Appendix E. Archived Sections

Overview

Following the 2021 Rescoping Consultation of the Guidelines for the Prevention and Treatment of
Opportunistic Infections in Children With and Exposed to HIV, several opportunistic infections were
identified as either with low frequency in children and prepubertal adolescents with HIV or without
HIV-specific management implications. As a result, these sections were recommended not to be
further reviewed by the Panel on Opportunistic Infections in Children With and Exposed to HIV (the
Panel). The archived sections are Human Herpesvirus 8 Disease, Influenza, and Progressive
Multifocal Leukoencephalopathy.

This appendix provides access to the last updated versions of sections that are no longer being
reviewed by the Panel.

e Human Herpesvirus 8 Disease

e Influenza
o Mpox

e Progressive Multifocal Leukoencephalopathy
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Human Herpesvirus 8 Disease

Updated: December 15, 2016
Reviewed: December 15, 2016

Panel’s Recommendations

[ Isthere an indication for serologic testing for human herpesvirus 8 (HHV-8) in asymptomatic HIV-infected
children (compared with not testing) to guide clinical management?

o Antibody (or DNA testing) for HHV-8 is insufficiently sensitive/specific to predict risk of Kaposi sarcoma. Therefore,
routine testing to identify HHV-8-seropositive, HIV-infected patients is not recommended (strong, very low).

Il.  Among HIV-infected children, does initiation of antiretroviral therapy (ART) (as compared with non-initiation)
reduce the risk of Kaposi sarcoma?

o Effective suppression of HIV replication with ART is recommended to reduce the risk of HHV-8-associated Kaposi
sarcoma (strong, low).

lll.  For HIV-infected patients initiating ART, are any specific ART regimens associated with lower rates of Kaposi
sarcoma?

o Data are insufficient and conflicting upon which to base a recommendation for a particular ART regimen for
prevention of Kaposi sarcoma (weak, low).

IV.  Among HIV-infected children with active Kaposi sarcoma, is treatment with ART (as compared with no ART)
associated with higher rates of remission and/or decreased mortality?

o Treatment with ART is associated with increased survival among HIV-infected children with active Kaposi sarcoma.
Effective suppression of HIV replication with ART is recommended for all patients with evidence of active Kaposi
sarcoma and other HHV-8-associated malignant lymphoproliferative disorders (strong, very low).

V. Among HIV-infected children with active Kaposi sarcoma, is treatment with chemotherapy in addition to ART
(as compared with ART alone) associated with higher rates of remission and/or decreased mortality?

o Systemic chemotherapy, in addition to ART, is associated with higher rates of remission and decreased mortality and
is recommended for disseminated or visceral Kaposi sarcoma (stage T1 disease) and for primary effusion lymphoma
(strong, low). For localized Kaposi sarcoma (stage T0 disease), the benefit of systemic chemotherapy (in addition to
ART) is unclear.

VI.  Among HIV-infected children treated with ART who develop immune reconstitution inflammatory syndrome
(IRIS), is chemotherapy in addition to continuation of ART (compared with no chemotherapy) associated with
higher rates of remission and/or decreased mortality?

o For patients with Kaposi-sarcoma-associated IRIS, chemotherapy along with continuation of ART is recommended
(strong, low).

VII. Among HIV-infected children who achieve remission from Kaposi sarcoma, what therapies are recommended to
lower the risk of recurrence?

o Effective suppression of HIV replication with ART in HIV-infected patients with Kaposi sarcoma may prevent Kaposi
sarcoma progression or occurrence of new lesions and may decrease risk of recurrence after remission. Life-long
ART is recommended for all individuals with evidence of active or treated Kaposi sarcoma or other HHV-8-associated
malignant lymphoproliferative disorders (strong, low).

Rating System

Strength of Recommendation: Strong; Weak

Quality of Evidence: High; Moderate; Low; or Very Low
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Introduction/Overview
Epidemiology

Human herpesvirus 8 (HHV-8), also called Kaposi sarcoma (KS)-associated herpesvirus (KSHV), is
a gamma human herpesvirus most closely related to Epstein-Barr virus. HHV-8 has been causally
linked to all forms of KS (i.e., HIVV-related, classic endemic, and iatrogenic) and with two rare
neoplastic conditions usually associated with HIV infection: body cavity-based lymphoma, also
known as primary effusion lymphoma (a B-cell lymphoma that typically arises in body cavities such
as the pleural space), and multicentric Castleman disease (non-cancerous tumors that may develop in
lymph nodes in a single site or in multiple sites throughout the body). The exact mechanism by
which HHV-8 infection leads to neoplastic disease has not been fully elucidated, but seroconversion
to HHV-8 antibody positivity virtually always precedes development of the tumors.!

The prevalence of antibodies to HHV-8 varies widely with age, geography, and certain risk factors.
In the United States and Europe, 1% to 3% of the general adult population is seropositive, with
higher rates (8%) among men who have sex with men (MSM).2 In a U.S. cohort of HIV-infected and
at-risk (but HIVV-negative) adolescents with a median age of 19 years, 11.2% were HHV-8
seropositive.® The highest rates were in adolescent HIV-infected MSM (23%). Seropositivity was
associated with HIV infection, MSM, a history of syphilis, and injection-drug use.>* The general
adult seropositivity rate in Mediterranean countries ranges from 10% to 25%. In areas where HHV-8
is endemic, such as eastern and central sub-Saharan Africa, HHV-8 seropositivity rates as high as
80% have been reported in adults.>®

HHV-8 is transmitted through oral and, possibly, genital secretions. Immunocompetent HHV-8-
infected adults frequently shed HHV-8 in their oropharyngeal secretions.’® In areas where HHV-8
infection is endemic, the seroprevalence increases quickly during the first 5 years of life (especially
when other family members are HHV-8-positive), then plateaus until adolescence and young adult
years.!*'? The seroprevalence among infants and children increases with the number of HHV-8-
positive parents and siblings in the home, indicating non-sexual transmission for prepubertal
children, with a limited role for perinatal transmission.*"® HHV-8 can also be transmitted through
exposure to infected blood, including through intravenous (V) drug use and blood product
transfusions.®

For HIV-infected individuals, coinfection with HHV-8 places them at increased risk of KS. Most
cases of KS occur in adults (compared with children). Before the advent of antiretroviral therapy
(ART), the overall incidence of KS in HIV-infected adults was as high as 20%. However, in the
United States and England, KS represented less than 1% of pediatric AIDS-defining illnesses, likely
due in part to low HHV-8 seroprevalence in children in these regions. Although KS occurs primarily
in adults, the incidence in children has increased dramatically as a result of the HIV pandemic,
particularly in sub-Saharan Africa.?%?? latrogenic KS has emerged as well, predominantly among
adults in developed settings, with increasing use of immunosuppressive therapies and organ
transplantation.? Pediatric cases of iatrogenic KS after liver or bone marrow transplantation have
also been described.?*%

The risk of KS among HIV-infected individuals is highest among those with severe
immunodeficiency. KS, primary effusion lymphoma, and multicentric Castleman disease can occur
at any CD4 T lymphocyte (CD4) cell count, but they are described most often in HIV-infected
patients with more advanced immunosuppression (CD4 cell count <200 cells/mm? in adults). It
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should be noted, however, that 5% to 10% of newly diagnosed KS in adults occurs in those with
CDA4 cell count >300/mm? and/or low or undetectable plasma HIV RNA levels.??

The incidence of KS appeared to decline in the United States even before the widespread use of
ART. The reason is unclear but may have been related to the use of other antiviral agents, such as
those used to treat cytomegalovirus (CMV) (i.e., foscarnet, ganciclovir, and cidofovir), which may
inhibit HHV-8.3% The incidence of KS in adults has continued to decrease with the advent of earlier
and more aggressive ART.

Clinical Manifestations

Primary infection with HHV-8 in young, immunocompetent children may be asymptomatic or may
present as a self-limited mononucleosis-like illness consisting of fever, mild upper respiratory
symptoms, and a maculopapular rash. A similar presentation has been described in
immunocompetent adults.3”*® A more severe illness has been described in immunocompromised
patients, who may present with disseminated infection with fever, lymphadenopathy, splenomegaly,
and pancytopenia.®®*° Reactivation of HHV-8 has been associated with hemophagocytic
lymphohistiocytosis in HIV-infected adults.*

KS presentation varies widely, with cutaneous, oral, lymphatic, or visceral involvement, or some
combination of the three.*?*® Pediatric presentations differ from those of adults and are best
described in retrospective cohort studies from sub-Saharan Africa.?#34° Cutaneous forms involve
characteristic non-tender, purplish, indurated skin lesions, which may be seen in 47% to 83% of
affected children. Children also commonly present with lymphatic involvement (30% to 64%), a
particularly aggressive form of the disease, and as many as 10% to 18% of these children may not
have skin lesions. Intraoral lesions may be seen in 21% to 41%, occasionally (4%) without skin
lesions. Visceral dissemination occurs in 12% to 38% of children. Median age at presentation in
these studies ranges from 6 years to 10 years, and KS has been diagnosed in children as young as
10 months to 2 years. Median CD4 percentage at presentation in these studies ranges from 7.4% to
16%.

Multicentric Castleman disease presents with generalized adenopathy and fever and may progress to
multi-organ failure. Primary effusion lymphoma presents with symptoms related to fluid
accumulation in the pleural or pericardial space or with abdominal distention.

Diagnosis

Laboratory diagnosis of HHV-8 infection is most commonly based on serologic assays, such as
immunofluorescence, enzyme-linked immunosorbent assay, and Western blot. However, there is no
gold standard for diagnosing HHV-8 infection. Serologic tests range in sensitivity from 80% to >90%
and interassay agreement is poor.*® Combination assays containing both lytic and late-phase antigens
may improve detection rates. Nucleic acid-based tests, such as in situ DNA hybridization and
polymerase chain reaction (PCR), are important for tissue diagnosis. Although these tests have high
levels of sensitivity, their specificity and reproducibility are highly variable. Only 40% to 60% of
patients with proven KS will have HHV-8 DNA in their blood or saliva detectable by PCR, and in
them, positivity will vary over time.

Diagnosis of KS requires biopsy and histologic examination of affected tissues.
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Prevention Recommendations
Preventing Exposure

Routine testing of children and adults for HHV-8 is not recommended; therefore, the serostatus of
HIV-infected patients usually is unknown. Although the efficacy of condoms in preventing HHV-8
exposure has not been established, HIV-infected patients should use male latex condoms correctly and
consistently during sexual intercourse to reduce exposure to sexually transmitted pathogens.

Preventing First Episode of Disease

The use of ART with suppression of HIV replication has markedly decreased the incidence of KS in
HIV-infected adults. Several antiviral agents (i.e., ganciclovir, foscarnet, and cidofovir) inhibit HHV-
8 replication in vitro, and data suggest that their use can prevent KS in patients who are HIV/HHV-8
coinfected.*” However, antiviral use for prevention of KS is not currently recommended.

Treatment Recommendations
Treating Disease

Specific treatment regimens are not included in this report because the HIV-related clinical entities
associated with HHV-8, such as KS and Castleman disease, are oncologic and traditionally have been
treated with cytotoxic chemotherapy. However, in HIV-infected patients with KS, effective
suppression of HIV replication with ART may result in improvement in KS lesions, prevent KS
progression, or prevent occurrence of new KS lesions. Therefore, ART is recommended for all HIV-
infected patients with evidence of active KS and other HHV/-8-associated malignant
lymphoproliferative disorders.

In HIV-infected adults with KS, HHV-8 cellular viremia and higher viral load have been associated
with disease progression.*® The vast majority of infected cells are not undergoing lytic replication,
and anti-herpesvirus medications have had little or no effect on established KS or HHV-8 cellular
viremia. Studies are under way of methods that induce lytic replication or attack the episomal (latent)
HHV-8 genome. %%

In contrast to KS, in Castleman disease, many of the cells support lytic replication of HHV-8, and
treatment with anti-herpesvirus drugs has led to substantial clinical improvement in some studies.*
IV ganciclovir or oral valganciclovir may be considered for treating multicentric Castleman disease®
and may be a useful adjunct for treating primary effusion lymphoma.>?5® These diagnoses are
exceedingly rare in children; in such cases, adult guidelines should be consulted.

Monitoring and Adverse Events (Including IRIS)

KS-associated immune reconstitution inflammatory syndrome (KS-IRIS) generally describes the
appearance of or paradoxical clinical worsening of KS after initiation of a potent ART regimen. KS-
IRIS is not predicted by low CD4 cell count.>* KS-IRIS is associated with higher mortality than KS
not associated with IRIS. In African cohorts, where mortality from KS-IRIS is high, chemotherapy in
addition to ART was associated with increased survival.*®
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For patients with disease manifestations of HHV-8 infection who are treated with ganciclovir or
valganciclovir, refer to the chapter on CMV infections (Monitoring and Adverse Events) for
information on treatment-associated adverse events.

Preventing Recurrence

Effective suppression of HIV replication with ART in HIV-infected patients with KS may result in
improvement in KS lesions, prevent KS progression, or prevent occurrence of new KS lesions and is
recommended for all individuals with evidence of active KS and other HHV-8-associated malignant
lymphoproliferative disorders.

Primary Prevention

l. Is there an indication for serologic testing for HHV-8 in asymptomatic HIV-infected
children (compared with not testing) to guide clinical management?

Routine testing to identify HHV-8-seropositive, HIV-infected patients is not recommended (strong,
very low).

Although KS is one of the most common cancers in HIV-infected individuals, a minority of
coinfected individuals will develop KS. Seroprevalence of HHV-8 varies by country, but in some
areas reaches >50% by adulthood. Sensitivity and specificity of antibody testing vary, and HHV-8
DNA shedding in saliva and presence in plasma are not consistent. Studies are conflicting on utility
of quantitative DNA PCR for prediction of risk of KS in HHV-8-seropositive, HIV-infected adults.
Based on lack of accurate prediction of risk of KS by antibody and HHV-8 DNA assays, routine
testing is not indicated. For someone known to be HHV-8-seropositive, that factor should be
considered in discussions about ART initiation.

Il.  Among HIV-infected children, does initiation of ART (as compared with non-initiation)
reduce the risk of KS?

Effective suppression of HIV replication with ART is recommended to reduce the risk of HHV-8-
associated KS (strong, low).

Multiple observational studies in adults have shown that the incidence of KS is drastically reduced in
adults on ART.%®%" In one retrospective pediatric study, 0 of 1,000 children on ART developed KS,
in contrast with 32 children out of 3,000 who presented with or developed KS prior to starting
ART.®

I1l.  For HIV-infected patients initiating ART, are any specific ART regimens associated with
lower rates of KS?

Data are insufficient and conflicting on which to base a recommendation for a particular ART
regimen for prevention of KS (weak, low).

Evidence has been conflicting as to whether non-nucleoside reverse transcriptase inhibitor (NNRTI)-
or protease inhibitor (Pl)-based ART has an advantage in the prevention of KS. Laboratory evidence
of Pl antitumor activity exists, most notably for nelfinavir, but also for ritonavir and ritonavir-
boosted lopinavir. In addition, there is preliminary evidence that Pl-based therapy reduces HHV-8
DNA oropharyngeal shedding.® One recent, large observational study of adults noted an advantage
for Pl-based therapy over NNRTI-based regimens in the prevention of KS, but other studies have
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found no difference between regimens.®®%” There are no corresponding data from pediatric studies. It
should be noted that 5% to 10% of new cases of KS in adults occur in those on therapy, with
undetectable viral loads and/or CD4 cell counts >300 cells/mm3,282°

Treatment

IV. Among HIV-infected children with active KS, is treatment with ART (as compared with
no ART) associated with higher rates of remission and/or decreased mortality?

Effective suppression of HIV replication with ART is recommended for all patients with evidence of
active KS and/or other HHV- 8-associated malignant lymphoproliferative disorders (strong, very
low).

Treatment with ART is first-line therapy against KS and other HHV-8-associated malignant
proliferative disorders, and is associated with increased survival among HIV-infected children with
active KS,214458

V. Among HIV-infected children with active KS, is treatment with chemotherapy in addition
to ART (as compared with ART alone) associated with higher rates of remission and/or
decreased mortality?

Systemic chemotherapy, in addition to ART, is associated with higher rates of remission and
decreased mortality and is recommended for disseminated or visceral KS (stage T1 disease) and for
primary effusion lymphoma (strong, low). For localized KS (stage TO disease), the benefit of
systemic chemotherapy (in addition to ART) is unclear.

There is a paucity of information to guide the clinical management of HIV-infected children with
KS. The available studies were retrospective, had relatively small sample sizes, and were performed
in sub-Saharan Africa.*> Data from these studies were not adjusted for KS stage or for
comorbidities. Additionally, AIDS Clinical Trials Group staging classification has not been validated
in children. For focal or early stage KS, HIV-infected adults have been effectively treated with ART
alone.*® Local intralesional chemotherapy or radiation therapy may be considered for focal disease.
The available evidence in children suggests that systemic chemotherapy in addition to ART is
associated with increased likelihood of remission and decreased mortality. It is unclear, however, if
localized disease (stage TO) can be treated effectively without systemic chemotherapy. Data are
insufficient on which to base a recommendation for a particular chemotherapy regimen, and various
regimens have been used in different settings. Patient clinical presentation and available therapies in
the practice setting should be considered, in consultation with an oncologist.

VI. Among HIV-infected children treated with ART who develop IRIS, is chemotherapy in
addition to continuation of ART (compared with no chemotherapy) associated with
higher rates of remission and/or decreased mortality?

For patients with KS-associated IRIS, chemotherapy along with continuation of ART is
recommended (strong, low).

Studies of HIV-infected adults with KS-associated IRIS (primarily from African cohorts) indicate
that chemotherapy in addition to ART, as opposed to ART alone, is associated with reduced
mortality.>>°
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Secondary Prevention

VII. Among HIV-infected children who achieve remission from KS, what therapies are
recommended to lower the risk of recurrence?

Effective suppression of HIV replication with ART in HIV-infected patients with KS may prevent
KS progression or occurrence of new lesions and is recommended for all individuals with evidence
of active or treated KS and/or other HHV-8-associated malignant lymphoproliferative disorders
(strong, low).

The risk of KS recurrence has decreased in the ART era. In 1 study of adults treated with pegylated
liposomal doxorubicin and ART (which continued after chemotherapy), the relapse rate was 13.5%
per year, and was highest in the first year.%! In 1 large Italian study, a multivariate analysis
dem(gnstrated a strong association between use of ART and increased 10-year survival rates after
KS.
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Influenza

Updated: July 26, 2018
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Panel’s Recommendations

. Does influenza vaccination of children with HIV and their contacts decrease incidence or severity of influenza
(compared with no vaccination)?

e The prevention of influenza in children with HIV aged =6 months should include annual administration of inactivated
influenza vaccine (either quadrivalent or trivalent, depending on availability) (strong, moderate).

o Currently, it is suggested that children with HIV not receive live-attenuated influenza vaccine? (e.g., intranasal
administered influenza vaccine, FluMist) (weak, very low).

¢ Household members and close contacts (aged =6 months) of children with HIV should receive yearly influenza
vaccine (any recommended and otherwise medically appropriate influenza vaccine) (strong, moderate).

ll.  Does pre- or post-exposure antiviral chemoprophylaxis against influenza with a neuraminidase inhibitor in
children with HIV prevent influenza and/or reduce morbidity (compared with no chemoprophylaxis)?

o Pre-exposure antiviral chemoprophylaxis with a neuraminidase inhibitor against influenza may be considered in
children with HIV with severe immunosuppression (i.e., CD4 T lymphocyte [CD4] cell percentage <15%) while
influenza virus is circulating in the community, after careful consideration of risks and benefits as outlined in Centers
for Disease Control and Prevention (CDC) Advisory Committee on Immunization Practices (ACIP) and Infectious
Diseases Society of America (IDSA) guidelines (weak, low).

e Post-exposure antiviral chemoprophylaxis with a neuraminidase inhibitor against influenza is recommended in
children with HIV with severe immunosuppression (i.e., CD4 percentage <15%), regardless of influenza vaccination
status, if antiviral chemoprophylaxis can be started within 48 hours of exposure to an ill person with confirmed or
suspected influenza (strong, moderate).

o Post-exposure antiviral chemoprophylaxis with a neuraminidase inhibitor against influenza is recommended in
children with HIV with moderate to no immunosuppression in whom influenza vaccination is contraindicated or
unavailable (strong, moderate) or in seasons in which low influenza vaccine effectiveness is documented (strong,
low), if antiviral chemoprophylaxis can be started within 48 hours of exposure to an ill person with confirmed or
suspected influenza.

lll. Does antiviral treatment of children with HIV with diagnosed influenza decrease severity, morbidity, or
complications of influenza (compared with no treatment)?

o Children with HIV requiring hospitalization for laboratory-confirmed or clinically suspected influenza should receive
antiviral treatment as soon as possible according to CDC/ACIP and IDSA guidelines. When influenza is suspected in
the hospital setting, empiric antiviral treatment should be given without waiting for confirmatory laboratory testing and
without regard to illness duration (strong, moderate). Antiviral treatment may provide benefit when started after
48 hours of iliness onset in patients with severe, complicated, or progressive illness, and in hospitalized patients
(weak, low).

o Children with HIV in the outpatient setting with laboratory-confirmed or clinically suspected influenza should receive
antiviral treatment as soon as possible (strong, moderate). Treatment should be initiated as early as possible
regardless of influenza vaccine status and regardless of illness severity according to CDC/ACIP and IDSA guidelines.

¢ |n the outpatient setting, consideration could be given to withholding treatment if symptom duration exceeds 48 hours,
the child has no HIV viremia or evidence of immunosuppression, is aged >5 years, and has no other underlying
condition that places the child at high risk of complications from influenza (weak, low).
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Rating System
Strength of Recommendation: Strong; Weak
Quality of Evidence: High; Moderate; Low; or Very Low

a As of the 2017-2018 influenza season, live attenuated influenza vaccine (LAIV) is hot recommended by ACIP for any
pediatric or adult patient given concerns about effectiveness. Please see the most recent ACIP statements regarding use of
LAIV in future seasons.

Epidemiology

Influenza viruses are spread directly from person to person across distances up to 6 feet via large or
small droplets generated by coughing or sneezing, or indirectly from contaminated surfaces to hands
to mucosal membranes.! Influenza has an incubation period of 1 to 4 days (mean: 2 days),? and can
be shed by adults from 1 day before to 5 to 7 days after onset of symptoms and by children from
several days before to >10 days after illness onset.® Viral shedding can occur over longer periods in
those with chronic diseases, including patients with immunosuppression or those receiving systemic
corticosteroid therapy.*’

Seasonal influenza viruses can be divided into three types: A, B, and C. Influenza A viruses are
further subdivided based on surface glycoproteins: hemagglutinin (H) and neuraminidase (N).
Influenza A viruses circulate primarily among aquatic birds, but also among humans and other
animals, including pigs, horses, and seals. Influenza A virus subtypes HIN1pdmO09 and H3N2
currently circulate among humans. Influenza B viruses circulate primarily among humans.®
Influenza C viruses circulate primarily among animals such as swine and dogs but are increasingly
appreciated in humans.®*2 Influenza A and B, but not C, cause seasonal outbreaks. Surveillance and
immunization are currently performed for influenza A and B. Two influenza A subtypes (one HIN1
and one H3N2); and one influenza B strain for trivalent vaccine formulations, or two influenza B
strains for quadrivalent vaccine formulations are included in current seasonal influenza vaccines. In
the United States, influenza viruses cause annual outbreaks lasting from winter through spring.

The Centers for Disease Control and Prevention (CDC) has identified certain groups to be at risk of
complications from influenza, including individuals with immunosuppression caused by HIV
infection.® The burden of influenza virus in children with HIV has been characterized in limited case
reports and case series, but assessment of its impact has been confounded by the stage of HIV
infection, type of antiretroviral therapy (ART), and other comorbidities.!* In the era before the
availability of combination antiretroviral therapy (CART), multiple large epidemiological studies
suggested high hospitalization and mortality rates associated with influenza in individuals with
HIV.1>1% However, observations reported during the CART era suggest that better control of HIV
infection is associated with a milder course of influenza. In an outbreak of pandemic 2009 HIN1
influenza in Germany involving 15 schoolchildren with HIV receiving cART, the clinical course of
influenza in children with HIV was similar to that in children without HIV.!" A case series of

13 children with HIV with pandemic 2009 H1N1 in Barcelona in 2009 also reported outcomes
similar to those in groups without HIV.28 In both reports, half of the children were aged <13 years,
had CD4 T lymphocyte (CD4) counts >500 cells/mm?, and had very low or undetectable HIV viral
loads. Recent adult data suggest that, despite the introduction of ART, influenza-related mortality in
adults with AIDS is still greater than in the general population.'® Further, using national mortality
and laboratory surveillance data from 1998-2009, a study from South Africa reported that the risk of
death associated with influenza in children aged <5 years was greater in children with HIV than in
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those without HIV (RR 11.5, 95% CI, 9.6-12.6).% Large prospective, observational studies of
children with HIV are needed to further substantiate these findings.

Clinical Manifestations

Signs and symptoms related to influenza are similar in children with and without HIV and include
fever, cough, and rhinorrhea in the majority of patients.182! Loss of appetite was more common in
patients with HIV than in patients without HIV in one study.?? In a prospective cohort study of
hospitalized children with laboratory-confirmed influenza conducted in South Africa from 1997 to
1999, prior to cCART availability, radiographic evidence of alveolar consolidation was more frequent
in children with HIV than in children without HIV. Clinical outcomes including duration of
hospitalization and in-hospital mortality were similar for both children with and without HIV.?? In
one small study conducted during the 2009 H1N1 pandemic, chest radiography patterns differed with
HIV status; children with HIV were more likely to have an interstitial infiltrate and children without
HIV more likely to have a consolidative infiltrate. Children with HIV were also more likely to have
leukopenia associated with their influenza diagnosis than children without HIV.%

Diagnosis

The laboratory approach to diagnosis of influenza in children with and without HIV is identical. This
includes rapid influenza diagnostic tests (RIDTs), immunofluorescence assays, reverse transcription-
polymerase chain reaction (RT-PCR) assays, and viral culture. RT-PCR and viral culture are
considered the gold standard influenza tests. Viral culture has lower sensitivity than RT-PCR and
results are not immediately available. RIDTs offer point-of-care diagnosis, but sensitivity is
substantially lower than for viral culture or RT-PCR, which makes false-negative results a significant
concern in clinical application. In addition RIDTs can be falsely positive when the prevalence of
influenza is low, thus limiting their reliability for patient management in both high and low
prevalence seasons.? Clinical diagnosis with laboratory confirmation of influenza is important,
especially for hospitalized patients and outpatients at higher risk of influenza complications.
Molecular diagnostic methods (e.g., RT-PCR) offer the most sensitive and specific diagnostic testing
and can be performed at many specialized laboratories, such as hospital laboratories, commercial
referral laboratories, and county and state public health laboratories.

Prevention Recommendations

Preventing Exposure

Basic personal hygiene, including hand hygiene and proper cough etiquette, are mainstays of
influenza prevention. Individuals should avoid touching their eyes, nose, and mouth and avoid
contact with sick individuals. Hands should be washed often with soap and water or, if soap and
water are unavailable, with an alcohol-based hand rub containing at least 60% alcohol. Proper hand
washing technique involves wetting hands with clean running water, applying soap, and rubbing and
scrubbing all hand surfaces and under the fingernails for at least 20 seconds. Hands should be dried
with a clean towel or air dried. When using alcohol-based hand rub, the hand rub should be applied
to one hand, and the hands (including all hand surfaces and fingers) should be rubbed together until
dry.

Cough etiquette directs that individuals cough or sneeze into a tissue rather than into their hands. A
soiled tissue should be disposed of in a waste basket. Measures used by public health authorities
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during influenza pandemics include recommendations to reduce crowding, to maintain a few feet of
distance from others, to avoid shaking hands or hugging at gatherings, and to avoid gatherings
altogether (see Preventing the Flu: Good Health Habits Can Help Stop Germs and Handwashing:
Clean Hands Save Lives).

Prolonged influenza viral replication in immunocompromised patients has implications for spread of
influenza in the health care setting, as well as in the community. Immunocompromised patients with
prolonged viral replication in the respiratory tract could potentially serve as a reservoir for spread of
influenza in the hospital and the community. In addition, prolonged viral replication increases the
risk for emergence of antiviral resistance if antiviral exposure occurs. Strategies to prevent the spread
of influenza in health care facilities include use of standard and droplet precautions by health care
workers, as well as caution when performing aerosol-generating procedures according to Healthcare
Infection Control Practices Advisory Committee guidelines.?®

In addition to the above measures, influenza prevention efforts for children with HIV also include
vaccinating the children’s close contacts and limiting spread of influenza from household members.
Household members may be vaccinated with any medically appropriate vaccine formulation. Though
not recommended for the 2017-2018 season, live attenuated influenza vaccine (LAIV) is considered
safe for household contacts of children with HIV if the contacts fulfill criteria for LAIV receipt.
Isolation of household members with any acute respiratory illness from the child with HIV, prompt
influenza testing, and presumptive antiviral treatment in potentially infected household members are
additional tools to prevent spread of influenza to children with HIV.

Preventing First Episode of Disease

Annual influenza vaccination is a cornerstone of influenza prevention at both the individual and
community level.?® Past concerns about an increase in HIV viral load following influenza vaccination
have not been substantiated, particularly in individuals on ART.*327-31 Currently in the United States,
inactivated influenza vaccine (11V) is recommended for patients with HIV according to the CDC
Advisory Committee on Immunization Practices (ACIP) guidelines. Studies examining the immune
response of children and adolescents with HIV on ART to inactivated influenza vaccination have
generally shown immune responses comparable to those seen in individuals without HIV.*? Children
with HIV-related immunologic impairment or with symptomatic HIV demonstrate decreased
immune responses to influenza vaccination (see Recommendation Table). High-dose 11V was
recently studied in a small cohort of children and young adults with HIV, though it was not
significantly more immunogenic in these patients than standard-dose 11V.*® Additional studies of
high-dose 11V in populations at increased risk for influenza are in progress. LAIV is not
recommended for immunosuppressed persons per CDC/ACIP guidance.®* Furthermore, current
Infectious Diseases Society of America (IDSA) guidelines for LAIV immunization of
immunocompromised persons state that LAIV should not be administered to immunocompromised
persons or persons with HIV.3 Some experts would consider using LAIV (which may remain
available) in children with HIV on ART without CD4-defined immunosuppression on the basis of
demonstrated safety and immunogenicity in children with HIV who meet these conditions.
However, the CDC/ACIP and IDSA guidelines recommend against such practice, and LAIV is not
licensed for use in children with HIV. Further, LAIV is not currently recommended by ACIP for all
populations because of decreased effectiveness.

Contraindications to the use of inactivated influenza vaccines are few and are the same for
individuals with and without HIV. Influenza vaccines are not approved for children aged
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<6 months. Per CDC/ACIP guidance, persons with a previous severe allergic reaction to influenza
vaccine should not receive influenza vaccine in the future.® Future avoidance of influenza vaccine
in this setting is recommended regardless of the component suspected of being responsible for the
reaction. Persons who report having had egg-associated reactions involving symptoms other than
hives (e.g., angioedema, respiratory distress, lightheadedness, or recurrent emesis) or who required
epinephrine or another emergency medical intervention, may receive any licensed and recommended
influenza vaccine “that is otherwise appropriate for the recipient’s age and health status.”* In
persons with severe egg reactions, influenza vaccine should be administered in an inpatient or
outpatient medical setting with supervision by a health care provider able to recognize and manage
severe allergic conditions.3* A physician should be consulted before influenza vaccine is
administered to children who have a moderate-to-severe illness with a fever (in which case,
vaccination should be postponed until the child recovers).

Options for antiviral chemoprophylaxis of influenza include antiviral administration in the pre- or
post-exposure setting to children and adolescents with HIV (see Panel Recommendations above).
Pre-exposure prophylaxis should rarely be used, except in persons who are severely
immunocompromised and therefore at very high risk for influenza virus-associated morbidity and
mortality during periods of greatly increased risk for influenza exposure.®” The choice to provide
post-exposure prophylaxis to an individual patient depends on the patient’s state of
immunosuppression and immunization status, as well as the seasonal vaccine effectiveness
depending on the vaccine match with the circulating strains of influenza (See Panel
Recommendations above and Evidence Summary below).®” Selection of an antiviral drug for
chemoprophylaxis should be based on current CDC/ACIP influenza antiviral recommendations and
take into consideration the weekly antiviral susceptibility testing data for the circulating influenza
virus strains that is provided by CDC (see Weekly U.S. Influenza Surveillance Report or EluView).
Post-exposure antiviral chemoprophylaxis should be started within 48 hours of exposure to a contact
with confirmed or suspected influenza. Oseltamivir and zanamivir, which are members of the
antiviral class of medications called neuraminidase inhibitors, are approved and are recommended for
chemoprophylaxis against influenza A and B viruses in children. Oseltamivir prophylaxis is not Food
and Drug Administration (FDA)-approved for children aged <1 year, but the American Academy of
Pediatrics (AAP) and CDC have issued recommendations for prophylaxis of children aged

>3 months; zanamivir prophylaxis is not recommended for children aged <5 years (see table below).
Although oseltamivir resistance has been documented previously among circulating seasonal
influenza A (H1NZ1) virus strains during the 2008—-2009 influenza season, since September 2009,
most (99%) circulating influenza A and B viruses have been susceptible to oseltamivir.*"
Amantadine and rimantadine, adamantane derivatives which only have activity against influenza A
viruses, are approved but not currently recommended for chemoprophylaxis of influenza A virus
infection because of widespread resistance of current influenza A (H3N2 and HIN1pdm0Q9) virus
strains to adamantanes.*"

Discontinuing Primary Prophylaxis

Though used only rarely, when a pre-exposure chemoprophylaxis strategy is employed, antiviral
chemoprophylaxis should continue for the duration of influenza virus circulation in the community.®’

The recommended duration of post-exposure chemoprophylaxis depends on the type of exposure,
whether influenza vaccination was provided after the exposure, and whether influenza vaccine is
anticipated to be effective based on the child’s degree of immunosuppression and the degree of
match with circulating influenza viruses.>"“° If influenza vaccination is provided after contact,
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chemoprophylaxis duration should generally be 2 weeks after vaccination. If exposure is to a
household contact, chemoprophylaxis duration should be 7 days (see Influenza Antiviral
Medications: Summary for Clinicians). If chemoprophylaxis is provided in setting of an institutional
outbreak, the duration is either 14 days, or 7 days after onset of symptoms in the last person infected,
whichever is longer. The duration of chemoprophylaxis after other exposure types should generally
be 7 days.

Treatment Recommendations

Treating Disease

Treatment of influenza in children with HIV is recommended according to CDC/ACIP guidelines.
The recommended duration of treatment is 5 days, but may need to be extended in severely ill
hospitalized or immunocompromised patients.*>** As with primary chemoprophylaxis, selection of
an antiviral drug for treatment should be based on current CDC/ACIP influenza antiviral
recommendations and should account for antiviral susceptibility testing data for circulating influenza
virus strains that is provided by CDC (see Weekly U.S. Influenza Surveillance Report or EluView).
Currently recommended influenza antiviral medications are the neuraminidase inhibitor drugs,
oseltamivir (orally administered), zanamivir (inhaled), and peramivir (intravenous). Peramivir is
approved for treatment in persons aged >18 years. All three are effective for treatment against
influenza A and B viruses. Oseltamivir is FDA-approved for treatment of influenza in children aged
>2 weeks; however, both CDC and AAP recommend the use of oral oseltamivir for treatment of
influenza in infants aged <2 weeks when needed (see Influenza Antiviral Medications: Summary for
Clinicians).*?

Although oseltamivir resistance was documented in circulating seasonal influenza A (HIN1) virus
strains during the 2008-2009 influenza season, since September 2009, most (99%) of circulating
influenza A and B viruses have been susceptible to oseltamivir.3"3 Zanamivir is approved for
treatment of influenza in children aged >7 years (see Table below). Peramivir, though FDA-approved
only for treatment of persons aged >18 years, has been studied in pediatric populations.*4¢
Importantly, the most common neuraminidase inhibitor mutation (H275Y) imparts resistance to both
oseltamivir and peramivir.*”*® Adamantanes (rimantadine, amantadine) have activity only against
influenza A viruses, but are not currently recommended for treatment of influenza A because of
resistance of currently circulating influenza A (H3N2 and HIN1pdmO09 virus strains).3"3°

Monitoring of Adverse Events

Clinicians should take into account patients’ age, weight, renal function, history of seizures, level of
immunosuppression, other medical conditions, and potential drug interactions when considering
administration of influenza antiviral medications and evaluating their associated adverse events.®’

Oseltamivir

In studies in adults and children, mild nausea and vomiting have been the most common side effects
of treatment with oseltamivir;***° however, these symptoms can be reduced if the medication is taken
with food.”* Despite earlier post-market reports from Japan of transient neuropsychiatric events
manifested as self-injury or delirium, oseltamivir has not been reproducibly associated with increased
risk of neuropsychiatric events.® Moreover, influenza infection itself is associated with neurologic
complications such as febrile seizures, encephalopathy, and encephalitis. FDA recommends close
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monitoring for abnormal behavior in patients treated with oseltamivir.>* FDA and CDC also
recommend that clinicians and pharmacists pay careful attention to avoid dosing errors in young
children.®

Zanamivir

Because of cases of respiratory deterioration manifested as decreased forced expiratory volume or
bronchospasm in patients with asthma or chronic obstructive pulmonary disease receiving zanamivir,
this agent is not recommended for treatment of influenza in patients with underling pulmonary
disease. In clinical treatment studies involving patients with uncomplicated influenza, common
adverse events were similar in those treated with inhaled zanamivir and those treated with inhaled
placebo.®"4

Drug Interactions

Clinical data are limited with respect to drug interactions between influenza antiviral drugs and
antiretroviral (ARV) drugs, and no clinical trials to date have evaluated the safety or efficacy of using
combinations of different classes of influenza antiviral drugs.®” However, information derived from
pharmacology and pharmacokinetic studies of oseltamivir suggests that clinically significant drug
interactions with ARV agents are unlikely. Moreover, since none of the neuraminidase inhibitors
(oseltamivir, zanamivir, peramivir) affect cytochrome P450 (CYP450) isoenzymes, no clinically
significant drug interactions are predicted based on in vitro studies.

Managing Treatment Failure (Influenza Disease Progression)

Clinicians developing management plans in response to treatment failure or severe illness associated
with influenza viral infections can consider changing antiviral dosing or route of administration,
increasing duration of therapy, or tailoring therapy based on viral resistance.®° The potential use of
increased oseltamivir doses in critically ill patients has emerged from concerns surrounding enteric
absorption of oseltamivir in this patient population, but these concerns have not been substantiated in
clinical trials. One small study demonstrated therapeutic plasma levels of oseltamivir in critically ill
adult patients comparable to those seen in ambulatory adult patients.>* In addition, a prospective
study from Hong Kong showed no overall clinical or virologic benefit of higher dose as compared to
standard dose oseltamivir in hospitalized adults, though a trend to more rapid viral clearance of
influenza B, but not of influenza A, was noted in a sub-analysis.> Patients who are severely ill and
hospitalized or who are immunosuppressed may require longer treatment with oseltamivir.*® For
hospitalized children or those with severe disease, treatment with inhaled zanamivir is not
recommended because evidence for its use in this setting is lacking. In December 2014, FDA
approved intravenous (IV) peramivir for treatment of acute uncomplicated influenza in persons aged
>18 years. Although not licensed for children, pediatric use of peramivir is reported and off-label use
could be considered in severely ill children, especially those patients who cannot tolerate or absorb
oral/enteral oseltamivir. Expert opinion supports consideration of IV peramivir use in hospitalized
children aged >2 years and adults or those with severe disease, although efficacy in this setting has
not been demonstrated.*>** Further studies to support its safety and efficacy are needed.*>-5657

Prior to the 2017-2018 influenza season, IV zanamivir was available through clinical trial enroliment
or via an Emergency Investigational New Drug application for settings in which oseltamivir-resistant
influenza virus infection was suspected or confirmed (see Influenza Antiviral Medications: Summary
for Clinicians). However, at present IV zanamivir is no longer available in the United States.
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Importantly, as noted above, if oseltamivir-resistant influenza virus infection is suspected or
confirmed, peramivir is not indicated because of demonstrated cross-resistance between oseltamivir
and peramivir.

Preventing Recurrence
See sections Preventing Exposure and Preventing First Episode of Disease.
Discontinuing Secondary Prophylaxis

Not applicable.
Primary Prevention

1. Does influenza vaccination of children with HIV and their contacts decrease
incidence or severity of influenza (compared with no vaccination)?

i. Prevention of influenza in children with HIV aged >6 months should include annual
administration of inactivated influenza vaccine (either quadrivalent or trivalent, depending on
availability) (strong, moderate). This recommendation is based on review of IDSA,®
CDC/ACIP,** and AAP* guidelines.

Annual influenza vaccination is universally recommended for all children aged >6 months.**
Studies of influenza vaccination in children with HIV have generally shown that influenza
vaccination is safe and immunogenic. Some studies have demonstrated that, compared to
children without HIV, children with HIV have decreased antibody responses to influenza
vaccination.%®%061 Others have shown that children with HIV with greater immune
impairment or a more symptomatic clinical stage had decreased immune response to
influenza vaccination.®>®® Despite this potential for modestly impaired immune response to
influenza vaccination in children with HIV, seroprotection (i.e., hemagglutination inhibition
[HAI] antibody titer >1:40) was achieved in up to 92% of vaccine recipients® and
seroconversion (>4-fold rise in post-vaccine HAI titer as compared to pre-vaccine HAI titer)
in as many as 85% of vaccine recipients® in studies of children with HIV.

In one randomized, double-blind, placebo controlled trial of influenza vaccination in children
with HIV, immune responses were measured by HAI and vaccine efficacy was determined
using active surveillance data.®® Seroprotection among the vaccinated population was low
and vaccine efficacy was only 17.7% (95% CI, 0% to 62.5%). Importantly, 92% of
participants in this study were receiving ART and the median CD4 percentage was 33.5
(range: 15.2% to 55.9%). However, in a similar study performed in adults with HIV in the
same setting, vaccine efficacy was 75.5% (95% Cl, 9.2% to 95.6%).%” Thus, given the
CDC/ACIP recommendation for universal influenza vaccination in children aged >6 months
and the potential for protection against influenza by administration of influenza vaccination,
yearly administration of influenza vaccine to children with HIV is strongly advised.

ii. Currently, it is suggested that children with HIV not receive live-attenuated influenza
vaccines (intranasal administered influenza vaccine, FluMist) (weak, very low). This
recommendation is based on review of the IDSA guideline for vaccination in the
immunocompromised host.®
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Several studies have evaluated LAIV administration to children and/or adults with

HIV 68368960.70 |y these studies, LAIV administration was safe and not associated with
serious adverse events. In most of these studies, individuals with HIV were not significantly
immunocompromised at the time of study vaccination. Although some experts would
consider using LAIV in children with HIV on ART without CD4-defined
immunosuppression on the basis of demonstrated safety and immunogenicity in children with
HIV meeting these conditions,* current IDSA guidelines for immunization of
immunocompromised hosts recommend against immunization of children, adolescents, and
adults with HIV with LAIV.*®

Household members and close contacts (aged >6 months) of children with HIV should
receive yearly influenza vaccine (any recommended and otherwise medically appropriate
influenza vaccine) (strong, moderate).

Annual influenza vaccination is universally recommended for all adults and children aged
>6 months.>*"* Given the immunocompromised state of children with HIV and the potential
for impaired immune response to influenza vaccination, special emphasis on vaccination of
those persons in household and/or close contact with children with HIV is warranted.
Ensuring that household/close contacts are vaccinated against influenza likely provides
additional prevention against influenza in children with HIV. While there are no specific
studies addressing a “cocoon” strategy for influenza prevention in children with HIV, this
recommendation is in accordance with universal influenza vaccination recommended by
CDC/ACIP.

2. Does pre- or post-exposure antiviral chemoprophylaxis against influenza with
a neuraminidase inhibitor in children with HIV prevent influenza and/or
reduce morbidity (compared with no chemoprophylaxis)?

Pre-exposure antiviral chemoprophylaxis with a neuraminidase inhibitor against influenza
may be considered in children with HIV with severe immunosuppression (i.e., CD4
percentage <15%) while influenza virus is circulating in the community (weak, low). Use of
this strategy requires careful consideration of risks and benefits and attention to influenza
circulation as outlined in CDC/ACIP,*" IDSA,*? and AAP* guidelines.

Post-exposure antiviral chemoprophylaxis with a neuraminidase inhibitor against influenza is
recommended in children with HIV with severe immunosuppression (i.e., CD4 percentage
<15%) regardless of influenza vaccination status, if antiviral chemoprophylaxis can be started
within 48 hours of exposure to an ill person with confirmed or suspected influenza (strong,
moderate).

Post-exposure antiviral chemoprophylaxis with a neuraminidase inhibitor against influenza is
recommended in children with HIV with moderate to no immunosuppression in whom
influenza vaccination is contraindicated or unavailable (strong, moderate) or in seasons in
which low influenza vaccine effectiveness is documented (strong, low) if antiviral
chemoprophylaxis can be started within 48 hours of exposure to an ill person with confirmed
or suspected influenza.

No antiviral chemoprophylaxis studies for prevention of influenza have been specifically
performed in children with HIV. These recommendations were made with reference to
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current guidelines on antiviral chemoprophylaxis against influenza published by the
CDCI/ACIP, IDSA, and AAP. In severely immunosuppressed children, influenza vaccination
may be poorly immunogenic. Therefore, antiviral chemoprophylaxis may be considered for
children with HIV with severe immunosuppression regardless of vaccination status.

Post-exposure antiviral chemoprophylaxis should be given only if it can be started within

48 hours after the initial exposure and if the recipient is asymptomatic. If more than 48 hours
have elapsed since the initial exposure, then either no chemoprophylaxis should be given, or
the treatment antiviral dose should be given. If the potential recipient is already symptomatic,
prompt antiviral treatment should be initiated (see Clinical Question #3). Use of

prophylactic once-daily dosing in the setting of active viral replication poses a risk of
emergence of antiviral resistance.”>" Further information regarding antiviral
chemoprophylaxis can be found at Influenza Antiviral Medications: Summary for Clinicians.

Treatment

3. Does antiviral treatment of children with HIV with diagnosed influenza
decrease severity, morbidity, or complications of influenza (compared with no
treatment)?

Children with HIV requiring hospitalization for laboratory-confirmed or clinically suspected
influenza should receive antiviral treatment as soon as possible according to CDC/ACIP and
IDSA guidelines. When influenza is suspected in the hospital setting, empiric antiviral
treatment should be given without waiting for confirmatory laboratory testing and without
regard to illness duration (strong, moderate). Antiviral treatment may provide benefit when
started after 48 hours of illness onset in patients with severe, complicated, or progressive
illness, and in hospitalized patients (weak, low).

Children with HIV in the outpatient setting with laboratory-confirmed or clinically suspected
influenza should receive antiviral treatment as soon as possible (strong, moderate).
Treatment should be initiated as early as possible regardless of influenza vaccine status and
regardless of illness severity according to CDC/ACIP and IDSA guidelines.

In the outpatient setting, consideration could be given to withholding treatment if symptom
duration exceeds 48 hours, the child has no HIV viremia or evidence of immunosuppression,
is aged >5 years, and has no other underlying condition that places the child at high risk of
complications from influenza (weak, low).

No antiviral treatment studies have been specifically performed in children with HIV with
influenza. The recommendations are made with reference to current influenza
chemoprophylaxis and treatment guidelines published by CDC/ACIP,*” IDSA,* and AAP.*
Further information regarding antiviral treatment can be found at Influenza Antiviral
Medications: Summary for Clinicians.

Secondary Prevention

Not applicable.
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Dosing Recommendations for Chemoprophylaxis and Treatment of Influenza

Indication First Choice Alternative Comments/Special Issues
Primary _ Oseltamivir None Pre-Exposure Chemoprophylaxis
g:ztn;np(; %%?ﬁams o Aged <3 Months: Not Indications
Exposure) recommended e After careful consideration of risks and

Influenza A and B

e Aged 3 Months to
<1 Year: Oseltamivir
3mg/kg body
weight/dose once dailya

o Aged 2110 12 Years:
Weight-band dosing?

0 Weighing <15 kg:
Oseltamivir 30 mg
once daily

0 Weighing >15 kg to
23 kg: Oseltamivir
45 mg once daily

0 Weighing >23 kg to
40 kg: Oseltamivir
60 mg once daily

0 Weighing >40 kg:
Oseltamivir 75 mg
once daily

e Aged 213 Years:
Oseltamivir 75 mg once
daily

Zanamivir (Aged
25 Years)

e Zanamivir 10 mg
(2 inhalations) once
daily®

benefits, pre-exposure antiviral
chemoprophylaxis may be considered for
children with HIV with severe
immunosuppression while influenza virus is
circulating in the community.

Duration

e When employed, pre-exposure antiviral
chemoprophylaxis should continue for the
duration of influenza virus circulation in the
community.

Post-Exposure Chemoprophylaxis
Indications Recommended For:

o Children with HIV with severe
immunosuppression regardless of influenza
vaccination status.

o Children with HIV with moderate to no
immunosuppression if

o Influenza vaccination is contraindicated
or unavailable; or

o Low influenza vaccine effectiveness is
documented in the current influenza
season; and

0 Antiviral chemoprophylaxis can be started
within 48 hours of exposure to an ill
person with confirmed or suspected
influenza.

Duration

Note: Duration of chemoprophylaxis depends
on the type of exposure, whether influenza
vaccination was provided after the exposure,
and whether influenza vaccine is anticipated to
be effective based on the child’s degree of
immunosuppression and the degree of match
with circulating influenza viruses.

e |finfluenza vaccination is provided after
contact, chemoprophylaxis duration should
be 2 weeks after vaccination.
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e |f exposure is to a household contact,
chemoprophylaxis duration should be
7 days.

e |f chemoprophylaxis is provided in setting of
an institutional outbreak, the duration is
either 14 days or 7 days after onset of
symptoms in the last person infected,
whichever is longer.

Oseltamivir Dosing Adjustments
Premature Infants

e Current weight-based dosing
recommendations for oseltamivir are not
appropriate for premature infants
(i.e., gestational age at delivery
<38 weeks).

Renal Insufficiency

¢ Areduction in dose of oseltamivir is
recommended for patients with CrCl
<30 mL/min. For patients with CrCl
10-30mL/min, a reduction in
chemoprophylaxis dosing frequency to every
other day is recommended. Pharmacokinetic
data are limited for dosing recommendations
for patients with severe renal insufficiency
on dialysis.

Secondary N/A N/A No role for secondary chemoprophylaxis
Chemoprophylaxis
Treatment Oseltamivire None Duration

Influenza A and B

e Aged <3 Months:

Oseltamivir
3mg/kg/dose twice
daily

Aged 3 Months to
<1 Year: Oseltamivir
3 mg/kg/dose twice
daily

Aged 21 to 12 Years:
Weight-band dosing

o0 Weighing <15 kg:
Oseltamivir 30 mg
twice daily

0 Weighing >15 kg to
23 kg: Oseltamivir
45 mg twice daily

0 Weighing >23 kg to
40 kg: Oseltamivir
60 mg twice daily

e The recommended antiviral treatment
duration for either oseltamivir or zanamivir is
5 days. Per CDC recommendations, longer
treatment courses can be considered for
patients who remain severely ill after 5 days
of treatment.c

Oseltamivir Dosing Adjustments
Premature Infants

e Current weight-based dosing
recommendations for oseltamivir are not
appropriate for premature infants
(i.e., gestational age at delivery
<38 weeks).d

Renal Insufficiency

o Oseltamivir renal dosing is not well
established for pediatric patients. For
children >40 kg, adult renal dosing can be
used.
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0 Weighing >40 kg: CrCl/Dose
Svsigg?jrgill\;lr 75 mg e 61-90 mL/minute: 75 mg twice daily

o Aged 213 Years: e 31-60 mL/minute: 30 mg twice daily

Oseltamivir 75 mg e 11-30 mL/minute: 30 mg once daily

twice daily

o e <10 mL/minute, ESRD on hemodialysis:
Zanamivir (Aged 30 mg dose after every hemodialysis cycle
27 Years)
- e <10 mL/minute, ESRD continuous

e Zanamivir 10 mg. ambulatory peritoneal dialysis: single 30 mg

32 ]lrlt]a|at|0n5) twice dose administered after a dialysis exchange

aily

a Oseltamivir is FDA-approved for prophylaxis of influenza in children aged =1 year. It is not approved for prophylaxis in children
aged <1 year. However, CDC recommends that health care providers who treat children aged =3 months to <1 year administer
a chemoprophylaxis dose of oseltamivir 3 mg/kg body weight/dose once daily. Chemoprophylaxis for infants aged <3 months is
not recommended unless the exposure situation is judged to be critical.

b Zanamivir is not recommended for chemoprophylaxis in children aged <5 years or for children with underlying respiratory
disease.

¢ See Fiore 2011 and Influenza Antiviral Medications: Summary for Clinicians for further details.

d See Acosta et al. J Infect Dis 2010; 202:563-566 for dosing recommendations in premature infants.

e Oseltamivir is FDA-approved for treatment of influenza in children aged =2 weeks; however, both CDC and AAP recommend
use of oral oseltamivir for influenza treatment in infants aged <2 weeks.

f Zanamivir is not recommended for treatment in children aged <7 years or for children with underlying respiratory disease.

Key: AAP = American Academy of Pediatrics; CDC = Centers for Disease Control and Prevention; CrCl = creatinine clearance;
ESRD = end stage renal disease; FDA = Food and Drug Administration; PK = pharmacokinetic
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Mpox

Updated: April 23, 2026
Reviewed: April 23, 2026

On July 23, 2022, the World Health Organization declared mpox a global health emergency.
Monkeypox virus (abbreviated as MPXV) is a member of the Poxviridae family (genus
Orthopoxvirus). The first case of mpox identified in the United States as part of the recent outbreaks
was confirmed in May 2022, and mpox was declared a public state of emergency in the United States
from August 4, 2022, to January 31, 2023. This serious emerging outbreak is currently more common
among gay, bisexual, and other men who have sex with men than among the general population.
Sporadic cases have been reported in children and pregnant women. To date, no definitive data show
that mpox differentially infects people with or without HIV. However, reports do suggest mpox
could be an opportunistic infection in people with HIV. People with advanced HIV or who are not
virologically suppressed with antiretroviral therapy can be at increased risk of severe disease related
to mpox infection.

Pre- and post-exposure prophylaxis and antiviral treatments are available for people who are at
increased risk of severe disease and are exposed to mpox or diagnosed with mpox. The first-line
antiviral treatment tecovirimat (TPOXX) is effective in animal models in treating disease caused by
orthopoxviruses and is approved by the U.S. Food and Drug Administration (FDA) for the treatment
of smallpox in adults and children. Tecovirimat is available through the Centers for Disease Control
and Prevention (CDC) for compassionate use for mpox infection through an investigational drug
protocol. TPOXX can affect metabolism via cytochrome P450 pathways and have some notable
drug—drug interactions. Individuals on antiretrovirals and other medications may require drug dosing
adjustments with concomitant TPOXX administration. Online resources for checking drug
interactions include the Liverpool HIV Drug Interactions Checker and the Drug—Drug Interaction
Guide.

JYNNEQOS, an effective, FDA-approved, live attenuated, non-replicating smallpox and mpox
vaccine, can be used for pre- and post-exposure prophylaxis in people with HIV. Pre- and post-
exposure prophylaxis can be considered for people at increased risk of mpox infection, including
gay, bisexual, and other men who have sex with men and individuals with close contact exposure to a
confirmed mpox case. ACAM2000, a live replicating smallpox and mpox vaccine, is not
recommended for people with HIV. Vaccinia immune globulin intravenous (or VIGIV) is available
through an investigational drug protocol for infants aged under 6 months. For mpox immunization
recommendations, see Figure 1. Recommended Immunization Schedule.

The Mpox and Immunization chapters of the Adult and Adolescent Opportunistic Infection
Guidelines provide clinical guidance for the prevention and treatment of mpox in adults and
adolescents with HIV.

The most comprehensive source of information about the prevention and treatment of mpox can be
found on CDC’s Clinical Guidance webpage, which includes clinical considerations for
immunocompromised people and children and adolescents, as well as mpox clinical care and
treatment during pregnancy. Additional resources can be found on Infectious Diseases Society of
America’s Mpox webpage.
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Progressive Multifocal Leukoencephalopathy

Updated: October 6, 2013
Reviewed: October 6, 2013

Panel’s Recommendations

e The main approach to treatment of Progressive Multifocal Leukoencephalopathy (PML) is treatment with an effective
antiretroviral regimen that suppresses HIV viremia and preserves or restores CD4 T lymphocyte (CD4) cell-defined
immune function (All).

e |Intrathecal cytosine arabinoside and cidofovir are not routinely recommended for treatment of PML (BIII).

¢ |Immunomodulatory approaches, such as interferon alfa, are not routinely recommended for treatment of PML (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 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; 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

fStudies that include children or children/adolescents, but not studies limited to post pubertal adolescents

Epidemiology

First described in association with disorders of B-cell function, such as chronic lymphocytic
leukemia and Hodgkin disease, progressive multifocal leukoencephalopathy (PML) is a rare
demyelinating disease of the central nervous system (CNS) that occurs in immunocompromised
patients.! In HIV-infected adults, CD4 T lymphocyte (CD4 cell) counts less than 100 cells/mm? are
associated with development of PML, and persistence of CD4 counts less than 50 to 100 cells/mm?®
are associated with fatal PML. Not all patients with PML have severe immune dysfunction, however,
and PML has been reported in HIV-infected patients with high CD4 counts who are receiving
successful combination antiretroviral therapy (CART).

PML is caused by JC virus (JCV), a ubiquitous polyomavirus, named using the initials of the patient,
John Cunningham, from whom it was first isolated. Most humans are infected with JCV early in life;
in a seroepidemiology study, 50% of Swedish children were seropositive for JCV by ages 9 to

11 years, and 72% of adult women aged >25 years in the Finnish Maternity Cohort were JCV
seropositive.? The exact mode of transmission of JCV between individuals is unknown. Because the
virus is commonly detected in urine, JCV has been detected in sewage effluent. It is also detectable
in peripheral blood mononuclear cells of both healthy and immunocompromised individuals. Vertical
transmission from mother to newborn also has been documented.® # Lymphocytes, renal tubular
epithelium, bone marrow, and possibly spleen and lymphoid tissue likely represent sites of viral
latency, and lymphocytes also may be a vehicle for spread of the virus to other organ systems,
including the CNS.>®

The evolution of asymptomatic infection with JCV to symptomatic PML probably involves a series
of events that are both virologic and immunologic. The original infecting strain of JCV—the strain
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that is commonly detected in urine and blood—mutates and alters a regulatory gene through
rearrangement of a non-coding region (at-NCCR to rr-NCCR) to become a neurotropic strain of JCV
capable of replicating in neuronal glial cells.” Failed immune surveillance allows replicating virus to
persist in peripheral blood cells and serum. If the neurotropic form of JCV gains entry into the brain,
it can then establish a productive infection in oligodendrocyte cells, which leads to PML in the
absence of proper CNS immune surveillance.® Serotonin receptor 5-HT(2a) appears important for
JCV infection of brain glial cells.® Recently, in HIV-uninfected adults, an increased incidence of
PML has been associated with use of therapeutic monoclonal antibodies, including natalizumab (an
alpha 4 beta 1 and alpha 4 beta 7 antagonist that targets activated lymphocytes), efalizumab (an anti
CD-11a antibody that targets T-lymphocytes), rituximab (an anti CD-20 antibody that targets
B-lymphocytes), and alemtuzumab (an anti-CD52 antibody that depletes both T and B cells).® 1012

PML is an AIDS-defining illness in HIV-infected individuals. It has rarely been seen in reports from
large series of HIV-infected children,* but cases have been reported in children with a wide range
of ages and a broad geographical distribution.*®?2 The incidence of PML has decreased from

3.3 cases per 1000 person-years at risk during the era before cCART, to 1.3 cases per 1000 person-
years after the introduction of cART.% During the pre-cART era, survival was extremely poor in
adults and children with PML.™ Survival among adults has improved during the cART era®? from
10% to 50%, and mean survival time from time of diagnosis of PML has increased from 0.4 years to
1.8 years.?” No comparable data exist for children.

Clinical Manifestations

No symptoms are known to be associated with acute or latent JCV infection. Asymptomatic urinary
shedding is common. PML is the primary disease caused by JCV and clinical manifestations in
children are similar to those in adults. The disease has an insidious onset and produces a neurologic
syndrome that steadily progresses over weeks or months, characterized by confusion, disorientation,
lack of energy, loss of balance, cognitive dysfunction, dementia, seizures, ataxia, aphasia, cranial
nerve deficits, visual abnormalities (blurred or double vision or loss of vision), hemiparesis or
quadriparesis, and eventually coma.

Demyelination is at first patchy, involving subcortical regions, and then spreads to deep white matter
in a confluent pattern; thus, PML initially may present with focal neurologic deficits that involve
different brain regions.

Diagnosis

The established criteria for clinical diagnosis are focal signs and symptoms on neurologic
examination, focal white matter lesions on magnetic resonance imaging (MRI) or computerized
tomography (CT) without mass effect, and exclusion of other causes of the clinical and
neuroradiologic findings.?® A confirmed diagnosis of PML requires a compatible clinical syndrome
and radiographic findings, coupled with brain biopsy demonstrating a characteristic triad of
pathologic foci of demyelination, enlarged hyperchromatic oligodendrocytes with enlarged nuclei
and basophilic-staining intranuclear material, and enlarged astrocytes with bizarre hyperchromatic
nuclei. When only two of these features are present, JCV can be demonstrated by in situ
hybridization or by electron microscopy for definitive diagnosis.

Brain biopsy remains the gold standard confirmatory test for diagnosis of PML, but brain imaging
with MRI or CT can reveal characteristic lesions. The radiologic features of PML are typically non-
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inflammatory (unless associated with immune reconstitution inflammatory syndrome [IRIS] related
to initiation of CART). Typical CT abnormalities include single or multiple hypodense, non-
enhancing cerebral white matter lesions; cerebellum and brain stem occasionally are involved. MRI
may be more sensitive for detecting changes in the brain associated with PML, and may be positive
before JCV DNA is detected in the cerebrospinal fluid (CSF). MRI depicts white matter lesions of
low T1 signal intensity and high proton density on T2-weighted images with absence of edema or
mass effect. Post-contrast enhancement is unusual, and when present, usually is sparse, with a thin or
reticulated appearance adjacent to the edge of the lesions.

PML diagnosis is now facilitated by use of a polymerase chain reaction (PCR) assay to detect JCV
DNA in CSF, which may obviate the need for brain biopsy in patients with a compatible clinical
syndrome and radiographic findings. Nested JCV DNA PCR on CSF is highly sensitive (90%—-100%)
and specific (92%-100%) for PML in adults, and in the absence of comparative data for children,
similar performance characteristics are anticipated but not proven in that population.?® False-negative
tests occur, however, and PML may be present and diagnosed by brain biopsy in patients with a
negative JCV DNA PCR test in the CSF. Measurement of JCV DNA levels in CSF samples can be a
useful virologic marker for managing PML in patients receiving cART.*® With the advent of multiple
modalities to support PML diagnosis, diagnostic criteria can be stratified according to the following
terminology and levels of certainty of diagnosis:

e Biopsy-confirmed PML.: JCV antigens detected by immunohistochemistry, JCV DNA detected
by in situ nucleic acid hybridization, or JC virions detected by electron microscopy in brain tissue
obtained by cerebral biopsy, associated with typical histology, in patients with typical clinical
and radiological findings

e Laboratory-confirmed PML: JCV DNA detected by PCR of CSF in patients with typical,
clinical, and radiological findings (detection of intrathecal antibody production may also support
the diagnosis)

e Possible PML: Patients with typical clinical and radiological findings, without virologic or
histologic confirmation in brain tissue or CSF.3!32

Presence of antibodies to JCV in the serum or presence of JCV DNA in the blood or urine of patients
does not establish the diagnosis of PML because these studies can be positive in individuals without
PML. Conversely, while most patients with JCV-associated PML have moderate to high anti-JCV
antibodies and JCV DNA in their peripheral blood, serum, and CSF, some patients with PML
diagnosed by brain biopsy will not have detectable anti-JCV antibody or JCV DNA in their blood or
CSF. Most patients with JCV-associated PML, however, have moderate to high anti-JCV antibodies
and JCV DNA in their peripheral blood, serum, and CSF.

Prevention Recommendations

Preventing Exposure

There is no known way to prevent exposure to JCV.
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Preventing First Episode of Disease

Use of CART can prevent or reverse the severe immunosuppression that increases the risk of PML.
Incidence of PML has decreased in the CART era. There are no means of preventing PML in severely
immunosuppressed individuals.

Discontinuing Primary Prophylaxis
No means of primary prophylaxis of JCV infection or development of PML have been demonstrated.

Treatment Recommendations

Treating Disease

No effective specific therapy has been established for JCV infection or PML. Survival in HIV-
infected adults with PML has substantially improved during the post-cART era, with an increase in
median survival from 14 to 64 weeks.?" % A CD4 count >100 cellssmm?3 at PML diagnosis is
associated with improved survival, and use of CART after diagnosis of PML is strongly associated
with improved survival.® Thus, the main approach to treatment involves optimizing cART to reverse
the immunosuppression that interferes with normal host response to this virus (All).

A number of agents have been proposed or reported anecdotally as more specific treatments for
PML, but none has proven effective after greater scrutiny or more extensive study. In a randomized,
open-label trial of intravenous (IV) and intrathecal cytosine arabinoside®* and a non-randomized,
open-label trial of 1V cidofovir,®® neither drug was effective in producing clinical improvement of
PML in HIV-infected adults, and neither agent is routinely recommended (BI11). Immunomodulatory
approaches such as interferon-alfa (IFN-a) also have been described in case reports in HIV-infected
adults; however, none have been studied in a controlled clinical trial and, in one analysis, these
approaches did not provide any benefit beyond that with cART.3 Thus, they are also not routinely
recommended (BI11). Anecdotal reports have been published about use of mirtazapine (a 5-HT(2a)
receptor antagonist) plus either cidofovir or cytosine-arabinoside, with tapering of
immunosuppressive therapy, to treat PML in HIV-uninfected adults who developed the disease while
on immunosuppressive therapy. While the results with this adjunctive treatment are encouraging,
there is insufficient evidence to recommend it at this time.3> 3”3 In addition, recent in vitro studies
have shown that CM X001, an investigational oral ester form of cidofovir, suppresses JCV replication
in human brain cell cultures, and the compound may be evaluated in clinical trials in the near
future.®* “° No therapeutic trials have been conducted in children.

Monitoring and Adverse Events, Including IRIS

Patients may develop PML before starting CART or may manifest PML as an unmasking IRIS event
after immune reconstitution with antiretroviral therapy (ART). Neurologic stability or improvement
and prolonged survival are associated with reduced levels of JCV DNA in CSF, appearance of JCV-
specific antibody in CSF, and presence of JCV-specific cytotoxic T-cell responses in patients
receiving CART.*

After cART is initiated and CD4 counts rise, some patients will experience neurologic improvement;
however, reports have documented worsening neurologic manifestations after initiation of ART.?
Clinical worsening may represent the natural history of PML in these patients. However, this
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apparent worsening may also be a paradoxical reaction from inflammatory responses to JCV
potentiated by cART-induced immune reconstitution, called IRIS,?® 4244 examples of which have
occurred in children.”® The underlying mechanism of cART-associated PML IRIS is controversial.
One hypothesis is that a reduction in inhibitory cytokines (e.g., IFN-o and interleukin-12) after cCART
promotes JCV re-activation within the brain or increases trafficking of JCV-infected peripheral
lymphocytes into the brain.*® Another possibility is that JCV infection occurring coincidental to
CART initiation results in a beneficial inflammatory response, with lack of disease progression.*®
This may be particularly likely in cases of perinatal HIV infection, because JCV acquisition is most
common early in life. The overall prevalence of PML-associated IRIS in children is unknown.
Inflammatory PML should be suspected in cART-treated children with advanced HIV who show
acute neurologic deterioration and contrast-enhancing demyelinating lesions on MRI, even if
immunological and virological measures show improvement in HIV status.?? Retrospective data
suggest that early and prolonged treatment with steroids may be beneficial for some patients in whom
immune reconstitution with ART activates an inflammatory response to JCV. No clinical trial data
exist, however, to substantiate the anecdotal evidence.*’

Managing Treatment Failure

PML remission with CART may take several weeks, and no criteria exist that define progression of
disease. A working definition of treatment failure used for HIV-infected adults is continued clinical
worsening and continued detection of CSF JCV DNA at 3 months (see Guidelines for the Prevention
and Treatment of Opportunistic Infections in HIV-Infected Adults).*® In addition, lack of JCV
antibody response or JCV-specific cytotoxic T-cell immune responses are associated with poor
prognosis. In some patients, PML worsens despite CART, either because of IRIS or because of the
natural history of PML. Whichever is the case, CART should be continued. If cART fails to suppress
HIV RNA or to increase the CD4 count, then attention should focus on modifying and optimizing the
CART (AIll). In HIV-infected children responding well to cART but with continued worsening of
PML, an expert in pediatric HIV infection should be consulted for consideration of investigational
therapies.

Preventing Recurrence

On the basis of its role in reversing the disease, the main measure for preventing PML recurrence is
an effective CART regimen that suppresses HIV viremia and preserves or restores CD4-defined
immune function (All).

Discontinuing Secondary Prophylaxis

No methods for secondary prophylaxis of JCV infection or PML have been proven effective.
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