. 1994;18(5):731-735. Available at: http://www.ncbi.nlm.nih.gov/pubmed/8075261.

Leach CT, Koo FC, Kuhls TL, Hilsenbeck SG, Jenson HB. Prevalence of Cryptosporidium parvum infection in children
along the Texas-Mexico border and associated risk factors. Am J Trop Med Hyg. 2000;62(5):656-661. Available at:

http://www.ncbi.nlm.nih.gov/pubmed/11289680.

Painter JE, Hlavsa MC, Collier SA, et al. Cryptosporidiosis surveillance -- United States, 2011-2012. MMWR Suppl.
2015;64(3):1-14. Available at: https://www.ncbi.nlm.nih.gov/pubmed/25928581.

Yoder JS, Beach MJ. Cryptosporidium surveillance and risk factors in the United States. Exp Parasitol. 2010;124(1):31-
39. Available at: http://www.ncbi.nlm.nih.gov/pubmed/19786022.
Painter JE, Gargano JW, Yoder JS, Collier SA, Hlavsa MC. Evolving epidemiology of reported cryptosporidiosis cases

in the United States, 1995-2012. Epidemiol Infect. 2016;144(8):1792-1802. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/27125575.

Huang DB, White AC. An updated review on Cryptosporidium and Giardia. Gastroenterol Clin North Am.
2006;35(2):291-314, viii. Available at: http://www.ncbi.nlm.nih.gov/pubmed/16880067.

Chen XM, Keithly JS, Paya CV, LaRusso NF. Cryptosporidiosis. N Engl J Med. 2002;346(22):1723-1731. Available at:

Guidelines for the Prevention and Treatment of Opportunistic Infections In HIV-Exposed and HIV-Infected Children H-8



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Guidelines for the Prevention and Treatment of Opportunistic Infections In HIV-Exposed and HIV-Infected Children

http://www.ncbi.nlm.nih.gov/pubmed/12037153.

Buchacz K, Baker RK, Palella FJ, Jr., et al. AIDS-defining opportunistic illnesses in US patients, 1994-2007: a cohort
study. AIDS. 2010;24(10):1549-1559. Available at: http://www.ncbi.nlm.nih.gov/pubmed/20502317.

Dankner WM, Lindsey JC, Levin MJ, Pediatric ACTGPT. Correlates of opportunistic infections in children infected
with the human immunodeficiency virus managed before highly active antiretroviral therapy. Pediatr Infect Dis J.
2001;20(1):40-48. Available at: http://www.ncbi.nlm.nih.gov/pubmed/11176565.

Nesheim SR, Kapogiannis BG, Soe MM, et al. Trends in opportunistic infections in the pre- and post-highly active
antiretroviral therapy eras among HIV-infected children in the Perinatal AIDS Collaborative Transmission Study, 1986-
2004. Pediatrics. 2007;120(1):100-109. Available at: http://www.ncbi.nlm.nih.gov/pubmed/17606567.

Brady MT, Oleske JM, Williams PL, et al. Declines in mortality rates and changes in causes of death in HIV-1-infected
children during the HAART era. J Acquir Immune Defic Syndr. 2010;53(1):86-94. Available at: http://www.ncbi.nlm.
nih.gov/pubmed/20035164.

Mengist HM, Taye B, Tsegaye A. Intestinal parasitosis in relation to CD4+T cells levels and anemia among HAART
initiated and HAART naive pediatric HIV patients in a Model ART center in Addis Ababa, Ethiopia. PLoS One.
2015;10(2):e0117715. Available at: https://www.ncbi.nlm.nih.gov/pubmed/25658626.

Hunter PR, Hughes S, Woodhouse S, et al. Health sequelae of human cryptosporidiosis in immunocompetent patients.
Clin Infect Dis. 2004;39(4):504-510. Available at: http://www.ncbi.nlm.nih.gov/pubmed/15356813.

Checkley W, Epstein LD, Gilman RH, Black RE, Cabrera L, Sterling CR. Effects of Cryptosporidium parvum infection
in Peruvian children: growth faltering and subsequent catch-up growth. Am J Epidemiol. 1998;148(5):497-506.
Auvailable at: https://www.ncbi.nlm.nih.gov/pubmed/9737562.

Quihui-Cota L, Lugo-Flores CM, Ponce-Martinez JA, Morales-Figueroa GG. Cryptosporidiosis: a neglected infection
and its association with nutritional status in schoolchildren in northwestern Mexico. J Infect Dev Ctries. 2015;9(8):878-

883. Available at: https://www.ncbi.nlm.nih.gov/pubmed/26322881.

Hunter PR, Nichols G. Epidemiology and clinical features of Cryptosporidium infection in immunocompromised
patients. Clin Microbiol Rev. 2002;15(1):145-154. Available at: http://www.ncbi.nlm.nih.gov/pubmed/11781272.

Cama VA, Ross JM, Crawford S, et al. Differences in clinical manifestations among Cryptosporidium species and
subtypes in HIV-infected persons. J Infect Dis. 2007;196(5):684-691. Available at: http://www.ncbi.nlm.nih.gov/
pubmed/17674309.

Cama VA, Bern C, Roberts J, et al. Cryptosporidium species and subtypes and clinical manifestations in children, Peru.
Emerg Infect Dis. 2008;14(10):1567-1574. Available at: http://www.ncbi.nlm.nih.gov/pubmed/18826821.

Adamu H, Petros B, Zhang G, et al. Distribution and clinical manifestations of Cryptosporidium species and subtypes
in HIV/AIDS patients in Ethiopia. PLoS Negl Trop Dis. 2014;8(4):e2831. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/24743521.

Vakil NB, Schwartz SM, Buggy BP, et al. Biliary cryptosporidiosis in HIV-infected people after the waterborne
outbreak of cryptosporidiosis in Milwaukee. N Engl J Med. 1996;334(1):19-23. Available at: http://www.ncbi.nlm.nih.
gov/pubmed/7494565.

Clavel A, Arnal AC, Sanchez EC, et al. Respiratory cryptosporidiosis: case series and review of the literature. Infection.
1996;24(5):341-346. Available at: http://www.ncbi.nlm.nih.gov/pubmed/8923043.

Mor SM, Tumwine JK, Ndeezi G, et al. Respiratory cryptosporidiosis in HIV-seronegative children in Uganda: potential
for respiratory transmission. Clin Infect Dis. 2010;50(10):1366-1372. Available at: http://www.ncbi.nlm.nih.gov/
pubmed/20377408.

Weber R, Bryan RT, Bishop HS, Wahlquist SP, Sullivan JJ, Juranek DD. Threshold of detection of Cryptosporidium
oocysts in human stool specimens: evidence for low sensitivity of current diagnostic methods. J Clin Microbiol.
1991;29(7):1323-1327. Available at: http://www.ncbi.nlm.nih.gov/pubmed/1715881.

Arrowood MJ, Sterling CR. Comparison of conventional staining methods and monoclonal antibody-based methods for
Cryptosporidium oocyst detection. J Clin Microbiol. 1989;27(7):1490-1495. Available at: http://www.ncbi.nlm.nih.gov/

pubmed/2475523.

Garcia LS, Shimizu RY. Evaluation of nine immunoassay kits (enzyme immunoassay and direct fluorescence)

H-9



Cytomegalovirus (Last updated November 6, 2013; last reviewed November 6, 2013)

Panel’s Recommendations

» (Cytomegalovirus (CMV) antibody testing is recommended at age 1 year and then annually for CMV-seronegative, HIV-infected infants
and children who are immunosuppressed (i.e., CD4 T-lymphocyte (CD4) cell count <100 cells/mm? or CD4 percentage <10%) (BII).

« HIV-infected children aged <5 years who are CMV-infected and severely immunosuppressed (i.e., CD4 cell count <50 cells/mm? or
CD4 percentage <5%) should have a dilated retinal examination performed by an ophthalmologist every 6 months (Alll).

« CMV end-organ disease is best prevented by antiretroviral therapy (ART) to maintain the CD4 cell count >100 cells/mm? in children
aged =6 years, or CD4 percentage >10% in children <6 years (BIll). Prophylaxis with valganciclovir can be considered for HIV-
infected children aged =6 years who are CMV-seropositive and have CD4 cell counts <50 cells/mm? and for HIV-infected children
aged <6 years who are CMV-seropositive and have a CD4 percentage <5% (CIII). Cessation of primary prophylaxis can be
considered when the CD4 cell count is >100 cells/mm? for children =6 years of age, or >10% in children <6 years (CllI).

 Intravenous (IV) ganciclovir therapy (6 mg/kg/dose administered every 12 hours) for 6 weeks can be considered for HIV-exposed
or HIV-infected infants who have symptomatic congenital CMV disease involving the central nervous system (CNS) (BI).

» For HIV-infected infants and children, IV ganciclovir is the drug of choice for initial treatment for acquired CMV disease, including
retinitis and other end-organ disseminated CMV disease (e.g., colitis, esophagitis, CNS disease) (Al*). Oral valganciclovir has not
been evaluated in HIV-infected children with CMV retinitis, but is an option primarily for older children who weigh enough to receive
the adult dose and formulation of valganciclovir (ClII). Transition from IV ganciclovir to valganciclovir oral solution can be
considered for younger patients who improve on 1V therapy (CIII).

» Foscarnet is an alternative drug for treating CMV disease or for use in ganciclovir-resistant CMV infections in HIV-infected children (AI*).

» Combination therapy with ganciclovir and foscarnet delays progression of retinitis in certain patients in whom monotherapy fails
and can be used as initial therapy in children with sight-threatening disease (BIII).

» Combination treatment with IV ganciclovir and foscarnet may be preferable as initial therapy to stabilize CMV neurologic disease
and maximize response (BII*).

¢ Many experts would initially treat early first relapse of retinitis with reinduction using the same drug, followed by reinstitution of
maintenance therapy (All*). If drug resistance is suspected, change to an alternative drug is reasonable (Alll). Combination IV
ganciclovir and foscarnet can be considered.

 After induction therapy, secondary prophylaxis (chronic maintenance therapy) is given for most forms of CMV disease until
immune reconstitution or, in absence of immune reconstitution, for the remainder of a patient’s life (Al*). Regimens recommended
for chronic suppression include IV ganciclovir, oral valganciclovir, IV foscarnet, combined IV ganciclovir and foscarnet, and
parenteral cidofovir (AI*).

» Chronic maintenance therapy is not routinely recommended for gastrointestinal disease but should be considered if relapses occur
(BII*). A role for maintenance therapy for CMV pneumonitis has not been established (CIII).

» Discontinuing secondary prophylaxis may be considered for children who are receiving ART and have a sustained (such as >6
months) increase in CD4 cell count, defined as an increase in CD4 percentage to >15% for children aged <6 years, or an increase in
CD4 cell count to >100 cells/mm? for children aged =6 years (CII).

¢ All patients with CMV ophthalmic disease in whom anti-CMV maintenance therapy has been discontinued should continue to
undergo regular ophthalmologic monitoring at 3- to 6-month intervals for early detection of CMV relapse and for immune
reconstitution uveitis (AIl*).

e Secondary prophylaxis should be reinstituted in HIV-infected children in whom it was discontinued because of immune
reconstitution when the CD4 percentage decreases to <15% in those aged <6 years and when the CD4 cell count decreases to <100
cells/mm? in those aged =6 years (BIII).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: | = One or more randomized trials in childrent with clinical outcomes and/or validated endpoints; |* = One or
more randomized trials in adults with clinical outcomes and/or validated laboratory endpoints with accompanying data in childrent
from one or more well-designed, nonrandomized trials or observational cohort studies with long-term clinical outcomes; Il = One or
more well-designed, nonrandomized trials or observational cohort studies in childrent with long-term outcomes; II* = One or more
well-designed, nonrandomized trials or observational studies in adults with long-term clinical outcomes with accompanying data in
children' from one or more similar nonrandomized trials or cohort studies with clinical outcome data; 11l = Expert opinion

T Studies that include children or children/adolescents, but not studies limited to post-pubertal adolescents
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Epidemiology

Infection with human cytomegalovirus (CMV) is common and usually not apparent; CMV can be acquired in
utero, or during infancy, early childhood, or adolescence. Transmission can occur vertically from an infected
woman to her offspring; horizontally by contact with virus-containing breast milk, saliva, urine, or sexual fluid;
through transfusion of infected blood; or transplantation of infected organs. During infancy and early
childhood, infection usually occurs secondary to ingestion of virions in breast milk of CMV-infected mothers
or from exposure to virus shed in saliva or urine. Infection occurs at younger ages in locations where sanitation
is less than optimal. Among adolescents, sexual transmission is the major mode of CMV acquisition.

Age-related prevalence of infection varies widely depending on living circumstances and social customs.
Breastfeeding, child-rearing practices, crowding, sanitation, and sexual behavior most likely influence age-
related variations in CMV prevalence. Where rates of maternal seropositivity are high and breastfeeding is
common, more than half of infants acquire CMV during the first year of life.! Group care of children
facilitates spread of CMV, especially in toddlers, and leads to higher prevalence of infection in children who
attend child care centers and in their caregivers.>® In Africa, Asia, and Latin America, most children are
infected with CMV before adolescence. In the United States and western Europe, the prevalence of antibody
to CMV in adults from middle and upper socioeconomic strata is 40% to 60%, whereas the prevalence in
low-income adults is >80%.* Overall, among U.S. women of childbearing age, the prevalence of CMV
infection is 50% to 80%, with the highest prevalence in women in lower socioeconomic strata.>® The
prevalence of CMV infection among HIV-infected pregnant women is higher than in the general population,
with approximately 90% of HIV-infected pregnant women coinfected with CMV.”#

CMV is the most common congenitally transmitted infection, with incidence estimates in live-born infants in
the United States ranging from 0.5% to 1.2%.° Congenital (in utero) CMV infection occurs most commonly
among infants born to women who have primary CMV infection during pregnancy. Following primary
infection during pregnancy, the rate of transmission to the fetus is approximately 30% to 40%.>!° In
comparison, the rate of congenital infection after non-primary maternal CMV infection is believed to be
significantly lower (range: 0.15%-1.0%).!""!3 More recent studies demonstrate that in utero transmission of
non-primary maternal infection can occur because of reactivation of infection in women infected before
pregnancy or reinfection with a different CMV strain in CMV-seropositive women. !4

CMYV also can be transmitted from mother to infant during the intrapartum or postpartum periods. Up to 57%
of infants whose mothers shed CMV at or around delivery become infected with CMV, and up to 53% of
children who are breastfed milk containing infectious virus can become CM V-infected. Symptomatic CMV
disease in the infant is much less common when CMYV is acquired intrapartum or through breastfeeding than
when acquired antenatally and occurs primarily in premature neonates. Long-term sequelae are rare in
premature infants who acquire CMV perinatally or postnatally.!'¢-2°

HIV-infected women with CMV infection have a higher rate of CMV shedding from the cervix than do
women who are HIV-uninfected (52%-59% and 14%-35%, respectively).?! The risk for mother-to-infant
transmission of CMV may be higher among infants born to women dually infected with CMV and HIV. In
one study of 440 infants born to HIV-infected U.S. women, the overall rate of in utero infection was 4.5%,%
higher than the <2% rate of in utero infection in the general U.S. population. In a more recent study of 367
U.S. infants born to HIV-infected mothers, a 3% prevalence of congenital CMV infection was reported
among HIV-uninfected infants born to HIV-infected mothers, suggesting that the rate of congenital CMV
infection is similar to or slightly higher than the prevalence of congenital CMV infection among HIV-
uninfected mothers.? In a study in France, the prevalence of congenital CMV infection among HIV-infected
infants was 10.3%, compared with 2.2% in HIV-uninfected infants born to HIV-positive mothers, and the
rate of in utero HIV transmission was higher among infants with congenital CMV infection compared with
infants without congenital CMV infection.?*

HIV-infected children appear to be at higher risk of CMV infection during early childhood than are HI'V-
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uninfected children.?? The rate of CMV acquisition in HIV-infected children appears to be particularly high
during the first 12 months of life but remains higher among HIV-infected than HIV-uninfected children
through age 4 years.

CMV disease occurs less frequently among HIV-infected children than HIV-infected adults, but still
contributed substantially to morbidity and mortality in the era before combination antiretroviral therapy
(cART). In the pre-antiretroviral era, CMV caused 8% to 10% of pediatric AIDS-defining illnesses.?® Data in
HIV-infected adults have shown a 75% to 80% decrease in the incidence of new cases of CMV end-organ
disease with the advent of cART, with an incidence now estimated to be <6 cases per 100 person-years.? In a
study of opportunistic infections in approximately 3,000 children followed in Pediatric AIDS Clinical Trials
Group studies during the pre-cART era, the frequency of CMYV retinitis was 0.5 cases per 100 child-years
and, of other CMV disease, 0.2 cases per 100 child-years.?” The rate varied significantly by CD4 T-
lymphocyte (CD4) cell percentage; the incidence of CMV retinitis was 1.1 cases per 100 child-years in
children with CD4 percentage <15%, compared with 0.1 case per 100 child-years in children with CD4
percentage >25%. In the same cohort during the cART era, the overall rate of CMV retinitis was <0.5 per
100 child-years.?® In the Perinatal AIDS Collaborative Transmission Study, the incidence of nonocular CMV
before and after January 1997 (pre- and post-cART eras) was 1.4 per 100 child-years and 0.1 per 100 child-
years, respectively.?’ Similarly, CMV retinitis declined from 0.7 to 0.0 per 100 child-years.

Symptomatic HIV-infected children coinfected with CMV have a higher rate of CMV viruria than do
asymptomatic HIV-infected or HIV-exposed children. Overall, up to 60% of children with AIDS shed CMV.
This compares with one third of all HIV-infected children; 15% to 20% of CM V-infected, HIV-exposed but
uninfected children; and <15% of CMV-infected infants not exposed to HIV.*

Clinical Manifestations

Approximately 10% of infants with in utero CMV infection are symptomatic at birth with congenital CMV
syndrome (i.e., CMV inclusion disease). The rate of symptomatic CMV infection among infants infected
with CMV in utero is higher in HIV-infected infants (23.1%) than in HIV-uninfected children (6.7%) even in
the cART era.? In studies of cohorts of neonates with symptomatic congenital CMV disease, conditions
commonly observed included size that was small for gestational age, petechiae, jaundice,
hepatosplenomegaly, chorioretinitis, microcephaly, intracranial calcifications, and hearing impairment.3!-3
Mortality of children with symptomatic disease is as high as 30%. Approximately 40% to 58% (and in
specific cohorts, as many as 90%) of infants with symptomatic disease at birth who survive have late
complications, including substantial hearing loss, mental retardation, chorioretinitis, optic atrophy, seizures,
or learning disabilities.>® Although most children with in utero CMV infection do not have symptoms at
birth, 10% to 15% are at risk of later developmental abnormalities, sensorineural hearing loss, chorioretinitis,
or neurologic defects. Premature neonates who acquire CMV postnatally can be asymptomatic or can have
evidence of disease such as hepatitis, thrombocytopenia, or pneumonitis.

HIV disease seems to progress more quickly in HIV-infected children coinfected with CMV than in those
without CMV infection.?>?>** In one study from the pre-cART era, 53% of infants coinfected with HIV and
CMYV had progression to AIDS or had died by age 18 months, compared with 22% of HIV-infected children
without CMV infection; those with HIV/CMYV coinfection also were more likely to have central nervous
system (CNS) manifestations (36% versus 9%). The relative risk of HIV disease progression in children
coinfected with CMV compared with children without CMV was 2.6 (95% CI: 1.1-6.0).>> CMV retinitis is
the most frequent severe manifestation of CMV disease among HIV-infected children, accounting for
approximately 25% of CMV AIDS-defining illnesses. CMV retinitis among young HIV-infected children is
frequently asymptomatic and discovered on routine examination. Older children with CMV retinitis present
similarly to adults, with floaters, loss of peripheral vision, or reduction in central vision. Diagnosis of CMV
retinitis is based on clinical appearance with white and yellow retinal infiltrates and associated retinal
hemorrhages. A more indolent, granular retinitis also can occur. HIV-infected children with CD4 cell counts
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<100 cells/mm? are more likely than those with higher CD4 cell counts to develop CMV retinitis; however,
CD4 cell count is less predictive of risk of CMV disease in young infants, and systemic and localized CMV
disease can occur in HIV-infected infants with higher, age-adjusted CD4 cell counts.?%**

End-organ CMV disease has been reported in the lung, liver, gastrointestinal (GI) tract, pancreas, kidney,
sinuses, and CNS of HIV-infected children but is rare in the era of cART.***” In children with extraocular
CMV disease, predominantly nonspecific symptoms (e.g., fever, poor weight gain, loss of developmental
milestones with laboratory abnormalities of anemia, thrombocytopenia, and elevated lactic dehydrogenase)
are initially observed, although the extent to which CMV or HIV infection themselves contribute to these
findings is unclear.’® GI manifestations among HIV-infected children include CMV colitis (the most common
GI manifestation), oral and esophageal ulcers, hepatitis, ascending cholangiopathy, or gastritis. Odynophagia
is a common presentation of CMV esophagitis, whereas abdominal pain and hematochezia frequently occur
with CMYV colitis. Sigmoidoscopy in CMV colitis is nonspecific, demonstrating diffuse erythema,
submucosal hemorrhage, and diffuse mucosal ulcerations. Esophageal or colonic ulcerations may cause
perforation or hemorrhage.

The role of CMV in pulmonary disease among HIV-infected children is difficult to assess because it often is
isolated with other organisms (e.g., Pneumocystis jirovecii). Histologic evidence of CMV disease is needed
to determine whether active disease is present. CMV pneumonia is an interstitial process with gradual onset
of shortness of breath and dry, nonproductive cough; auscultatory findings may be minimal.

CNS manifestations of CMV include subacute encephalopathy, myelitis, and polyradiculopathy (primarily
observed in adults but rarely reported in children). The subacute or chronic encephalopathy of CMV can be
difficult to differentiate clinically from HIV dementia, with symptoms of confusion and disorientation
attributable to cortical involvement. Focal signs can be attributed to lesions in the brainstem. Cerebrospinal
fluid (CSF) findings are nonspecific and may include leukocytosis with polymorphonuclear predominance
(>50% of patients), elevated protein (75%), and low glucose (30%). However, up to 20% of children with
CMYV CNS involvement have completely normal CSF indices. CMV also can cause a rapidly progressive,
often fatal, CNS disease with cranial nerve deficits, nystagmus, and increasing ventricular size.*®

Diagnosis

It can be difficult to distinguish CMV infection from CMV disease in HIV-infected children. Because of
transplacental transfer of antibody, a positive CMV immunoglobulin G (IgG) antibody assay in an infant
aged <12 months can indicate infection in the mother but not necessarily in the infant. In an infant aged >12
months, a positive CMV IgG antibody assay indicates CMV infection of the child but not necessarily active
disease. In children of any age, a positive CMV culture or polymerase chain reaction (PCR) assay indicates
infection but not necessarily disease.

CMYV can be isolated in cell culture from peripheral blood leukocytes, body fluids (e.g., urine, saliva), or
tissues. Using centrifugation-assisted shell vial culture amplification techniques, CMV can be detected within
16 to 40 hours of culture inoculation. A positive blood buffy-coat culture establishes CMV infection and
increases the likelihood that disease or symptoms were caused by CMV because children with positive blood
cultures are at higher risk of end-organ disease. Recovery of virus from tissues (e.g., with endoscopically
guided biopsies of GI or pulmonary tissue) provides evidence of disease causation in symptomatic patients.
The limitation of this method is that detection of visible cytopathic effects in cell culture takes 1 to 6 weeks.
Staining of shell vial culture with CMV monoclonal antibodies or tissue immunostaining for CMV antigens can
allow earlier diagnosis of infection. Histopathology demonstrates characteristic “owl’s eye” intranuclear and
smaller intracytoplasmic inclusion bodies in biopsy specimens. Staining with monoclonal antibodies for CMV
antigens also can be done on cells obtained from bronchoalveolar lavage.

Different methods have been used to detect viral antigen or DNA directly and to identify patients at risk of
CMV disease; these include detection of pp65 antigenemia, qualitative and quantitative PCR, and DNA
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hybridization. The DNA assays are more sensitive than buffy coat or urine cultures for detecting CMV and
can be used to identify patients at higher risk of clinically recognizable disease. CMV DNA detection in CSF
by DNA PCR is highly sensitive for CMV CNS disease. Quantitative DNA PCR can be used as a marker for
risk of disease and to monitor response to therapy.* Anticipated international standardization of PCR assays
for CMV DNA may allow for the establishment of quantitative PCR breakpoints that correlate with CMV
disease and facilitate monitoring response to therapy. The National Institute of Standards and Technology
and the World Health Organization Expert Committee on Biological Standardization recently developed
reference standards for assays for CMV DNA 4041

To diagnose congenital CMV infection, the gold standard remains a positive viral culture from saliva or urine
within the first 21 days of life. Beyond this age, positive cultures can be due to postnatally acquired CMV
infection. Other methodologies to diagnose congenital CMV infection (blood or saliva PCR) have been
investigated but do not yet replace culture as a recommended diagnostic standard.*** To diagnose acquired CMV
disease, culture, antigenemia, and PCR can be used to provide supportive laboratory evidence for clinically
suspected CMV disease. However, these tests may be positive in the absence of clinical disease, due to
asymptomatic reactivations, and therefore do not themselves constitute a diagnosis of CMV disease in the
absence of clinical findings. Alternatively, localized CMV disease (e.g., GI disease) may not manifest with
positive blood tests and laboratory diagnosis may require direct sampling of the involved organ for CMV testing.

Prevention Recommendations

Preventing Exposure

HIV-exposed infants and HIV-infected children, adolescents, and adults who are seronegative for CMV and
require blood transfusion should be administered only CMV antibody-negative or leukocyte-reduced cellular
blood products in nonemergency situations (BIII).

HIV-infected adults and adolescents who are child care providers or parents of children in child care facilities
should be informed that they are at increased risk of CMV infection (BII*). Risk of CMV infection can be
diminished by optimal hygienic practices (e.g., hand-washing) (AIII). Sexually active adolescents are at risk
of CMV acquisition through oral-oral contact (kissing) and genital-genital contact; the latter risk may be
decreased with condom use.

Preventing First Episode of Disease

The primary methods of preventing severe CMV disease are prevention of severe immunosuppression by
treating with cART and recognition of the early manifestations of disease. CMV antibody testing is
recommended at age 1 year and then annually thereafter for CMV-seronegative HIV-infected infants and
children who are immunosuppressed (e.g., CD4 cell count <100 cells/mm?® or CD4 percentage <10%) (BII).
HIV-infected children aged <5 years who are CM V-infected and severely immunosuppressed (e.g., CD4 cell
count <50 cells/mm?* or CD4 percentage <5%) should have a dilated retinal examination performed by an
ophthalmologist every 6 months (AIII). Older children should be counseled to report floaters in the eye and
visual changes, similar to the recommendation for adults (BIII). Since the advent of cART, CMV end-organ
disease has diminished to such an extent that primary prophylaxis with antiviral agents in CMV- and HIV-
coinfected people usually is not recommended (BIII). CMV end-organ disease is best prevented by ART to
maintain the CD4 cell count >100 cells/mm? (CD4 percentage >10% in children <6 years). If this is not
possible, prophylaxis with valganciclovir can be considered for HIV-infected children aged >6 years and
adolescents who are CMV-seropositive and have CD4 cell counts of <50 cells/mm?, and for young HIV-
infected children aged <6 years who are CMV-seropositive and have a CD4 percentage <5% (CIII). Data
supporting the efficacy of antiviral prophylaxis against CMV in pediatric HIV-infected patients are lacking,
however, and CMV disease has been observed in children with higher CD4 cell counts than those suggested
for primary prophylaxis.?’” A randomized study of ganciclovir prophylaxis in adult patients with AIDS and
low CD4 counts did not show efficacy, and ganciclovir is associated with hematologic toxicity.** Therefore,
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ART remains the preferred approach to prevent CMV disease in HIV-infected children.

Valganciclovir dosing in neonates and young infants has been defined in non-HIV-infected patients with
symptomatic congenital CMV disease, with a 16 mg/kg body weight dose of oral valganciclovir producing
similar systemic exposure to a 6 mg/kg body weight dose of intravenous (IV) ganciclovir.* In children aged 4
months to 16 years, the dose should be based upon body surface area (BSA) and creatinine clearance (CrCl),
with the dose in milligrams = 7 x BSA x CrCl (calculated using a modified Schwartz formula); if the calculated
Schwartz CrCl exceeds 150 mL/min/1.73m?, then a maximum value of 150 mL/min/1.73m? should be used in
the equation.*® All calculated doses should be rounded to the nearest 25-mg increment for the actual deliverable
dose. If the calculated dose exceeds 900 mg, a maximum dose of 900 mg should be administered.
Valganciclovir oral solution is the preferred formulation for children aged 4 months to 16 years because it
provides the ability to administer a dose calculated according to the formula above; however, valganciclovir
tablets can be used if the calculated doses are within 10% of available tablet strength (450 mg).

Asymptomatic congenital CMV infection is associated with late-onset hearing loss in HIV-uninfected
children.?? Therefore, infants of mothers who were infected with CMV during pregnancy or those in whom in
utero HIV transmission has been documented should be evaluated for the presence of congenital,
asymptomatic CMV infection by urine shell vial testing (CIII). Some experts recommend testing all infants
born to HIV-infected mothers for congenital CMV infection, because HIV transmission to infants may not be
clearly defined within the 21-day window for congenital CMV testing. Infants with congenital CMV
infection (symptomatic and asymptomatic) should be evaluated for hearing loss at 6-month intervals for at
least the first 3 years of life (AII).Y

Discontinuing Primary Prophylaxis

Because primary prophylaxis with antiviral agents in individuals coinfected with CMV and HIV usually is
not recommended (as discussed above), consideration of discontinuing primary prophylaxis usually is
unnecessary. When valganciclovir primary prophylaxis is provided, cessation of prophylactic treatment can

be considered when the CD4 cell count is >100 cells/mm? for children aged >6 years, or CD4 percentage
>10% in children aged <6 years (CIII).

Treatment Recommendations

Treating Disease

Treatment of newborns who have symptomatic congenital CMV disease involving the CNS with IV
ganciclovir for 6 weeks has been evaluated in a series of clinical trials conducted by the National Institute of
Allergy and Infectious Diseases Collaborative Antiviral Study Group;* all infants in these studies were
HIV-uninfected. Infants receiving therapy cleared their urine of CMV by culture by the end of the 6-week
treatment period, but they all experienced a rebound in their viruria after the drug was discontinued.*® In a
Phase III, randomized, controlled trial, infants with CNS disease who received IV ganciclovir for 6 weeks
were less likely to have hearing deterioration over the first 2 years of life than were infants receiving no
antiviral therapy.* Treated infants also had more rapid resolution of liver enzyme abnormalities and a greater
degree of growth during the course of therapy. They also experienced fewer neurodevelopmental delays at 1
year of life than did untreated infants.’® However, approximately two-thirds of the infants developed
substantial neutropenia during therapy.** Among patients developing neutropenia, 48% required dose
modification, but most were able to complete the 6 weeks of therapy.

On the basis of these results, IV ganciclovir therapy (6 mg/kg body weight/dose administered every 12
hours) for 6 weeks can be considered for HIV-exposed or HIV-infected infants who have symptomatic
congenital CMV disease involving the CNS (BI). If during the 6 weeks of therapy an infant is confirmed as
HIV infected, some experts might recommend treatment for a longer period (>6 weeks), but the benefit of
extended therapy is unproven (CIII). A controlled trial conducted by the Collaborative Antiviral Study
Group of 6 weeks versus 6 months of oral valganciclovir in HIV-uninfected infants with symptomatic
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congenital CMV disease is nearing completion. Neonates with symptomatic congenital CMV disease can be
referred to a pediatric infectious diseases specialist for consideration of ganciclovir or valganciclovir therapy
and long-term monitoring for sequelae (AI).*>#

CMV retinitis should be managed in collaboration with an experienced ophthalmologist and CMV treatment
should be instituted in addition to cART. IV ganciclovir, oral valganciclovir, IV foscarnet, and IV cidofovir,
and the ganciclovir intraocular implant coupled with valganciclovir are all effective treatments for CMV
retinitis in HIV-infected adults (AI*).%'"5° Ganciclovir intraocular implant, however, is no longer available
from the manufacturer for treatment with CMYV retinitis. For HIV-infected infants and children, IV
ganciclovir is the drug of choice for initial treatment (induction therapy) for acquired CMV disease,
including CMYV retinitis and other end-organ disseminated CMV disease (e.g., colitis, esophagitis, CNS
disease) (AI*). Oral valganciclovir, a prodrug of ganciclovir, is one of the first-line treatments for HI'V-
infected adults with CMV retinitis (AI*)3 and is an option in older children who weigh enough to receive the
adult dose and tablet formulation of valganciclovir (CIII). The drug is well absorbed from the GI tract and
rapidly metabolized to ganciclovir in the intestine and liver. Valganciclovir oral solution has not been studied
in pediatric patients for treatment of CMV retinitis, but consideration can be given to its use for transitioning
from IV ganciclovir to oral valganciclovir to complete treatment and/or for secondary prophylaxis once
improvement in retinitis is noted (CIII).

An alternative drug for treating CMV disease or for use in ganciclovir-resistant CMV infections in HIV-
infected children is foscarnet (AI*). Foscarnet used as suppressive therapy has been associated with
increased length of survival relative to ganciclovir in HIV-infected adults. Doses should be modified in
patients with renal insufficiency. Cidofovir is effective in treating CMV retinitis in adults who are intolerant
of other therapies. Cidofovir has not been studied in children with CMV disease, but can be considered when
other options cannot be used (CIII).

Combination therapy with ganciclovir and foscarnet delays progression of retinitis in certain patients in
whom monotherapy fails****°%7 and can be used as initial therapy in children with sight-threatening disease
(BIII). Combination therapy also has been used for adults with retinitis that has relapsed on single-agent
therapy. However, substantial rates of adverse effects are associated with combination therapy.

Intravitreous injections of ganciclovir, foscarnet, or cidofovir have been used to control retinitis, but
biweekly intraocular injections are required. Data are limited in children, and biweekly injection is
impractical for use in most children (BIII). Implantation of an intravitreous ganciclovir medication-release
device in the posterior chamber of the eye also has been used in HIV-infected adults and adolescents. In
adults, the combination of oral valganciclovir with a ganciclovir sustained-release intraocular implant,
replaced every 6 to 9 months, was superior to daily IV ganciclovir in preventing relapse of retinitis, and
intraocular ganciclovir implant plus IV ganciclovir or oral valganciclovir was preferred by some adult HIV
specialists for initial treatment of patients who have sight-threatening CMV lesions adjacent to the optic
nerve or fovea (AI).>!">° Use of systemic therapy in addition to the ocular implant may reduce development
of retinitis in the contralateral eye. Because the ganciclovir implant is no longer available from the
manufacturer, this route of administration is currently not available for treatment and chronic suppression of
CMV retinitis in older children large enough to receive the intraocular implant and oral valganciclovir.

Small peripheral lesions can be treated with systemic therapy without local treatment (BII*). Intraocular
implants have not been studied in patients younger than age 9 years and were not recommended in children
aged <