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Introduction

infections (Ols), which have been defined as infections that are more frequent or more severe

because of immunosuppression in HIV-infected persons [1], were the principal cause of morbidity
and mortality in this population. In the early 1990s, the use of chemoprophylaxis, immunization, and
better strategies for managing acute Ols contributed to improved quality of life and improved survival
[1]. However, the widespread use of potent ART starting in the mid-1990s has had the most profound
influence on reducing Ol-related mortality in HIV-infected persons in those countries in which these
therapies are accessible and affordable [1-8].

Prior to the widespread use of potent combination antiretroviral therapy (ART), opportunistic

Despite the availability of ART in the United States and other industrialized countries, Ols continue to
cause considerable morbidity and mortality for three main reasons: (1) many patients are unaware of their
HIV infection and present with an Ol as the initial indicator of their disease; (2) some patients are aware
of their HIV infection, but do not take ART due to psychosocial or economic factors; and (3) some
patients are prescribed ART, but fail to attain adequate virologic and immunologic response due to issues
related to adherence, pharmacokinetics, or unexplained biologic factors [4, 9, 10]. Thus, although
hospitalizations and deaths have decreased dramatically due to ART, Ols remain a leading cause of
morbidity and mortality in HIV-infected persons [11-19]. Clinicians must be knowledgeable about
optimal strategies for prevention and management of Ols to provide comprehensive high-quality care for
these patients.

It is important to recognize that the relationship between Ols and HIV infection is bidirectional. HIV
causes the immunosuppression that allows opportunistic pathogens to cause disease in HIV-infected
persons. Ols, as well as other coinfections that may be common in HIV-infected persons, such as sexually
transmitted infections, can also have adverse effects on the natural history of HIV infection. Some Ols are
associated with reversible increases in circulating viral load [20]. It is plausible that these increases could
lead to accelerated HIV progression or increased transmission of HIV [21]. Thus, although
chemoprophylaxis and vaccination directly prevent pathogen-specific morbidity and mortality, they may
also contribute to reduced rate of progression of HIV disease. For instance, randomized trials using
trimethoprim-sulfamethoxazole (TMP-SMX) have shown that chemoprophylaxis can both decrease OI-
related morbidity and improve survival. The survival benefit is likely to be partially attributable to
reduced progression of HIV infection [22-26].

Reduced progression of HIV infection would also indirectly delay or reduce the occurrence of subsequent
Ols.

History of These Guidelines

In 1989, the Guidelines for Prophylaxis against Pneumocystis carinii Pneumonia for persons infected
with the Human Immunodeficiency Virus became the first HIV-related treatment guideline published by
the U.S. Public Health Service [27]. This was followed by a guideline on prevention of Mycobacterium
avium complex (MAC) disease in 1993 [28]. In 1995, these guidelines were expanded to include the
prevention of all HIV-related Ols and the Infectious Diseases Society of America (IDSA) joined as a
cosponsor [29]. These prevention guidelines were revised in 1997, 1999, and 2002 and have been
published in MMWR [30-32], Clinical Infectious Diseases [32-36], the Annals of Internal Medicine [37,
38], American Family Physician [39, 40], and Pediatrics [41]; accompanying editorials have appeared in
JAMA [42, 43].

In 2004, the Centers for Disease Control and Prevention (CDC), the National Institutes of Health (NIH),
and the HIV Medicine Association (HIVMA) of the IDSA published a new guideline including
recommendations for treating OIs among HIV-infected adults and adolescents [44]. Companion
guidelines were published for HIV-infected children [45].
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Introduction

Responses to these guidelines (e.g., numbers of requests for reprints, Web site contacts, and observations
from health care providers) have demonstrated that these documents have served as valuable references
for HIV health care providers. Because the guidelines include ratings indicating the strength of each
recommendation and the quality of supporting evidence, readers have been able to assess the relative
importance of each recommendation. The present document includes recommendations for both
prevention and treatment of Ols in HIV-infected adults and adolescents; an accompanying document
includes recommendations for HIV-exposed and -infected children.

These guidelines are intended for clinicians, other health care providers, HIV-infected patients, and
policy makers residing in the United States; guidelines pertinent to other regions of the world,
especially resource-limited countries, may differ with respect to the spectrum of Ols of interest and
diagnostic and therapeutic capacity.

Guidelines Process

These guidelines were prepared by the Opportunistic Infections Working Group under the auspices of the
Office of AIDS Research Advisory Council (OARAC) of the NIH. Briefly, group leaders and team
members with expertise in specific Ols were selected from the membership of the Working Group; each
group reviewed the literature since the last publication of the prevention and treatment guidelines,
conferred over a period of several months, and produced draft revised guidelines. Recommendations were
reviewed and discussed by the Working Group at a meeting in Bethesda, Maryland, on June 25-26, 2007.
The final document reflects discussion and further revisions after that meeting. The document was further
reviewed by the co-editors, by the Office of AIDS Research, by experts at the CDC, and by the HIVMA
of the IDSA prior to final approval and publication.

This document has been submitted for publication to CDC's Morbidity and Mortality Weekly
Report (MMWR) and should be considered a final draft. It is being posted on AIDSinfo to expedite
dissemination of important clinical information. Upon acceptance and publication in MMWR, this
draft will be removed and replaced by the published version. In the meantime, readers should be
aware that the content of the draft might differ from the content of future published versions. Any
corrections/questions concerning this document should be addressed to Ms. Jessica Carrington (e-
mail: contactus@aidsinfo.nih.gov).

Major Changes in Guidelines Since Last Publication

Major changes include: (1) more emphasis on the importance of ART for prevention and treatment of
Ols, especially those for which specific chemoprophylaxis and treatment do not exist; (2) information on
diagnosis and management of immune reconstitution inflammatory syndromes (IRIS); (3) information on
interferon-gamma release assays (IGRAs) for the detection of latent Mycobacterium tuberculosis
infection; (4) updated information on drug interactions affecting use of rifamycin drugs for prevention
and treatment of tuberculosis (TB); (5) the addition of a section on hepatitis B virus (HBV) infection; and
(6) the addition of a section on malaria to the Ols of geographic interest.

How to Use the Information in this Report

For each of the Ols covered in this report, recommendations are provided that address: (1) preventing
exposure to opportunistic pathogens, (2) preventing disease, (3) discontinuing primary prophylaxis after
immune reconstitution, (4) treatment of disease, (5) monitoring for adverse effects (including IRIS), (6)
management of treatment failure, (7) preventing disease recurrence (“secondary prophylaxis” or chronic
maintenance therapy), (8) discontinuing secondary prophylaxis after immune reconstitution, and (9)
special considerations during pregnancy. Recommendations are rated by a revised version of the IDSA
rating system (Box). In this system, the letters A—E signify the strength of the recommendation for or
against a preventive or therapeutic measure, and Roman numerals I-III indicate the quality of evidence
supporting the recommendation. In addition to two tables (Tables A and B) and one figure (Fig. 1) in
disease-specific sections of the document, the guidelines includes nine tables pertinent to the prevention
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and treatment of Ols (Tables 1-9), a figure that includes immunization recommendations (Fig. 2), and an
appendix that summarizes recommendations pertinent to prevention of exposure to opportunistic

pathogens.

BOX. Rating Scheme for Treatment Recommendations

A

I

II

II1

Category Definition

Both strong evidence for efficacy and sub-
stantial clinical benefit support recommen-

dation for use. Should always be offered.

MbModerate evidence for efficacy — or strong
evidence for efﬁcacy but c:unl}r limited clinical
benefit — support recommendation for use.

Shﬂllld gfllE[‘J.“.}’ I:I'E.' OHE[‘ECL

Evidence for efﬁca-::}r is insufficient to sup-
port a recommendation for or against use.
Or evidence for efficacy might not ourweigh
adverse consequences (e.g. d.rug boxicity; drug
interactions) or cost of the treatment under
consideration. Optional.

Moderate evidence for lack of efficacy or for
adverse outcome supports a recommendation
against use. Should generally not be offered.

Good evidence for lack of EEICEC}" or for ad-
verse outcome supports a recommendation
against use. Should never be offered.

Quality of evidence supporting the recommendation

Evidence from art least one properl}r de signed
randomized, controlled crial.

Evidence from at least one well-designed clini-
cal erial without randomization, from cohort
or case-controlled analytic studies (preferably
from more than one center), cr from mul-
tiple time-series studies. Or dramatic results
from uncontrolled experiments.

Evidence from opinions of respec:ed authori-
ties based on clinical experience, descriptive
studies, or reports of expert committees.

Effect of ART on the Management of Ols

Clinicians are often faced with two general questions related to OIs and ART: (1) when to initiate ART in
an ART-naive person who develops an acute OI and (2) how ART should be managed in a person who is
on ART but develops an acute OI.

Initiation of ART in the Setting of an Acute OI (Treatment-Naive Patients)

In the setting of an acute Ol, initiation of ART would logically improve immune function and thus
potentially contribute to faster resolution of the OI. This has been most clearly shown for Ols for which
effective therapy does not exist; cryptosporidiosis, microsporidiosis, and progressive multifocal

3
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leukoencephalopathy (PML) may resolve or at least stabilize after the institution of effective ART
[46-48]. For Kaposi’s sarcoma (KS), as well, initiation of ART has been shown to lead to lesion
resolution in the absence of specific therapy for the sarcoma [49-52].

The initiation of ART in the setting of an acute OI also has preventive benefit; a second Ol is less likely
to occur if ART is started promptly compared with a lengthy delay in initiating ART.

Starting ART in the setting of an acute OI has several potential disadvantages. Severely ill patients may
not absorb ART drugs well, leading to subtherapeutic serum levels and the development of antiretroviral
drug resistance. ART toxicities may be confused with disease manifestations or toxicities associated with
drugs used for treatment of the OI. Drug-drug interactions among ART and anti-OI drugs may be difficult
to manage. Renal or hepatic dysfunction during acute OIs may make dosing of ART drugs difficult to
estimate. Lastly, IRIS events can occur and present with manifestations that are difficult to distinguish
from other clinical conditions (see below).

The term IRIS has been used to describe a group of clinical syndromes associated with immune
reconstitution that have been observed most commonly for mycobacterial infections (TB and
disseminated MAC disease), but also for many other Ols including Pneumocystis jirovecii pneumonia
(PCP), toxoplasmosis, hepatitis B and hepatitis C viruses, cytomegalovirus (CMV) infection, varicella-
zoster virus (VZV) infection, cryptococcal infection, histoplasmosis, and PML [50, 53-64]. IRIS
manifestations are diverse and have not been precisely defined; in general, they are characterized by fever
and worsening of the clinical manifestations of the underlying OI. These clinical manifestations may be at
the site of previously recognized opportunistic disease or may “unmask” disease at new sites not
previously known to be infected by the pathogen. They may also represent a response to a previously
unrecognized additional pathogen. The majority of patients who develop IRIS do so within the first 4 to 8
weeks after starting ART, and have had high viral loads and very low CD4+ T-lymphocyte (CD4+)
counts. However, IRIS has occurred many weeks after ART was started and in sequestered sites such as
bone.

Diagnosis of IRIS is clinically challenging and involves differentiation from progression of the initial OI
(including the possibility of antimicrobial resistance and treatment failure), development of a new OI,
unrelated organ dysfunction, or drug toxicity. Therapy for IRIS has been empiric. There have been no
well-controlled trials to help decide when nonsteroidal drugs or corticosteroids are needed or when ART
should be suspended. The inflammation may take weeks or months to subside. IRIS does not appear to
have favorable or unfavorable implications about patient survival, with the possible exception of IRIS
associated with cryptococcal meningitis [65, 66].

For these reasons, no consensus has been reached concerning the optimal time to start ART in the setting
of a recently diagnosed OI. However, one recently completed randomized clinical trial has demonstrated a
clinical and survival benefit of starting ART early, within the first 2 weeks, of initiation of treatment for
an acute OI, excluding TB [67]. The majority of Ols represented in this study were PCP and serious
bacterial infections, although cryptococcal, other fungal diseases, and disseminated MAC disease
occurred in substantial numbers; the results suggest that unless there are other individual compelling
contraindications, early initiation of ART near the time of initiation of OI treatment should be considered
for most patients with an acute OI, excluding TB. Other issues that should be considered when making
this decision are the degree of immunosuppression, the availability of effective therapy for the OI, the risk
of drug interactions, overlapping drug toxicities, the risk of the consequences of the development of IRIS,
and the willingness of the patient to adhere to his or her drug regimens. In cases of cryptosporidiosis,
microsporidiosis, PML, KS, PCP, and serious bacterial infections, the early benefits of ART outweigh
increased risk related to these other factors and ART should be started as soon as possible. In the setting
of TB disease, awaiting a response to OI therapy may be warranted before initiation of ART.
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Management of Acute Ols in Patients Receiving ART

Ols that develop after patients have been started on potent ART can be categorized into three groups.

The first group includes Ols that occur shortly after initiating ART (within 12 weeks). These cases may
be subclinical infections that have been unmasked by early immune reconstitution or simply Ols that
occurred because of advanced immunosuppression and are not considered to represent early failure of
ART. Many of these cases represent IRIS [53, 55, 68-72].

The second group includes Ols occurring >12 weeks after initiation of ART among patients with
suppressed HIV RNA levels and sustained CD4+ counts >200 cells/pL [73, 74]. Determining whether
these represent a form of IRIS as opposed to incomplete immunity with the occurrence of a new Ol is
difficult.

The third group includes Ols that develop among patients who are experiencing virologic and
immunologic failure while on potent ART. These represent clinical failure of ART.

When an OI occurs within 12 weeks of starting ART, treatment for the OI should be started and ART
should be continued. When an OI occurs despite complete virologic suppression (i.e., late OI), therapy for
the OI should be initiated and ART should be continued. If the CD4+ response to ART has been
suboptimal, modification of the ART regimen may be considered, although there is no evidence that
changing the ART regimen in this setting will improve the CD4+ response. When an OI occurs in the
setting of virologic failure, Ol therapy should be started, antiretroviral resistance testing should be
performed, and the ART regimen should be modified if possible to achieve better virologic control.

Special Considerations During Pregnancy

No large studies have been conducted on the epidemiology or manifestations of HIV-associated Ols
among pregnant women. No data demonstrate that the spectrum differs from that among nonpregnant
women with comparable CD4+ counts.

Physiologic changes during pregnancy may complicate the recognition of Ols and complicate
pharmacokinetics. Issues to consider include [75]:

. Increased cardiac output by 30%—-50% with concomitant increase in glomerular filtration rate and
renal clearance.

. Increased plasma volume by 45%—50% while red cell mass increases only by 20%—-30%, leading
to dilutional anemia.

. Tidal volume and pulmonary blood flow increase, possibly leading to increased absorption of

aerosolized medications. The tidal volume increase of 30%-40% should be considered if
ventilatory assistance is required.

. Placental transfer of drugs, increased renal clearance, altered gastrointestinal absorption, and
metabolism by the fetus might affect maternal drug levels.
. Limited pharmacokinetic data are available; use usual adult doses based on current weight,

monitor levels if available, and consider the need to increase doses if the patient is not responding
as expected.

Fetal risk is not increased with cumulative radiation doses below 5 rads; the majority of imaging studies
result in radiation exposure to the fetus that is much lower than the 5-rad recommended limit. In humans,
the primary risk associated with high-dose radiation exposure is growth restriction, microcephaly, and
developmental disabilities. The most vulnerable period is 8—15 menstrual weeks of gestation with
minimal risk before 8 weeks and after 25 weeks. The apparent threshold for development of mental
retardation is 20—40 rads, with risk increasing linearly with increasing exposures above this level. Among
children, risk of carcinogenesis might be increased approximately 1 per 1,000 or less per rad of in utero
radiation exposure [76]. Therefore, pregnancy should not preclude usual diagnostic evaluation when an

5



Introduction

Ol is suspected [76-78]. Abdominal shielding should be used when feasible to further limit radiation
exposure to the fetus. Experience with use of magnetic resonance imaging (MRI) in pregnancy is limited,
but no adverse fetal effects have been noted [76].

Other procedures necessary for diagnosis of suspected Ols should be performed in pregnancy as indicated
for nonpregnant patients. A pregnant women who is >20 weeks of gestation should not lie flat on her back
but should have her left hip elevated with a wedge to displace the uterus off the great vessels and prevent
supine hypotension. Oxygenation should be monitored when pregnant patients are positioned such that
ventilation or perfusion might be compromised.

For pregnant women who have had an OI diagnosed and are not on ART, immediate initiation of ART
with OI therapy should be encouraged to minimize the risk of perinatal transmission of HIV [79].
Decisions about immediate versus delayed initiation of ART in pregnancy should take into account
gestational age, maternal HIV RNA levels and clinical condition, and potential toxicities and interactions
between ART and OI drugs.

After first-trimester exposure to agents of uncertain teratogenic potential, a detailed ultrasound
examination at 18—20 weeks should be conducted to detect major anomalies. For women who receive
drugs that have not been extensively evaluated during pregnancy, an ultrasound should be conducted
every 4—6 weeks to assess fetal growth and fluid volume, with antepartum testing if growth lag or
decreased fluid are noted. Pregnant women in the third trimester should be instructed in daily fetal
movement counting to detect decreased activity that might indicate fetal compromise [80].
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Epidemiology

Pneumocystis pneumonia (PCP) is caused by Pneumocystis jirovecii, a ubiquitous organism that is
classified as a fungus but that also shares biologic characteristics with protozoa. The taxonomy of the
organism has been changed; Pneumocystis carinii now refers only to the pneumocystis that infects
rodents, and Pneumocystis jirovecii refers to the distinct species that infects humans. The abbreviation
PCP is still used to designate Pneumocystis pneumonia. Initial infection with P. jirovecii usually occurs in
early childhood; two-thirds of healthy children have antibody to P. jirovecii by age 2—4 years [81].
Rodent studies and case clusters among immunosuppressed patients suggest that Pneumocystis spreads by
the airborne route. Disease probably occurs by new acquisition of infection and by reactivation of latent
infection [82-84]. Before the widespread use of primary PCP prophylaxis and ART, PCP occurred in
70%—80% of patients with AIDS [85]; the course of treated PCP was associated with a mortality of 20%—
40% in persons with profound immunosuppression. Approximately 90% of cases occurred among
patients with CD4+ counts of <200 cells/uL. Other factors associated with a higher risk of PCP included
CD4+ cell percentage <14%, previous episodes of PCP, oral thrush, recurrent bacterial pneumonia,
unintentional weight loss, and higher plasma HIV RNA [86, 87].

Incidence of PCP has declined substantially with widespread use of prophylaxis and ART; recent
incidence rates among patients with AIDS in Western Europe and the United States are 2—3 cases per 100
person-years [88]. The majority of cases occur among patients who are unaware of their HIV infection or
are not receiving ongoing HIV care [89] or among those with advanced immunosuppression (CD4+
counts <100 cells/uL) [90].

Clinical Manifestations

The most common manifestations of PCP among HIV-infected persons are the subacute onset of
progressive dyspnea, fever, nonproductive cough, and chest discomfort that worsens over a period of days
to weeks. The fulminant pneumonia observed among non-HIV-infected patients is less common [91, 92].

In mild cases, pulmonary examination is usually normal at rest. With exertion, tachypnea, tachycardia,
and diffuse dry ("cellophane") rales might be observed [92]. Oral thrush is a common coinfection. Fever
is apparent in the majority of cases and might be the predominant symptom among some patients.
Extrapulmonary disease is rare but can present in any organ and has been associated with use of
aerosolized pentamidine prophylaxis.

Hypoxemia, the most characteristic laboratory abnormality, might range from mild (room air arterial
oxygen [pO;] of >70 mm Hg or alveolar-arterial O, difference, [A-a] DO, <35 mm Hg) to moderate ([A-
a] DO, >35 and <45 mm Hg) to severe levels ([A-a] DO, >45 mm Hg). Oxygen desaturation with
exercise is indicative of an abnormal A-a gradient but is nonspecific [93]. Elevation of lactate
dehydrogenase levels to >500 mg/dL is common but nonspecific [94]. The chest radiograph typically
demonstrates diffuse, bilateral, symmetrical interstitial infiltrates emanating from the hila in a butterfly
pattern [92]; however, patients with early disease might have a normal chest radiograph [95]. In addition,
atypical presentations with nodules, blebs and cysts, asymmetric disease, upper lobe localization, and
pneumothorax occur. Pneumothorax in a patient with HIV infection should raise the suspicion of PCP
[96, 97]. Cavitation, intrathoracic adenopathy, and pleural effusion are uncommon in the absence of other
pulmonary pathogens or malignancy, and their presence might indicate an alternative diagnosis.
Approximately 13%—18% of patients with documented PCP have another concurrent cause of pulmonary
dysfunction (e.g., TB, KS, or bacterial pneumonia) [98, 99].

Thin-section computerized tomography (CT) demonstrating patchy ground-glass attenuation [100, 101]
or a gallium scan showing increased pulmonary uptake [102] increases the likelihood that a diagnostic
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study such as bronchoscopy would demonstrate PCP in patients with mild-to-moderate symptoms and a
normal chest radiograph and might be useful as adjunctive studies.

Diagnosis

Because the clinical presentation, blood tests, or chest radiographs are not pathognomonic for PCP and
the organism cannot be routinely cultivated, histopathologic demonstration of organisms in tissue,
bronchoalveolar lavage fluid, or induced sputum samples [98, 99, 103, 104] are required for a definitive
diagnosis. Spontaneously expectorated sputum has low sensitivity and should not be submitted to the
laboratory to diagnose PCP. Giemsa, Diff-Quik, and Wright stains detect both the cyst and trophozoite
forms but do not stain the cyst wall; Gomori methenamine silver, Gram-Weigert, cresyl violet, and
toluidine blue stain the cyst wall. Many laboratories prefer direct immunofluorescent staining. Nucleic
acid tests have greater sensitivity but less specificity than colorimetric or immunologic stains and can be
combined with noninvasive samples such as induced sputum or oral wash samples; however, their
availability is limited [105-107]. In addition, testing for S-adenosylmethionine (which is lowered in cases
of active PCP) or (1—3)B-D-glucan (a component of fungal cell walls; levels increase with PCP) may
provide additional indirect evidence of PCP, and can be helpful in establishing the diagnosis when
microscopic evaluation is negative or unavailable [108].

Previous studies of stained respiratory tract samples obtained by various methods indicate the following
relative diagnostic sensitivities: induced sputum <50%—>90% (the sensitivity and specificity depend
heavily on the quality of the specimens and the experience of the microbiologist or pathologist),
bronchoscopy with bronchoalveolar lavage 90%—99%, transbronchial biopsy 95%—-100%, and open lung
biopsy 95%—100%.

Because of the potential for certain processes to have similar clinical manifestations, a specific diagnosis
of PCP should be sought rather than relying on a presumptive diagnosis, especially in patients with
moderate-to-severe disease. Treatment can be initiated before making a definitive diagnosis because
organisms persist in clinical specimens for days or weeks after effective therapy is initiated [104].

Preventing Exposure

Although certain authorities might recommend that persons who are at risk for PCP not share a
hospital room with a patient who has PCP based on animal studies and anecdotal human
experience, data are insufficient to support this recommendation as standard practice (CIII).

Preventing Disease

a) Initiating Primary Prophylaxis

HIV-infected adults and adolescents, including pregnant women and those on ART, should receive
chemoprophylaxis against PCP if they have a CD4+ count of <200 cells/uL (AI) or a history of
oropharyngeal candidiasis (AIT) [27, 85, 86]. Persons who have a CD4+ cell percentage of <14% or
a history of an AIDS-defining illness, but do not otherwise qualify, should be considered for
prophylaxis (BIT) [27, 85, 86]. When monitoring CD4+ counts frequently (e.g., every 1-3 months) is
not possible, initiating chemoprophylaxis at a CD4+ count of >200, but <250 cells/pL, also should be
considered (BII) [86].

TMP-SMX is the recommended prophylactic agent (AI) [27, 109-111]. One double-strength tablet
daily is the preferred regimen (AI). However, one single-strength tablet daily [111] is also effective
and might be better tolerated than one double-strength tablet daily (AI). One double-strength
tablet three times weekly is also effective (BI) [112]. TMP-SMX at a dose of one double-strength tablet
daily confers cross-protection against toxoplasmosis [113] and selected common respiratory bacterial
infections [109, 114]. Lower doses of TMP-SMX likely also confer such protection. For patients who
have an adverse reaction that is not life threatening, chemoprophylaxis with TMP-SMX should be
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continued if clinically feasible; for those who have discontinued such therapy because of an adverse
reaction, reinstituting TMP-SMX should be strongly considered after the adverse event has
resolved (AII). Patients who have experienced adverse events, including fever and rash, might
better tolerate reintroduction of the drug with a gradual increase in dose (i.e., desensitization),
according to published regimens (BI) [115, 116] or reintroduction of TMP-SMX at a reduced dose
or frequency (CIIT); as many as 70% of patients can tolerate such reinstitution of therapy [114].

If TMP-SMX cannot be tolerated, prophylactic regimens that can be recommended as alternatives
include dapsone (BI) [109], dapsone plus pyrimethamine plus leucovorin (BI) [117-119],
aerosolized pentamidine administered by the Respirgard II nebulizer (manufactured by Marquest,
Englewood, Colorado) (BI) [110], and atovaquone (BI) [120, 121]. Atovaquone is as effective as
aerosolized pentamidine [120] or dapsone (BI) [121] but is substantially more expensive than the
other regimens. For patients seropositive for Toxoplasma gondii who cannot tolerate TMP-SMX,
recommended alternatives to TMP-SMX for prophylaxis against both PCP and toxoplasmosis
include dapsone plus pyrimethamine plus leucovorin (BI) [117-119] or atovaquone with or without
pyrimethamine plus leucovorin (CIII).

Oral pyrimethamine plus sulfadoxine also has activity in preventing PCP (CIII) [122-124]. This
combination should not be used in patients with hypersensitivity to sulfonamides. Pyrimethamine plus
sulfadoxine has an increased risk of severe cutaneous reactions, including Stevens-Johnson syndrome
[125], and the long half-life of both pyrimethamine and sulfadoxine will result in a delayed clearance when
the drug is stopped. Largely because TMP-SMX has superior safety, widespread availability, and is
low cost, oral pyrimethamine plus sulfadoxine should rarely be used in the United States (CIII).

The following regimens cannot be recommended as alternatives because data regarding their efficacy for
PCP prophylaxis are insufficient to do so:

. aerosolized pentamidine administered by other nebulization devices
. intermittently administered parenteral pentamidine
. oral clindamycin plus primaquine

However, clinicians might consider using these agents in unusual situations in which the
recommended agents cannot be administered (CIII).

b) Discontinuing Primary Prophylaxis

Primary pneumocystis prophylaxis should be discontinued for adult and adolescent patients who
have responded to ART with an increase in CD4+ counts to >200 cells/pL for >3 months (AI). In
observational and randomized studies supporting this recommendation, the majority of patients were
taking antiretroviral regimens that included a protease inhibitor (PI), and the majority had a CD4+ count
of >200 cells/pL for >3 months before discontinuing PCP prophylaxis [88, 126-134]. The median CD4+
count at the time prophylaxis was discontinued was >300 cells/uL, most had a CD4+ cell percentage of
>14 %, and many patients had a sustained suppression of HIV plasma RNA levels below detection limits
of the assay employed. Median follow-up ranged from 6 to 19 months.

Discontinuing primary prophylaxis among these patients is recommended because prophylaxis adds
limited disease prevention (i.e., for PCP, toxoplasmosis, or bacterial infections) [127, 133] and because
discontinuing drugs reduces pill burden, potential for drug toxicity, drug interactions, selection of drug-
resistant pathogens, and cost.

Prophylaxis should be reintroduced if the CD4+ count decreases to <200 cells/uL (AIII).
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Treatment of Disease

TMP-SMX is the treatment of choice (AT) [135, 136]. The dose must be adjusted for abnormal renal
function. Multiple randomized clinical trials indicate that TMP-SMX is as effective as parenteral
pentamidine and more effective than other regimens. Adding leucovorin to prevent myelosuppression
during acute treatment is not recommended because of questionable efficacy and some evidence for
a higher failure rate (DII) [137]. Oral outpatient therapy of TMP-SMX is highly effective among
patients with mild-to-moderate disease (AI) [136].

Mutations associated with resistance to sulfa drugs have been documented, but their effect on clinical
outcome is uncertain [138-140]. Patients who have PCP despite TMP-SMX prophylaxis are usually
effectively treated with standard doses of TMP-SMX (BIII).

Patients with documented or suspected PCP and moderate-to-severe disease, as defined by room air
pO; <70 mm Hg or arterial-alveolar O, gradient >35 mm Hg, should receive adjunctive
corticosteroids as early as possible, and certainly within 72 hours after starting specific PCP
therapy (AI) [141-146]. If steroids are started at a later time, their benefits are unclear, although
the majority of clinicians would use them in such circumstances for patients with moderate-to-
severe disease (BIII). Methylprednisolone at 75% of the respective prednisone dose can be used if
parenteral administration is necessary.

Alternative therapeutic regimens for mild-to-moderate disease include (1) dapsone and TMP (BI)
[136, 147] (this regimen may have similar efficacy and fewer side effects than TMP-SMX but is less
convenient because of the number of pills), (2) primaquine plus clindamycin (BI) [148-150] (the
clindamycin component can be administered intravenously for more severe cases; however,
primaquine is only available orally), and (3) atovaquone suspension (BI) [135, 151] (this is less
effective than TMP-SMX for mild-to-moderate disease but has fewer side effects). Patients should be
tested for G6PD deficiency whenever possible prior to administration of primaquine. Alternative
therapeutic regimens for patients with moderate-to-severe disease include clindamycin-primaquine
or intravenous (IV) pentamidine (AI) [150, 152, 153] (generally the drug of second choice for severe
disease). Some clinicians prefer IV pentamidine because of convincing data regarding its high degree of
efficacy. Other clinicians prefer clindamycin-primaquine because this combination is better tolerated than
pentamidine, although data about efficacy are not as robust as the data supporting pentamidine.
Aerosolized pentamidine should not be used for the treatment of PCP because of limited efficacy
and more frequent relapse (DI) [152, 154, 155]. Trimetrexate is no longer available commercially.

The recommended duration of therapy for PCP is 21 days (AII) [91]. The probability and rate of
response to therapy depend on the agent used, number of previous PCP episodes, severity of illness,
degree of immunodeficiency, and timing of initiation of therapy.

Although the overall prognosis of patients whose degree of hypoxemia requires intensive care unit (ICU)
admission or mechanical ventilation remains poor, survival in up to 50% of patients requiring ventilatory
support has been reported in recent years [156-158]. Because long-term survival is possible for
patients in whom ART is effective, certain patients with AIDS and severe PCP should be offered
ICU admission or mechanical ventilation when appropriate (e.g., when they have reasonable
functional status) (AII).

Because of the potential for additive or synergistic toxicities associated with anti-PCP and
antiretroviral therapies, many health care providers delay initiation of ART until after the
completion of anti-PCP therapy, or until at least 2 weeks after initiating anti-PCP therapy, despite
some suggestion of potential benefit for early ART (CIII) [157, 159]. An IRIS is rare but has been
described for PCP [160] and might complicate the concurrent administration of anti-PCP treatment

and ART.
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Monitoring and Adverse Events, Including Immune Reconstitution Inflammatory Syndrome (IRIS)

Careful monitoring during therapy is important to evaluate response to treatment and to detect toxicity as
soon as possible. Follow-up after therapy includes assessment for early relapse, especially when therapy
has been with an agent other than TMP-SMX or was shortened for toxicity. PCP prophylaxis should be

initiated immediately upon completion of therapy and maintained until the CD4+ count is >200 cells/pL.

Adverse reaction rates among patients with AIDS are high for TMP-SMX (20%—-85%) [135, 136, 147,
149, 153, 161-165]. Common adverse effects are rash (30%—55%) (including Stevens-Johnson
syndrome), fever (30%—-40%), leukopenia (30%—40%), thrombocytopenia (15%), azotemia (1%—5%),
hepatitis (20%), and hyperkalemia. Supportive care for common adverse effects should be attempted
before discontinuing TMP-SMX (AIII). Rashes can often be "treated through" with antihistamines,
nausea can be controlled with antiemetics, and fever can be managed with antipyretics.

The most common adverse effects of alternative therapies include methemoglobinemia and hemolysis
with dapsone or primaquine (especially in those with G6PD deficiency); rash and fever with dapsone
[136, 147]; azotemia, pancreatitis, hypo- or hyperglycemia, leukopenia, electrolyte abnormalities, and
cardiac dysrhythmia with pentamidine [151-153, 164]; anemia, rash, fever, and diarrhea with primaquine
and clindamycin [136, 148, 149]; and headache, nausea, diarrhea, rash, and transaminase elevations with
atovaquone [135, 163].

IRIS has been reported following PCP. Most cases have occurred within weeks of the episode of PCP.
There are not enough reported cases to provide guidance on the optimal time to start ART following a
mild or severe case of PCP [166].

Management of Treatment Failure

Clinical failure is defined by the lack of improvement or worsening of respiratory function documented
by arterial blood gases (ABGs) after at least 4—8 days of anti-PCP treatment. Treatment failure attributed
to treatment-limiting toxicities occurs in up to one-third of patients [136]. Switching to another regimen
is the appropriate management for treatment-related toxicity (BII). Failure attributed to lack of drug
efficacy occurs in approximately 10% of those with mild-to-moderate disease. No convincing clinical
trials exist to base recommendations for the management of treatment failure attributed to lack of drug
efficacy. It is important to wait at least 4-8 days before switching therapy for lack of clinical
improvement (BIII). In the absence of corticosteroid therapy, early and reversible deterioration within
the first 3—5 days of therapy is typical, probably because of the inflammatory response caused by
antibiotic-induced lysis of organisms in the lung. Other concomitant infections must be excluded as a
cause for clinical failure [98, 99]; bronchoscopy with bronchoalveolar lavage should be strongly
considered to evaluate for this possibility, even if it was conducted before initiating therapy.

If TMP-SMX has failed or must be avoided for toxicity in moderate-to-severe disease, the common
practice is to use parenteral pentamidine or primaquine combined with clindamycin (BII) [149,
153, 165]. As noted above, trimetrexate is no longer available commercially. For mild disease,
atovaquone is a reasonable alternative (BII). Although one meta-analysis concluded that the
combination of clindamycin and primaquine might be the most effective regimen for salvage therapy
[150], no prospective clinical trials have evaluated the optimal approach to patients who fail therapy with
TMP-SMX.

Preventing Recurrence

Patients who have a history of PCP should be administered chemoprophylaxis for life (i.e.,
secondary prophylaxis or chronic maintenance therapy) with TMP-SMX unless immune
reconstitution occurs as a result of ART [167] (see the following recommendation) (Al). For patients
who are intolerant of TMP-SMX, alternatives are dapsone, dapsone combined with pyrimethamine,
atovaquone, or aerosolized pentamidine.
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Discontinuing Secondary Prophylaxis (Chronic Maintenance Therapy)

Secondary prophylaxis should be discontinued for adult and adolescent patients whose CD4+ count
has increased from <200 cells/pL to >200 cells/pL for >3 months as a result of ART (BII). Reports
from observational studies [126, 132, 168, 169] and from two randomized trials [133, 170], as well as a
combined analysis of eight European cohorts being followed prospectively [171], support this
recommendation. In these studies, patients had responded to ART with an increase in CD4+ counts to
>200 cells/uL for >3 months. The majority of patients were taking PI-containing regimens. The median
CD4+ count at the time prophylaxis was discontinued was >300 cells/uL and most had a CD4+ cell
percentage of >14%. The majority of patients had sustained suppression of plasma HIV RNA levels
below the detection limits of the assay employed; the longest follow-up was 40 months. If the episode of
PCP occurred at a CD4+ count of >200 cells/nL, continuing PCP prophylaxis for life, regardless of
how high the CD4+ count rises as a consequence of ART, is probably prudent (CIII); however, data
about the most appropriate approach in this setting are limited.

Discontinuing secondary prophylaxis for patients is recommended because prophylaxis adds limited
disease prevention (i.e., for PCP, toxoplasmosis, or bacterial infections) and because discontinuing drugs
reduces pill burden, potential for drug toxicity, drug interactions, selection of drug-resistant pathogens,
and cost.

Prophylaxis should be reintroduced if the CD4+ count decreases to <200 cells/pL (AILL). If PCP
recurs at a CD4+ count of >200 cells/pL, lifelong prophylaxis should be administered (CIII).

Special Considerations During Pregnancy

Diagnostic considerations during pregnancy are the same as for nonpregnant women. Indications for
therapy are the same as for nonpregnant women. The preferred initial therapy during pregnancy is
TMP-SMX, although alternate therapies can be used if patients are unable to tolerate or are
unresponsive to TMP-SMX [172] (AI). In case-control studies, trimethoprim has been associated with
an increased risk of neural tube defects and cardiovascular, urinary tract, and multiple anomalies after
first-trimester exposure [173-175]. Epidemiologic data suggest that folic acid supplementation may
reduce this risk [174, 175], but no controlled studies have been done. In a small study, an increased risk
of birth defects among infants born to women receiving antiretrovirals and folate antagonists, primarily
trimethoprim, was reported, while no increase was seen among those with either antiretroviral or folate
antagonist exposure alone [176]. While there may be a small increased risk of birth defects after
first-trimester exposure to trimethoprim, in the setting of maternal PCP, therapy with TMP-SMX
should be provided (AIII). While folic acid supplementation of 0.4 mg/day is routinely recommended
for all pregnant women [177], it is unclear if higher levels of supplementation, such as the 4 mg/day
recommended for pregnant women with a previous infant with a neural tube defect, would provide added
benefit in this situation. Follow up ultrasound to assess fetal anatomy at 1820 weeks is
recommended (BIII).

Neonatal care providers should be informed of maternal sulfa or dapsone therapy if used near delivery
because of the theoretical increased risk for hyperbilirubinemia and kernicterus [178].

Pentamidine is embryotoxic but not teratogenic among rats and rabbits [179]. Adjunctive corticosteroid
therapy should be used as indicated in nonpregnant adults [180-183] (AIII). Maternal fasting and
postprandial glucose levels should be monitored closely when corticosteroids are used in the third
trimester because the risk for glucose intolerance is increased.

Rates of preterm labor and preterm delivery are increased with pneumonia during pregnancy. Pregnant

women with pneumonia after 20 weeks of gestation should be monitored for evidence of
contractions (BII).
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Chemoprophylaxis for PCP should be administered to pregnant women as is done for other adults
and adolescents (AIIT). TMP-SMX is the recommended prophylactic agent; dapsone is an alternative.
Because of theoretical concerns regarding possible teratogenicity associated with drug exposures during
the first trimester, health care providers might choose to withhold prophylaxis during the first trimester.
In such cases, aerosolized pentamidine can be considered because of its lack of systemic absorption
and the resultant lack of exposure of the developing embryo to the drug (CIII).
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Toxoplasmic encephalitis (TE) is caused by the protozoan Toxoplasma gondii. Disease appears to occur
almost exclusively because of reactivation of latent tissue cysts [184-187]. Primary infection occasionally
is associated with acute cerebral or disseminated disease.

Epidemiology

Seroprevalence varies substantially among different communities (e.g., approximately 15% in the United
States and 50%—75% in certain European countries) [187, 188]. In the pre-ART era, for patients with
advanced immunosuppression who were seropositive for T. gondii and not receiving prophylaxis with
drugs active against T. gondii, the 12-month incidence of TE was approximately 33%. The incidence of
toxoplasmosis in patients who are seronegative for Toxoplasma is extremely low. If well-documented
cases did occur, they would presumably represent either primary infection, reactivation of latent disease
in patients unable to produce detectable antibody, or patients who were tested with insensitive assays. The
incidence and associated mortality in Europe and the United States have decreased substantially with the
initiation of ART and the broad use of prophylaxis regimens active against T. gondii [189, 190].

Clinical disease is rare among patients with CD4+ counts >200 cells/uL. The greatest risk is among
patients with a CD4+ count <50 cells/pL [184-186, 190]. Primary infection occurs after eating
undercooked meat containing tissue cysts or ingestion of oocysts that have been shed in cat feces and
have sporulated in the environment (sporulation requires at least 24 hours). No transmission of the
organism occurs by person-to-person contact.

Clinical Manifestations

The most common clinical presentation of T. gondii infection among patients with AIDS is focal
encephalitis with headache, confusion, or motor weakness and fever [184-186]. Physical examination
might demonstrate focal neurological abnormalities, and in the absence of treatment, disease progression
results in seizures, stupor, and coma. Retinochoroiditis, pneumonia, and evidence of other multifocal
organ system involvement can be seen after dissemination of infection but are rare manifestations in this
patient population. CT scan or MRI of the brain will typically show multiple contrast-enhancing lesions,
often with associated edema [184, 185, 191-193]. However, toxoplasmosis can manifest as single lesions
as well.

Diagnosis

HIV-infected patients with TE are almost uniformly seropositive for anti-toxoplasma immunoglobulin G
(IgG) antibodies [184-186, 194]. The absence of IgG antibody makes a diagnosis of toxoplasmosis
unlikely but not impossible. Anti-toxoplasma immunoglobulin M (IgM) antibodies are usually absent.
Quantitative antibody titers are not diagnostically useful.

Definitive diagnosis of TE requires a compatible clinical syndrome; identification of one or more mass
lesions by CT, MRI, or other radiographic testing; and detection of the organism in a clinical sample. For
TE, this requires a brain biopsy, which is most commonly performed by a stereotactic CT-guided needle
biopsy. Organisms are demonstrable with hematoxylin and eosin stains, although immunoperoxidase
staining by experienced laboratories might increase sensitivity [195]. Detection of T. gondii by
polymerase chain reaction (PCR) in cerebrospinal fluid (CSF) has produced disappointing results;
although specificity is high (96%—100%), sensitivity is low (50%) and the results usually are negative
once specific anti-toxoplasma therapy has been started [196, 197].

The differential diagnosis of focal neurological disease in patients with AIDS includes central nervous

system (CNS) lymphoma; mycobacterial infection (especially TB); fungal infection (e.g.,
cryptococcosis); Chagas disease; bacterial abscess; and rarely PML, which can be distinguished on the
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basis of imaging studies (PML lesions typically involve white matter rather than gray matter, are
noncontrast enhancing, and produce no mass effect).

Most clinicians rely initially on an empiric diagnosis that can be established as an objective response, on
the basis of clinical and radiographic improvement, to specific anti-T. gondii therapy in the absence of a
likely alternative diagnosis. Brain biopsy is reserved for patients failing to respond to specific therapy. In
patients with contrast-enhancing mass lesions, detection of Epstein-Barr virus (EBV) by PCR in CSF is
highly suggestive of CNS lymphoma [198, 199]. Positron emission tomography (PET) [192] or single-
photon emission computed tomography (SPECT) scanning [193] might be helpful for distinguishing
between TE and primary CNS lymphoma, but no imaging technique is completely specific.

Preventing Exposure

HIV-infected persons should be tested for IgG antibody to Toxoplasma soon after the diagnosis of
HIV infection to detect latent infection with T. gondii (BTII).

All HIV-infected persons, including those who lack IgG antibody to Toxoplasma, should be counseled
regarding sources of Toxoplasma infection. To minimize risk of acquiring toxoplasmosis, HIV-
infected persons should be advised not to eat raw or undercooked meat, including undercooked
lamb, beef, pork, or venison (BIII). Specifically, lamb, beef, venison, and pork should be cooked to an
internal temperature of 165°F—170°F [200]; meat cooked until it is no longer pink inside usually has an
internal temperature of 165°F—170°F and therefore, from a more practical perspective, satisfies this
requirement. To minimize the risk of acquiring toxoplasmosis, HIV-infected persons should wash
their hands after contact with raw meat and after gardening or other contact with soil; in addition,
they should wash fruits and vegetables well before eating them raw (BIII). If the patient owns a cat,
the litter box should be changed daily, preferably by an HIV-negative, nonpregnant person;
alternatively, patients should wash their hands thoroughly after changing the litter box (BIII).
Patients should be encouraged to keep their cats inside and not to adopt or handle stray cats (BIII).
Cats should be fed only canned or dried commercial food or well-cooked table food, not raw or
undercooked meats (BIII). Patients need not be advised to part with their cats or to have their cats
tested for toxoplasmosis (EII).

Preventing Disease

a) Initiating Primary Prophylaxis

Toxoplasma-seropositive patients who have a CD4+ count of <100 cells/uL should be administered
prophylaxis against TE (AII) [113]. The double-strength tablet daily dose of TMP-SMX
recommended as the preferred regimen for PCP prophylaxis is effective against TE as well and is
therefore recommended (AII) [113]. TMP-SMX, one double-strength tablet three times weekly, is
an alternative (BIII). If patients cannot tolerate TMP-SMX, the recommended alternative is
dapsone-pyrimethamine plus leucovorin, which is also effective against PCP (BI) [117-119].
Atovaquone with or without pyrimethamine/leucovorin can also be considered (CIII). Prophylactic
monotherapy with dapsone, pyrimethamine, azithromycin, or clarithromycin cannot be
recommended on the basis of available data (DII). Aerosolized pentamidine does not protect against
TE and is not recommended (EI) [109, 113].

Toxoplasma-seronegative persons who are not taking a PCP prophylactic regimen known to be
active against TE (e.g., aerosolized pentamidine) should be retested for IgG antibody to Toxoplasma
when their CD4+ counts decline to <100 cells/uL to determine whether they have seroconverted and
are therefore at risk of TE (CIII). Patients who have seroconverted should be administered
prophylaxis for TE as described previously (AII).
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b) Discontinuing Primary Prophylaxis

Prophylaxis against TE should be discontinued among adult and adolescent patients who have
responded to ART with an increase in CD4+ counts to >200 cells/uL for >3 months (AI). Multiple
observational studies [126, 132, 201] and two randomized trials [127, 202] have reported that primary
prophylaxis can be discontinued with minimal risk of developing TE among patients who have responded
to ART with an increase in CD4+ count from <200 cells/uL to >200 cells/uL for >3 months. In these
studies, the majority of patients were taking PI-containing regimens and the median CD4+ count at the
time prophylaxis was discontinued was >300 cells/uL. At the time prophylaxis was discontinued, many
patients had sustained suppression of plasma HIV RNA levels below the detection limits of available
assays; the median follow-up ranged from 7 to 22 months. Although patients with CD4+ counts of <100
cells/uL are at greatest risk of experiencing TE, the risk of TE occurring when the CD4+ count has
increased to 100-200 cells/pL has not been studied as rigorously as an increase to >200 cells/uL. Thus,
the recommendation specifies discontinuing prophylaxis after an increase to >200 cells/uL. Discontinuing
primary TE prophylaxis is recommended because prophylaxis adds limited disease prevention for
toxoplasmosis and because discontinuing drugs reduces pill burden, potential for drug toxicity, drug
interaction, selection of drug-resistant pathogens, and cost.

Prophylaxis for TE should be reintroduced if the CD4+ count decreases to <100-200 cells/pL
(AIID).

Treatment of Disease

The initial therapy of choice for TE consists of the combination of pyrimethamine plus sulfadiazine
plus leucovorin (AI) [203-206]. Pyrimethamine penetrates the brain parenchyma efficiently even in the
absence of inflammation [207]. Use of leucovorin reduces the likelihood of the hematologic toxicities
associated with pyrimethamine therapy [208, 209]. The preferred alternative regimen for patients
with TE who are unable to tolerate or who fail to respond to first-line therapy is pyrimethamine
plus clindamycin plus leucovorin (AI) [203, 204].

TMP-SMX was reported in a small (77 patients) randomized trial to be effective and better tolerated than
pyrimethamine-sulfadiazine [210]. On the basis of less in vitro activity and less experience with TMP-
SMX, treatment with this drug may be considered an option (BI). For patients who cannot take an
oral regimen, no well-studied options exist. No parenteral formulation of pyrimethamine exists; the only
widely available parenteral sulfonamide is the sulfamethoxazole component of TMP-SMX. Certain
specialists will treat severely ill patients initially requiring parenteral therapy for TE with
parenteral TMP-SMX (oral pyrimethamine could be considered in addition to IV TMP-SMX) or
oral pyrimethamine plus parenteral clindamycin (CIII).

The following regimens have activity in the treatment of TE in at least two nonrandomized,
uncontrolled trials, although their relative efficacy compared with the previous regimens is
unknown: atovaquone (with meals or oral nutritional supplements) plus either pyrimethamine plus
leucovorin or sulfadiazine or, for patients intolerant of both pyrimethamine and sulfadiazine, as a
single agent (BII) [211-214] (if atovaquone is used alone, it is important to be aware that there is a
high variability of absorption of the drug among different patients; plasma levels of >18.5 ng/mL
are associated with an improved response rate but measurements are not routinely available) [212-
214]; and azithromycin plus pyrimethamine plus leucovorin daily (BII) [215, 216].

The following regimens have been reported to have activity in the treatment of TE in small cohorts
of patients or in case reports of one or a few patients: clarithromycin plus pyrimethamine (CIII)
[217]; 5-fluorouracil plus clindamycin (CIIT) [218], dapsone plus pyrimethamine plus leucovorin
(CIII) [219]; and minocycline or doxycycline combined with either pyrimethamine plus leucovorin,
sulfadiazine, or clarithromycin (CIII) [220, 221]. Although the clarithromycin dose used in the only
published study was 1g twice a day, doses >500 mg have been associated with increased mortality in

16



Toxoplasma gondii Encephalitis

HIV-infected patients treated for disseminated MAC. Doses >500 mg twice a day should not be used
(DIID).

Acute therapy for TE should be continued for at least 6 weeks, if there is clinical and radiologic
improvement (BIT) [184-187]. Longer courses might be appropriate if clinical or radiologic disease is
extensive or response is incomplete at 6 weeks. CNS lesions must not have contrast enhancement on
CT/MRI. Adjunctive corticosteroids (e.g., dexamethasone) should be administered to patients with
TE when clinically indicated only for treatment of a mass effect associated with focal lesions or
associated edema (BIII). Because of the potential immunosuppressive effects of corticosteroids, they
should be discontinued as soon as clinically feasible. Patients receiving corticosteroids should be closely
monitored for the development of other Ols, including CMV retinitis and TB disease.

Anticonvulsants should be administered to patients with TE who have a history of seizures (AIII),
but should not be administered as prophylactics to all patients (DIII). Anticonvulsants, if
administered, should be continued at least through the period of acute therapy.

Monitoring and Adverse Events, Including Immune Reconstitution Inflammatory Syndrome (IRIS)

Changes in antibody titers are not useful for monitoring responses to therapy. Patients with TE should
be routinely monitored for adverse events and clinical and radiologic improvement (AIII).
Common pyrimethamine toxicities include rash, nausea, and bone marrow suppression
(neutropenia, anemia, and thrombocytopenia) that can often be reversed by increasing the dose of
leucovorin to 50-100 mg/day administered in divided doses (CIII).

Common sulfadiazine toxicities include rash, fever, leukopenia, hepatitis, nausea, vomiting, diarrhea, and
crystalluria. Common clindamycin toxicities include fever, rash, nausea, diarrhea (including
pseudomembranous colitis or diarrhea related to Clostridium difficile toxin), and hepatotoxicity. Common
TMP-SMX toxicities include rash, fever, leukopenia, thrombocytopenia, and hepatotoxicity. Drug
interactions between anticonvulsants and antiretroviral agents should be carefully evaluated and doses
adjusted according to established guidelines.

Several cases of neurologic disease have been attributed to immune reconstitution and toxoplasmosis, but
more data are needed to verify that such cases are in fact IRIS related to T. gondii [222].

Management of Treatment Failure

A brain biopsy, if not previously performed, should be strongly considered for patients who fail to
respond to initial therapy for TE (BII) as defined by clinical or radiologic deterioration during the
first week despite adequate therapy or lack of clinical improvement within 2 weeks. For those who
undergo brain biopsy and have confirmed histopathologic evidence of TE, a switch to an alternative
regimen as previously described should be considered (BIII). Recurrence of disease during secondary
maintenance therapy following an initial clinical and radiographic response is unusual if patients adhere
to their regimen.

Preventing Recurrence

Patients who have completed initial therapy for TE should be administered lifelong suppressive
therapy (i.e., secondary prophylaxis or chronic maintenance therapy) (AI) [203, 204] unless immune
reconstitution occurs as a consequence of ART (see the following recommendation). The combination of
pyrimethamine plus sulfadiazine plus leucovorin is highly effective as suppressive therapy for
patients with TE (AI) and provides protection against PCP (AIl). Although sulfadiazine is routinely
dosed as a four times a day regimen, a pharmacokinetic study suggests bioequivalence when using the same
total daily dose in a twice a day or four times a day regimen [223], and limited clinical experience suggests
that twice a day dosing is effective [224]. A commonly used regimen as suppressive therapy for
patients with TE who cannot tolerate sulfa drugs is pyrimethamine plus clindamycin (BI). Because
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of the high failure rate seen with lower doses [203], a dose of 600 mg clindamycin every 8 hours is
recommended (CIII). However, this regimen does not provide protection against PCP (AIl), and
thus an additional agent (e.g., aerosol pentamidine) must be used. Atovaquone with or without
pyrimethamine or sulfadiazine is also active against both TE and PCP (BII) but is substantially more
expensive [121]. A small uncontrolled study in patients who had been receiving ART for a median of 13
months suggested that TMP-SMX could be used as a suppressive regimen to reduce pill burden [225].

Discontinuing Secondary Prophylaxis (Chronic Maintenance Therapy)

Adult and adolescent patients receiving secondary prophylaxis (i.e., chronic maintenance therapy) for TE
are at low risk of recurrence of TE when they have successfully completed initial therapy for TE, remain
asymptomatic with regard to signs and symptoms of TE, and have a sustained increase in their CD4+
counts of >200 cells/uL after ART (e.g., >6 months) [132, 168, 202, 226]. Although the numbers of
patients who have been evaluated in observational studies and in one randomized clinical trial
remain limited, and occasional recurrences have been reported, on the basis of these observations
and inference from more extensive cumulative data indicating the safety of discontinuing secondary
prophylaxis for other OIs during advanced HIV disease, discontinuing chronic maintenance
therapy among such patients is a reasonable consideration (BI). Certain specialists would obtain a
magnetic resonance image of the brain as part of their evaluation to determine whether discontinuing
therapy is appropriate by assessing whether the brain lesions had resolved.

Secondary prophylaxis (chronic maintenance therapy) for TE should be reintroduced if the CD4+
count decreases to <200 cells/pL (AIII).

Special Considerations During Pregnancy

Documentation of maternal T. gondii serologic status should be obtained during pregnancy. Indications
for treatment of T. gondii during pregnancy should be based on confirmed or suspected symptomatic
disease in the mother. Pediatric care providers should be informed if the HIV-infected mother is
seropositive for T. gondii infection to allow evaluation of the neonate for evidence of congenital infection.
Pregnant HIV-infected women with suspected or confirmed primary T. gondii infection during
pregnancy should be managed in consultation with a maternal-fetal medicine or other appropriate
specialist (BIII) [227].

Treatment should be the same as in nonpregnant adults (BIII). Although pyrimethamine has been
associated with birth defects in animals, limited human data have not suggested an increased risk of
defects and, therefore, it can be administered to pregnant women [228-230]. Pediatric providers should be
notified if sulfadiazine is continued until delivery because its use might increase the risk of neonatal
hyperbilirubinemia and kernicterus [230].

Although perinatal transmission of T. gondii normally occurs only with acute infection in the
immunocompetent host, case reports have documented occurrences of transmission with reactivation of
chronic infection in HIV-infected women with severe immunosuppression [229, 231]. Pregnant, HIV-
infected women who have evidence of primary toxoplasmic infection or active toxoplasmosis,
including TE, should be evaluated and managed during pregnancy in consultation with appropriate
specialists (BIII). Because the risk of transmission with chronic infection appears low, routine evaluation
of the fetus for infection with amniocentesis or cordocentesis is not indicated. Detailed ultrasound
examination of the fetus specifically evaluating for hydrocephalus, cerebral calcifications, and growth
restriction should be done for HIV-infected women with suspected primary or symptomatic reactivation
of T. gondii during pregnancy.

TMP-SMX can be administered for primary prophylaxis against TE as described for PCP (AIII).
Secondary prophylaxis should be provided using the same indications as for nonpregnant individuals. The
risks of TMP-SMX in the first trimester, as discussed for PCP, must be balanced against the risk of
recurrent TE.
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Cryptosporidiosis

Epidemiology

Cryptosporidiosis is caused by various species of the protozoan parasite Cryptosporidium, which infect
the small bowel mucosa, and in immunosuppressed persons, the large bowel and extra-intestinal sites.
Persons at greatest risk of disease have advanced immunosuppression, typically CD4+ counts of <100
cells/uL [232]. The three most common species infecting humans are C. hominis, C. parvum, and C.
meleagridis. Infections are generally caused by one species but may be mixed [233].

In developed countries with low rates of environmental contamination where potent ART is widely
available, cryptosporidiosis occurs at an incidence rate of <1 per 100 person-years among persons with
AIDS. Infection occurs through ingestion of Cryptosporidium oocysts. Viable oocysts in feces can be
transmitted directly through contact with infected humans or animals, particularly those with diarrhea.
Oocysts can contaminate recreational water sources (e.g., swimming pools, lakes) as well as public water
supplies and may persist despite standard chlorination (see Appendix: Food and Water-Related
Exposures) [160]. Person-to-person transmission is common, especially among sexually active men who
have sex with men (MSM). Young children with cryptosporidial diarrhea may infect adults during
diapering and cleaning after defecation.

Clinical Manifestations

Cryptosporidiosis most commonly presents with acute or subacute onset of profuse, nonbloody, watery
diarrhea, accompanied often by nausea, vomiting, and lower abdominal cramping [234]. Fever is present
in approximately one-third of patients and malabsorption is common. The epithelium of the biliary tract
and the pancreatic duct can be infected with Cryptosporidium leading to sclerosing cholangitis and to
pancreatitis secondary to papillary stenosis, particularly among patients with prolonged disease and low
CD4+ counts [235-238]. Pulmonary infections have also been reported [239, 240].

Diagnosis

Cryptosporidium species can be cultivated in vitro, but not as a routine diagnostic procedure. Diagnosis of
cryptosporidiosis may be made by microscopic identification of the oocysts in stool or tissue. Acid-fast
staining methods, with or without stool concentration, are most frequently used in clinical laboratories.
Oocysts stain varying intensities of red with a modified acid-fast technique permitting their differentiation
from yeasts, which are of similar size and shape but are not acid fast. Cryptosporidium oocysts can also

be detected by direct immunofluorescence, which offers the greatest sensitivity and specificity, or by
enzyme-linked immunosorbent assays (ELISAs) [241]. Molecular methods such as PCR hold promise to
enhance sensitivity further. Cryptosporidial enteritis can also be diagnosed from small intestinal biopsy
sections. The organism, which appears basophilic with hematoxylin and eosin staining, occurs alone or in
clusters in various developmental stages on the brush border of the mucosal epithelial surfaces.

Among persons with profuse diarrheal illness, a single stool specimen is usually adequate for diagnosis.
Among persons with milder disease, repeat stool sampling is recommended, although no controlled
studies have demonstrated the utility of three consecutive stool samples as is the case in Giardia
duodenalis infection.

Preventing Exposure

HIV-infected persons should be educated and counseled concerning the different ways that
Cryptosporidium can be transmitted (BIIT). Modes of transmission include having direct contact with
infected adults, with diaper-aged children, and with infected animals; coming into contact with
contaminated water during recreational activities; drinking contaminated water; and eating contaminated
food.
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Scrupulous hand-washing can reduce the risk of diarrhea in HIV-infected persons, including diarrhea caused by
Cryptosporidium [242]. HIV-infected persons should be advised to wash their hands after potential contact
with human feces (including after diapering small children), after handling pets or other animals,
after gardening or other contact with soil, before preparing food, before eating, and before and after
sex (BIII). HIV-infected persons should avoid unprotected sexual practices that might result in oral
exposure to feces (e.g., anal sex, oral-anal contact) and should be advised to use barriers during sex to
reduce exposures when possible (e.g., condoms, dental dams) (BIII).

HIV-infected persons (particularly those with CD4+ counts < 200 cells/uL), should avoid direct contact
with diarrhea or stool from pets, particularly dogs and cats under the age of 6 months or stray pets (BIII).
Gloves should be worn when handling feces or cleaning areas that may have been contaminated by feces
from pets (BIII). HIV-infected persons should limit or avoid direct exposure to calves and lambs (e.g.,
farms, petting zoos) (BII). Attention to hygiene and avoiding direct contact with stool are important when
visiting premises where these animals are raised.

HIV-infected persons should not drink water directly from lakes or rivers (AIIl). Waterborne infection
can also result from swallowing water during recreational activities. HIV-infected persons should be aware
that lakes, rivers, and salt-water beaches and some swimming pools, recreational water parks, and ornamental
water fountains might be contaminated with human or animal waste that contains Cryptosporidium. They
should avoid swimming in water that is likely to be contaminated and should avoid swallowing
water while swimming or playing in recreational waters (BILI).

Outbreaks of cryptosporidiosis have been linked to consuming water from municipal water supplies. During
outbreaks or in other situations in which a community advisory to boil water is issued, boiling water
for at least 3 minutes will eliminate the risk of cryptosporidiosis (AIlI). Using submicron personal-use
water filters” (home/office types) or bottled water® may also reduce the risk of infection from municipal
and well water (CIII).

The magnitude of the risk of acquiring cryptosporidiosis from drinking water in a non-outbreak setting is
uncertain, and available data are inadequate to recommend that all HIV-infected persons boil water or avoid
drinking tap water in non-outbreak settings. However, HIV-infected persons who wish to take independent
action to reduce the risk of waterborne cryptosporidiosis may choose to take precautions similar to those
recommended during outbreaks. Persons who opt for a personal-use filter or bottled water should be aware
of the complexities involved in selecting appropriate products, the lack of enforceable standards for the
destruction or removal of oocysts, costs of the products, and the logistic difficulty of using these products
consistently.

Persons who take precautions to avoid acquiring cryptosporidiosis from drinking water should be advised
that ice made from contaminated tap water can also be a source of infection. Such persons also should be aware
that fountain beverages served in restaurants, bars, theaters, and other places also might pose a risk because
these beverages, as well as the ice they contain, are usually made from tap water. Nationally distributed
brands of bottled or canned carbonated soft drinks are safe to drink. Commercially packaged noncarbonated soft
drinks and fruit juices that do not require refrigeration until after they are opened (i.e., can be stored
unrefrigerated on grocery shelves) are also safe. Nationally distributed brands of frozen fruit juice concentrate
are safe if they are reconstituted by the user with water from a safe water source. Fruit juices that must be kept
refrigerated from the time they are processed to the time of consumption might be either fresh (i.e.,
unpasteurized) or heat-treated (i.e., pasteurized); only those juices labeled as pasteurized should be
considered free of risk from Cryptosporidium. Other pasteurized beverages and beers also are considered safe
to drink.

HIV-infected persons should avoid eating raw oysters because cryptosporidial oocysts can survive in
oysters for >2 months and have been found in oysters taken from certain commercial oyster beds

(BIII).

20



Cryptosporidiosis

In a hospital, standard precautions (i.e., use of gloves and hand-washing after removal of gloves)
should be sufficient to prevent transmission of cryptosporidiosis from an infected patient to a
susceptible HIV-infected person (BIII). However, because of the potential for fomite transmission, some
specialists recommend that HIV-infected persons, specifically persons who are severely
immunocompromised, should not share a room with a patient with cryptosporidiosis (CIII).

If HIV-infected persons travel in developing countries, they should be warned to avoid drinking tap
water or using tap water to brush their teeth (BIII). Ice that is not made from bottled water should also
be avoided. Raw fruits or vegetables that may have been washed in tap water should also be avoided
(BIII). HIV-infected persons should also avoid other sources of Cryptosporidium oocytes as much as
possible (BIII). These include working directly with people with diarrhea; with farm animals, cattle, and
sheep; and with domestic pets that are very young or have diarrhea. If exposure is unavoidable, then the use
of gloves and good hand hygiene is warranted.

Preventing Disease

Because chronic cryptosporidiosis occurs primarily in persons with advanced immunodeficiency,
appropriate initiation of ART before the patient becomes severely immunosuppressed should prevent
this disease (AIII). Rifabutin or clarithromycin, when taken for MAC prophylaxis, have been found to
protect against cryptosporidiosis [243, 244]. However, data are insufficient to warrant a recommendation
for using rifabutin or clarithromycin as chemoprophylaxis for cryptosporidiosis.

Treatment of Disease

In the setting of severe immunosuppression, ART with immune restoration to a CD4+ count >100
cells/uL leads to resolution of clinical cryptosporidiosis [46, 245] and is the mainstay of treatment.
Therefore, all patients with cryptosporidiosis should be offered ART as part of the initial
management of their infection (AII). Management should include symptomatic treatment of
diarrhea (AIII). Rehydration and repletion of electrolyte losses by either the oral or IV route are
important. Severe diarrhea can exceed >10 L/day among patients with AIDS, often requiring intensive
support. Aggressive efforts at oral rehydration should be made with oral rehydration solutions
(AIID).

Multiple agents have been investigated in small randomized controlled clinical trials of HIV-infected
adults, including nitazoxanide, paromomycin, spiramycin, bovine hyperimmune colostrum, and bovine
dialyzable leukocyte extract. No pharmacologic or immunologic therapy directed specifically against C.
parvum has been shown to be consistently effective when used without ART [246, 247].

Nitazoxanide is an orally administered nitrothiazole benzamide with in vivo activity against a broad range
of helminths, bacteria, and protozoa [248-250]. It has been FDA approved for treatment of C. parvum in
children and adults. When given for 3 days at 500 mg twice daily to HIV-uninfected adults with
cryptosporidiosis, nitazoxanide resulted in higher rates of diarrhea resolution and oocyst-free stools than
placebo [248]. HIV-infected adults with cryptosporidiosis with CD4+ >50 cells/uL treated with 500—
1,000 mg twice daily of nitazoxanide for 14 days experienced significantly higher rates of parasitological
cure and resolution of diarrhea than persons receiving placebo treatment [249]. Data from a
compassionate use program prior to the advent of combination ART, which included primarily white
male adults with a median CD4+ count <50 cells/uL, reported that a majority of patients experienced
some degree of clinical response (reduction in frequency of total stool and of liquid stools), usually within
the first week of treatment [251]. Adverse events associated with nitazoxanide are few and generally
mild, and no important drug-drug interactions have been reported. In light of the clinical
significance of cryptosporidiosis, a trial of nitazoxanide in conjunction with ART, but never instead
of ART, may be considered (CIII).

Paromomycin is a nonabsorbable aminoglycoside indicated for the treatment of intestinal amebiasis but
not specifically approved for cryptosporidiosis. It is effective in high doses for the treatment of
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cryptosporidiosis in animal models [252]. A meta-analysis of 11 published studies of paromomycin in
humans reported a response rate of 67%; however, relapses were common in some reports, with long-
term success rates of only 33%. A Cochrane review and a meta-analysis of the two randomized controlled
trials comparing paromomycin with placebo among patients with AIDS found the drug was no more
effective than placebo at reducing diarrheal frequency or parasite burden [246, 247, 253, 254]. In
individuals with CD4+ counts <100 cells/uL, a significant clinical response to paromomycin is rare.
Therefore, data do not support a recommendation for the use of paromomycin for
cryptosporidiosis (DII).

Treatment with antimotility agents (e.g., loperamide, tincture of opium) can palliate symptoms by
reducing diarrheal frequency and volume, but these agents are not consistently effective (BIII).
Octreotide, a synthetic octapeptide analog of naturally occurring somatostatin that is approved for
the treatment of secreting tumor-induced diarrhea, is no more effective than other oral
antidiarrheal agents and is generally not recommended (DII) [250].

Monitoring and Adverse Events, Including Immune Reconstitution Inflammatory Syndrome (IRIS)

Patients should be closely monitored for signs and symptoms of volume depletion, electrolyte and weight
loss, and malnutrition. Total parenteral nutrition might be indicated in certain patients (CIII).

An IRIS has not been described in association with treatment of cryptosporidiosis.

Management of Treatment Failure

Supportive treatment and optimizing ART to achieve full virologic suppression are the only feasible
approaches to the management of treatment failure (AIII).

Preventing Recurrence

No pharmacologic interventions are known to be effective in preventing the recurrence of cryptosporidiosis.

Special Considerations During Pregnancy

As with nonpregnant woman, initial treatment efforts should rely on rehydration and initiation of
ART (AIl). Pregnancy should not preclude the use of ART. Nitazoxanide is not teratogenic in animals
but there are no human data on use in pregnancy. Nitazoxanide may be used in pregnancy after the
first trimester in severely symptomatic pregnant women (CIII).

1 Only filters capable of removing particles 1 pm in diameter should be considered. Filters that provide
the greatest assurance of oocyst removal include those that operate by reverse osmosis, those labeled as
absolute 1-um filters, and those labeled as meeting National Sanitation Foundation (NSF) Standard No.
53 for cyst removal. The nominal 1-pum filter rating is not standardized, and filters in this category
might not be capable of removing 99% of oocysts. For a list of filters certified as meeting NSF standards,
consult the International Consumer Line at 800-673-8010 or http://www.nsf.org/notice/crypto.html.

§ Sources of bottled water (e.g., wells, springs, municipal tap water supplies, rivers, and lakes) and
methods for its disinfection differ; therefore, all brands should not be presumed to be cryptosporidial
oocyst free. Water from wells and springs is much less likely to be contaminated by oocysts than water
from rivers or lakes. Treatment of bottled water by distillation or reverse osmosis ensures oocyst
removal. Water passed through an absolute 1-um filter or a filter labeled as meeting NSF Standard No.
53 for cyst removal before bottling will provide approximately the same level of protection. Use of
nominal 1-pum filters by bottlers as the only barrier to Cryptosporidia might not result in the removal
0f 99% of oocysts. For more information, the International Bottled Water Association can be contacted
at 703-683-5213 or at http://www.bottled water.org.
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Microsporidiosis
Microsporidiosis

Epidemiology

Microsporidia are protists related to fungi, defined by the presence of a unique invasive organelle
consisting of a single polar tube that coils around the interior of the spore [255, 256]. They are ubiquitous
organisms and are likely zoonotic and/or waterborne in origin [257, 258]. The microsporidia reported as
pathogens in humans include Encephalitozoon cuniculi, Encephalitozoon hellem, Encephalitozoon (syn
Septata) intestinalis, Enterocytozoon bieneusi, Trachipleistophora hominis, Trachipleistophora
anthropophthera, Pleistophora species, P. ronneafiei, Vittaforma (syn Nosema) corneae, Microsporidium
sp., Nosema ocularum, Anncaliia (syns Brachiola/Nosema) connori, Anncaliia (syn Brachiola)
vesicularum, and Anncaliia (syns Brachiola/Nosema) algerae [255-257, 259-262]. In the pre-ART era,
reported prevalence rates of microsporidiosis varied between 2% and 70% among HIV-infected patients
with diarrhea, depending on the diagnostic techniques employed and the patient population described
[255-257, 259]. The incidence of microsporidiosis has declined dramatically with the widespread use of
effective ART, but is still being detected in HIV-infected individuals unable to access or continue with
ART. Among non-HIV-infected individuals, microsporidiosis is being increasingly recognized in
children, travelers, organ transplant recipients, and the elderly. In the immunosuppressed host, clinical
signs related to microsporidiosis are most commonly observed when the CD4+ count is <100 cells/uL
[255-257, 259].

Clinical Manifestations

The most common manifestation of microsporidiosis is gastrointestinal tract infection with diarrhea;
however, encephalitis, ocular infection, sinusitis, myositis, and disseminated infection are also described
[255-257, 259].

Clinical syndromes can vary by infecting species. E. bieneusi is associated with malabsorption, diarrhea,
and cholangitis. E. cuniculi is associated with hepatitis, encephalitis, and disseminated disease. E.
intestinalis is associated with diarrhea, disseminated infection, and superficial keratoconjunctivitis. E.
hellem is associated with superficial keratoconjunctivitis, sinusitis, respiratory disease, prostatic
abscesses, and disseminated infection. Nosema, Vittaforma, and Microsporidium are associated with
stromal keratitis following trauma in immunocompetent hosts. Pleistophora, Anncaliia, and
Trachipleistophora are associated with myositis. Trachipleistophora is associated with encephalitis and
disseminated disease.

Diagnosis

Although microsporidia belonging to the genera Encephalitozoon, Anncaliia, Vittaforma, and
Trachipleistophora have been cultivated in vitro, E. bieneusi has not been successfully cultivated in vitro.
Effective morphologic demonstration of microsporidia by light microscopy can be accomplished by
staining methods that produce differential contrast between the spores of the microsporidia and the cells
and debris in clinical samples (e.g., stool). In addition, because of the small size of the spores (1-5 mm),
adequate magnification (e.g., 1,000X) is required for visualization. Chromotrope 2R, calcofluor white (a
fluorescent brightener), and Uvitex 2B (a fluorescent brightener) are useful as selective stains for
microsporidia in stool and other body fluids [262].

In biopsy specimens, microsporidia can be visualized with Giemsa, tissue Gram stains (Brown-Hopps
Gram stain), calcofluor white or Uvitex 2B (fluorescent brighteners) staining, Warthin-Starry silver
staining, hematoxylin and eosin, or Chromotrope 2A [262]. In gastrointestinal disease, examination of
three stools with chromotrope and chemofluorescent stains is often sufficient for diagnosis. If stool
examination is negative and microsporidiosis is suspected, a small bowel biopsy should be performed. If
the etiologic agent is Encephalitozoon or Trachipleistophora spp., examination of urine often reveals the
organism. Determination of the species of microsporidia causing disease can be made by the morphology
of the organism demonstrated by transmission electron microscopy, by staining with species-specific
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antibodies, or by PCR using species- or genus-specific primers [262]. Assistance of specialists familiar
with the species differentiation of microsporidia should be sought.

Preventing Exposure

Patients with AIDS (e.g., CD4+ count <200 cells/pL) should avoid untreated water sources (AIII).
Otherwise, other than general attention to hand-washing and other personal hygiene measures, no
precautions to reduce exposure to microsporidia can be recommended.

Preventing Disease

No chemoprophylactic regimens are known to be effective in preventing microsporidiosis.

Treatment of Disease

ART with immune restoration (an increase of CD4+ count to >100 cells/uL) is associated with resolution
of symptoms of enteric microsporidiosis, including that caused by E. bieneusi [245, 263-265]. All
patients should be offered ART as part of the initial management of microsporidial infection (AII).
Data suggest that following successful ART, immune reconstitution occurs and enables the patient’s own
defenses to eradicate microsporidia [245, 264].

No specific therapeutic agent is available for E. bieneusi infection. A controlled clinical trial
suggested that E. bieneusi might respond to oral fumagillin (60 mg/day), a water-insoluble
antibiotic made by Aspergillus fumigatus (BII) [266, 267], or to its synthetic analog TNP-470 (BIII)
[268]. However, fumagillin and TNP-470 are not available for systemic use in the United States. One
report indicated that treatment with nitazoxanide for 60 days might resolve chronic diarrhea caused by E.
bieneusi in the absence of ART [269]; however, the effect appeared to be minimal among patients with
low CD4+ counts. Therefore, this drug cannot be recommended with confidence (CIII).

Albendazole, a benzimidazole that binds to B-tubulin, has activity against many species of microsporidia,
but it is not effective against Enterocytozoon infections or V. corneae. The tubulin genes of both E.
bieneusi [270] and V. corneae [271] have amino acid residues associated with albendazole resistance.
Therefore, albendazole is recommended for initial therapy of intestinal and disseminated
microsporidiosis caused by microsporidia other than E. bieneusi and V. corneae (AIl) [272-274].

Itraconazole might be useful in disseminated disease when combined with albendazole, especially in
infections caused by Trachipleistophora or Anncaliia (CIII).

Ocular infections caused by microsporidia should be treated with topical Fumidil B (fumagillin
bicylohexylammonium) in saline (to achieve a concentration of 70 pg/mL of fumagillin) (BIT) [273].
Topical fumagillin is the only formulation available for treatment in the United States and is
investigational. Although clearance of microsporidia from the eye can be demonstrated, the organism
often is still present systemically and can be detected in the urine or in nasal smears. Therefore, the use
of albendazole as a companion systemic agent to fumagillin is recommended in ocular infections
(BIII).

Metronidazole and atovaquone are not active in vitro or in animal models and should not be used to
treat microsporidiosis (DII). Fluid support should be offered if diarrhea has resulted in
dehydration (AILI). Malnutrition and wasting should be treated with nutritional supplementation
(AIID). Antimotility agents can be used if required for diarrhea control (BIII).

Monitoring and Adverse Events, Including Immune Reconstitution Inflammatory Syndrome (IRIS)

Albendazole side effects are rare but hypersensitivity (rash, pruritis, fever), neutropenia (reversible), CNS
effects (dizziness, headache), gastrointestinal disturbances (abdominal pain, diarrhea, nausea, vomiting),
hair loss (reversible), and elevated hepatic enzymes (reversible) have been reported. Albendazole is not
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carcinogenic or mutagenic. Topical fumagillin has not been associated with substantial side effects. Oral
fumagillin has been associated with thrombocytopenia, which is reversible on stopping the drug.

An IRIS has not been described in association with treatment for E. bieneusi or non-E. bieneusi
microsporidiosis.

Management of Treatment Failure

Supportive treatment and optimizing ART to attempt to achieve full virologic suppression are the
only feasible approaches to the management of treatment failure (AIII).

Preventing Recurrence

Treatment for ocular microsporidiosis should be continued indefinitely because recurrence or
relapse might follow treatment discontinuation (BIII). Whether treatment of other manifestations
can be safely discontinued after immune restoration with ART is unknown, although it is
reasonable, on the basis of the experience with discontinuation of secondary prophylaxis (chronic
maintenance therapy) for other Ols during advanced HIV disease, to discontinue chronic
maintenance therapy if patients remain asymptomatic with regard to signs and symptoms of
microsporidiosis and have a sustained (e.g., >6 months) increase in their CD4+ counts to levels >200
cells/uL after ART (BIII) [245].

Special Considerations During Pregnancy

The primary approach to treatment of microsporidiosis in pregnancy should be initiation of ART to
restore immune function. Among animals (i.e., rats and rabbits), albendazole is embryotoxic and
teratogenic at dosages of 20 mg/kg body weight. Therefore, albendazole is not recommended for use
among pregnant women (DIII). However, well-controlled studies in human pregnancy have not been
performed. Systemic fumagillin has been associated with increased resorption and growth retardation in
rats. No data on use in human pregnancy are available. However, because of the antiangiogenic effect
of fumagillin, this drug should not be used among pregnant women (EIII). Topical fumagillin has
not been associated with embryotoxic or teratogenic effects among pregnant women and might be
considered when therapy with this agent is appropriate (CIII).
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Epidemiology

The World Health Organization (WHO) estimates that TB is the cause of death for 13% of persons with
AIDS [275]. TB infection occurs when a susceptible person inhales droplet nuclei containing
Mycobacterium tuberculosis organisms, generated when persons with pulmonary or laryngeal TB disease
cough, sneeze, shout, or sing [276]. Usually within 2—12 weeks after infection, the immune response
limits multiplication of tubercle bacilli. However, viable bacilli persist for years, a condition referred to as
latent TB infection (LTBI). Persons with LTBI are asymptomatic and are not infectious. TB disease can
develop immediately after exposure (primary disease) or after reactivation of LTBI (reactivation disease).
Primary disease accounts for one-third or more of cases of TB disease in HIV-infected populations [277].

Overall case rates of TB in the United States are declining, with 4.6 new cases of TB disease per 100,000
population (a total of 13,767 cases) reported in 2006 [278] and an estimated 4.0% prevalence of LTBI in
the general population [279]. Similarly, health care-associated outbreaks of TB are now uncommon in the
United States due in part to improved public health and hospital TB control programs [280]. The
percentage of TB cases with known HIV infection also decreased from 15.0% in 2003 to 12.4% in 2006,
although the percentage of TB cases with unknown HIV status increased from 28.7% in 2005 to 31.7% in
2006 [281], which might reflect either a lack of HIV testing or incomplete reporting of HIV test results
[278].

In general, persons with LTBI have an estimated annual risk of developing active TB of 12.9 per 1,000
person-years of observation. In contrast, rates of progression to active TB among HIV-infected persons
have ranged from 35 to 162 per 1,000 person-years of observation [282-284]. Unlike other AIDS-related
Ols, CD4+ count is not a reliable predictor of increased risk of TB disease in HIV-infected persons. In
TB-endemic areas, patients have relatively high CD4+ counts at the time HIV-related TB disease
develops. As with HIV-uninfected individuals, HIV-infected persons who live or work in high-risk
congregate settings such as correctional facilities, health care facilities, drug treatment units, or homeless
shelters have increased risk of acquiring TB.

Clinical Manifestations

Persons with LTBI by definition are asymptomatic. Among HIV-infected individuals, the presentation of
active TB disease is heavily influenced by the degree of immunodeficiency [285, 286]. In addition, early
after initiating ART in severely immunosuppressed patients, previously unrecognized subclinical TB can
be unmasked by reconstitution of the immune system [287, 288].

In HIV-infected patients without pronounced immunodeficiency (e.g., CD4+ count >350 cells/uL), HIV-
related TB clinically resembles TB among HIV-uninfected persons. The majority of patients have disease
limited to the lungs, and common chest radiographic manifestations include upper lobe fibronodular
infiltrates with or without cavitation [289]. However, extrapulmonary disease is more common in HIV-
infected persons than in HIV-uninfected persons, regardless of CD4+ counts, although clinical
manifestations are not substantially different from those described in HIV-uninfected persons. TB must be
ruled out in diseases of every organ [290] but especially for CNS or meningeal symptoms where early TB
treatment is essential to improve outcomes [291, 292].

In advanced HIV disease, the chest radiographic findings of pulmonary TB are markedly different
compared with those among patients with less severe immunosuppression. Lower lobe, middle lobe,
interstitial, and miliary infiltrates are common and cavitation is less common [285, 289, 293]. Marked
mediastinal lymphadenopathy can also be found. Even with normal chest radiographs, patients with HIV
infection and pulmonary TB may have acid fast bacilli (AFB)-positive sputum smear and culture results.
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With increasing degrees of immunodeficiency, extrapulmonary TB (e.g., lymphadenitis, pleuritis,
pericarditis, and meningitis), with or without pulmonary involvement, is more common, found in the
majority of patients with CD4+ counts <200 cells/uL. Among such patients, TB can be a severe systemic
disease with high fevers, rapid progression, and sepsis syndrome.

Histopathological findings are also affected by the degree of immunodeficiency. Patients with relatively
intact immune function have typical granulomatous inflammation associated with TB disease. With
progressive immunodeficiency, granulomas become poorly formed or can be completely absent [286].

In severely immunodeficient patients with a high mycobacterial load, TB disease may be subclinical or
oligo-symptomatic. Following initiation of ART, immune reconstitution may unmask active TB, resulting
in pronounced inflammatory reactions at the sites of infection [294-298]. This type of IRIS can manifest
as early as 7 days after starting ART. Signs and symptoms include fever; weight loss; and signs of local
inflammatory reactions such as lymphadenitis, pulmonary consolidation, infiltrates, nodules, and
effusions. Histologically, a vigorous granulomatous reaction, with or without caseation, but with
suppuration, necrotising inflammation, and AFB may be seen; culture results are positive for

M. tuberculosis.

Diagnosis

a) Diagnosis of Latent Tuberculosis Infection (LTBI)

All persons should be tested for LTBI at the time of their HIV diagnosis regardless of their TB risk
category (AII). Persons with negative diagnostic tests for LTBI, advanced HIV infection (CD4+
count <200 cells/uL), and without indications for initiating empiric LTBI treatment should be re-
tested for LTBI once they start ART and attain a CD4+ count >200 cells/uL (AIII). In general,
annual testing for LTBI is recommended for HIV-infected persons who are or remain in a “high-
risk” category for repeated or ongoing exposure to individuals with active TB, i.e., persons who are
or have been incarcerated, live in congregate settings, are active drug users, or have other
sociodemographic risk factors for TB (AIII). All HIV-infected persons with a positive diagnostic
test for LTBI should undergo chest radiography and clinical evaluation to rule out active TB (AI).

Diagnosis of LTBI can be accomplished with one of two approaches. The tuberculin skin test (TST),
placed by the Mantoux method, is considered positive in HIV-infected persons if induration of >5 mm is
demonstrated 48—72 hours after the intradermal placement of 0.1 mL purified protein derivative (PPD).
Recently, new in vitro assays that detect IFN-y release in response to M. tuberculosis-specific peptides
have been developed for diagnosing LTBI [299]. Given the high risk of progression to active disease in
HIV-infected persons, any HIV-infected person with reactivity on any of the current LTBI diagnostic
tests should be considered infected with M. tuberculosis (see Figure 1).

27



Mycobacterium tuberculosis Infection and Disease

Figure 1. Schema for the Diagnosis of Tuberculosis — adapted from reference [300]
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Current evidence suggests that the IGRAs have more consistent and higher specificity (92%—97%)
compared to TST (56%-95%), better correlation with surrogate measures of exposure to M. tuberculosis,
and less cross reactivity due to Bacillus Calmette-Guérin (BCG) vaccination or other nontuberculous
mycobacteria exposure than the TST [299, 301]. Two of these, the QuantiFERON-TB Gold and the
QuantiFERON-TB Gold In-Tube (Cellestis Limited) are FDA approved and available in the United
States, whereas the T-SPOT.TB assay (Oxford Immunotec) is awaiting final FDA approval (See Table
A). For both the TST and IGRAs, however, advanced immunosuppression due to HIV may be associated
with false-negative results [302]. The frequency of false-negative and indeterminate IGRA results
increases in parallel with advancing immunodeficiency [303, 304].

Results from comparative studies of TST and IGRAs in HIV-infected patients indicate that concordance
between the tests is not complete [305, 306]. Clearly, the TST remains useful for diagnosing LTBI,
particularly in non-BCG-vaccinated patients and in cost-constrained settings. The optimal application of
IGRAs in HIV-infected persons will be better defined when the results of ongoing studies become
available [301]. A possible use of IGRAs may be to verify a positive TST in a BCG-vaccinated person
with low pretest probability or in combination with TST to improve sensitivity and specificity for
detection of LTBI [301].
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Table A. Comparative Characteristics of TST with IGRAs

Mycobacterium tuberculosis Infection and Disease

Performance and Operational Characteristics

Estimated sensitivity (in patients with active TB)

Estimated specificity (in healthy persons with no known
TB disease/exposure)

Cross reactivity with BCG

Cross reactivity with nontuberculous mycobacteria

Association between test positivity and subsequent risk
of active TB during follow-up

Correlation with M. tuberculosis exposure

Benefits of treating test positives (based on randomized
controlled trials)

Reliability (reproducibility)
Inter-reader variability

Boosting phenomenon

Potential for conversions and reversions
Adverse reactions

Patient visits to complete testing protocol
Material costs

Sample processing and assay complexity

Laboratory infrastructure required

Time to obtain a result

Trained personnel required

TST

~70%

(lower in
immunocompromised
populations)
56%—95% (affected
by BCG-vaccinated:

low when BCG given
after infancy)

Yes

Yes

Moderate-to-strong
positive association

Yes

Yes

Moderate

Yes

Yes
Yes
Yes
Two
Low
NA

No

48-72 hours

Yes

RD1 based IFN-y assay

QFT-Gold

76%—-80%
(inadequate data in
immunocompromised
populations)

97%

(not affected by
BCG vaccination)

No

Less likely

Insufficient
Evidence

Yes
(correlated better with
exposure than TST in

some head-to-head
comparisons)

No evidence

Limited evidence but
may be high

One
Moderate
Moderate

Yes

24-48 hours,
longer if assays
batched

Yes

T-SPOT.TB

87%—-88%

92%

(not affected by
BCG vaccination)

No

Less likely

Insufficient
evidence
Yes
(correlated better

with exposure than
TST in some head-

to-head

comparisons)

No evidence

Limited evidence
but may be high
Variation in
counting spots (if
read manually)

One
High
High
Yes

24-48 hours,
longer if assays
batched

Yes

Definition of abbreviations: BCG = bacillus Calmette-Guerin; TB = tuberculosis; TST = tuberculin skin test.
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Fibrotic lesions consistent with TB may be incidentally noted on a chest radiograph obtained for other
reasons. Persons with fibrotic lesions should undergo diagnostic testing for LTBI and be evaluated for
active disease. Unless there is a known history of prior adequate treatment for active TB, sputum samples
for AFB smear and culture should be obtained even if the patient is asymptomatic. HIV-infected persons
with CD4+ counts <200 cells/uL who have fibrotic lesions consistent with TB on a chest radiograph and
no prior history of treatment should be considered as having M. tuberculosis infection irrespective of the
results of LTBI diagnostic tests. In situations where there is moderate-to-high suspicion of active TB
regardless of the results of LTBI tests, empiric treatment for active TB should be initiated while
awaiting the results of further diagnostic tests (AII).

b) Diagnosis of Active Tuberculosis

The evaluation of suspected HIV-related TB should include a chest radiograph regardless of the possible
anatomic site of disease. Sputum samples for AFB smear and culture should be obtained from patients
with pulmonary symptoms and chest radiographic abnormalities. A normal chest radiograph does not
exclude the possibility of active TB and when suspicion for disease is high, sputum samples should still
be obtained [289, 307]. Obtaining three unique specimens, preferably in the morning of different days,
increases the yield for both smear and culture [308]. TST and IGRAs should not be relied upon for the
diagnosis of TB disease. Up to a quarter of HIV-infected persons with pulmonary TB disease have false-
negative results [301].

HIV serostatus does not affect the yield from sputum smear and culture examinations; positive smear
results are more common in cavitary pulmonary disease [309]. The yield of AFB smear and culture of
specimens from extrapulmonary sites is higher among patients with advanced immunodeficiency
compared with HIV-uninfected adults [310-312]. Nucleic acid amplification (NAA) tests, also called
“direct amplification tests,” can be directly applied to clinical specimens such as sputum and are helpful
for the evaluation of persons with a positive AFB smear. A positive NAA result in an AFB smear-positive
patient very likely reflects active TB. In persons with AFB smear-negative sputum or extrapulmonary
disease, however, NAA tests have lower sensitivity and negative predictive value and should be used and
interpreted with caution [299].

For patients with signs of extrapulmonary TB, needle aspiration or tissue biopsy of skin lesions, lymph
nodes, or pleural or pericardial fluid should be performed. Mycobacterial blood cultures may be helpful
for patients with signs of disseminated disease or worsening immunodeficiency.

A positive AFB smear result in any specimen (sputum, needle aspirate, tissue biopsy) represents some
form of mycobacterial disease but does not always represent TB. Because TB is the most virulent
mycobacterial pathogen and can be spread from person to person, patients with smear-positive results
should be considered to have TB disease until definitive mycobacterial species identification is made.
Automated liquid media culture systems may show growth of M. tuberculosis within 1-3 weeks
compared to 3-8 weeks in solid media.

Drug susceptibility testing and adjustment of the treatment regimen based on the results are critical to the
successful treatment of TB and to curbing transmission of drug-resistant M. tuberculosis. For all patients
with TB disease, testing for susceptibility to first-line agents (isoniazid [INH], rifampin [RIF], ethambutol
[EMB], and pyrazinamide [PZA]) should be performed, regardless of the source of the specimen. Drug
susceptibility tests should be repeated if sputum cultures remain positive for M. tuberculosis after

3 months of treatment or become positive after a month or longer of negative cultures [308]. Second-line
drug susceptibility testing should be performed only in reference laboratories and should be limited to
specimens from patients who (1) have had previous therapy, (2) are contacts of patients with drug-
resistant TB disease, (3) have demonstrated resistance to RIF or to other first-line drugs, (4) have positive
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cultures after 3 months of treatment, or, (5) are from regions where there is a high prevalence of multiple
drug-resistant (MDR) or extensively drug-resistant (XDR) TB [313].

Molecular beacons, phage-based assays, and line probe assays are three methods for rapidly detecting the
presence of drug resistance, specifically to INH and RIF. In general, these assays are expensive, require
sophisticated laboratory support, need further study, and are not yet FDA approved for use in the United
States. Published results on the performance of the two assays suitable for direct use on samples, the
INNO-LiPA Rif.TB kit (Innogenetics, Gent, Belgium) and FASTPlaque-TB (Biotec Laboratories Ltd.,
Ipswich, United Kingdom), have been inconsistent. Until results of ongoing validation and field testing of
these rapid tests are available, conventional laboratory methods for culture and susceptibility testing
should be pursued on all suspect clinical specimens.

Preventing Exposure

HIV-infected persons should be advised that time spent in congregate settings or other
environments identified as possible sites of TB transmission (e.g., correctional facilities, homeless
shelters, nursing homes) might increase the likelihood of contracting M. tuberculosis infection (BIII)
[277]. Factors known to increase contagiousness include anatomical site of TB disease (pulmonary or
laryngeal), AFB smear-positive sputum, cavities on chest x-ray, and aerosolization by coughing or
singing. HIV-infected patients who have pulmonary or laryngeal TB are, on average, as contagious as
patients who are not HIV-infected. Exposure to patients with AFB smear-negative sputum results poses a
lower but not nonexistent risk of M. tuberculosis transmission [276, 314].

In health care facilities and other environments with a high risk of transmission, all patients with
known or presumed infectious TB should be physically separated from other patients, but
especially from those with HIV infection (AII) [276]. A patient with infectious TB returning to a
congregate living setting or to any setting in which susceptible persons might be exposed should be
receiving or have completed treatment and have three consecutive negative AFB smear results from
good quality sputum samples collected >8 hours apart (with one specimen collected during the early
morning), be on adequate treatment for >2 weeks, and demonstrate clinical improvement before
being considered noninfectious (AIII) [276, 280, 315]. Some experts recommend that patients with
MDR-TB have a negative sputum culture before returning to a congregate setting.

Treatment of LTBI is effective in reducing TB incidence among populations who reside in areas of low,
medium, and high TB transmission [316-318]. All possible efforts should be made to ensure that HIV-
infected persons with risk factors for TB are tested for M. tuberculosis infection and those with
LTBI receive and complete a course of LTBI treatment (AII) [319]. Persons infected with HIV
should be treated presumptively for LTBI when the history of TB exposure is significant, regardless
of the results of diagnostic testing for LTBI (BII) [276, 282, 283]. Use of BCG vaccine is not
recommended as a means to control TB in the United States because of the unproved efficacy of the
vaccine in the U.S. population and the success of other measures in reducing TB incidence [319]. BCG
vaccination for HIV-infected persons is contraindicated because of its potential to cause
disseminated disease (EII).

Preventing Disease (Treatment of LTBI)

All HIV-infected persons with suspected LTBI or who have symptoms indicating TB should promptly
undergo chest radiography and clinical evaluation to rule out active TB regardless of the results of
diagnostic tests for LTBI [320].

HIV-infected persons, regardless of age, should be treated for LTBI if they have no evidence of
active TB and:

1) a positive diagnostic test for LTBI and no prior history of treatment for active or latent TB (AI)
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2) anegative diagnostic test for LTBI but are close contacts of persons with infectious pulmonary
TB (AII)

3) a history of untreated or inadequately treated healed TB (i.e., old fibrotic lesions on chest
radiography) regardless of diagnostic tests for LTBI (AIT) [321].

The efficacy of LTBI treatment has not been documented for HIV-infected persons with negative
diagnostic tests for LTBI without known exposure to M. tuberculosis. Persons from groups or
geographic areas with a high prevalence of M. tuberculosis infection might be at increased risk of
primary or reactivation TB and in this situation decisions to treat for LTBI must take into
consideration CD4+ count and other factors (BIII) [282, 283, 320].

Treatment options for LTBI include INH daily (AII) or twice weekly (BII) for 9 months [282, 283,
322]. Results from a randomized clinical trial comparing INH daily therapy for 9 months with 12 doses of
once-weekly INH-rifapentine are pending [323]. Due to an increased risk of fatal and severe
hepatotoxicity, a 2-month regimen of daily RIF and PZA is not recommended for LTBI treatment
regardless of HIV status (DI) [277]. HIV-infected persons receiving INH should receive pyridoxine
(BIII) to minimize the risk of developing peripheral neuropathy. Alternatives for individuals who
cannot take INH or who have been exposed to a known INH-resistant index case include either RIF
or rifabutin alone for 4 months (BIII). Decisions to use a regimen containing either RIF or rifabutin
should be made after carefully considering potential drug interactions (see the section on Drug
Interactions). For persons exposed to INH- and/or RIF-resistant TB, decisions to treat with one or
two drugs other than INH, RIF, or rifabutin should be based on the relative risk of exposure to
organisms broadly resistant to other antimycobacterial drugs and should be made in consultation
with public health authorities (AII). Directly observed therapy (DOT) should be used with
intermittent dosing regimens (AI) when otherwise feasible to maximize regimen completion rates
[282, 283].

There is no evidence to suggest that LTBI treatment should be continued beyond the recommended
duration in persons with HIV infection. Therefore, LTBI treatment should be discontinued after
completing the appropriate number of doses (AII).

Treatment of Disease

Given the variability in yield from smear microscopy and NAA tests, empiric treatment should be
initiated and continued in HIV-infected persons in whom TB is suspected until all diagnostic work-
up (smears, cultures, or other identification results) is complete (AIIl). When active TB is diagnosed
or suspected, a multi-drug anti-TB treatment regimen should be immediately started (AI). This
approach promotes rapid killing of tubercle bacilli, prevents the emergence of drug resistance, and
decreases the period of contagion [44]. DOT is recommended for all patients with HIV-related TB
(AID). Likelihood of treatment success is further enhanced by DOT with support for other social
and medical needs of HIV-infected patients (BII) (enhanced DOT) [44]. A treatment plan should be
based on completion of the total number of recommended doses ingested rather than the duration
of treatment administration (AIII) [277]. The following text summarizes both duration-based and total
number-based dosing recommendations.

Recommendations for anti-TB treatment regimens in HIV-infected adults follow the same
principles as for adults without HIV infection (AI) [44]. Treatment of drug-susceptible TB disease
should include a 6-month regimen with an initial phase of INH, RIF or rifabutin, PZA, and EMB
given for 2 months followed by INH and RIF (or rifabutin) for 4 additional months (AI). When
drug susceptibility testing confirms the absence of resistance to INH, RIF, and PZA, EMB may be
discontinued before 2 months of treatment (AI) [277]. For patients with cavitary lung disease and
cultures positive for M. tuberculosis after completion of 2 months of therapy, treatment should be
extended with INH and RIF for an additional 3 months for a total of 9 months (AII). All HIV-
infected patients treated with INH should receive pyridoxine supplementation (BIII). For patients
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with extrapulmonary TB, a 6- to 9-month regimen (2 months of INH, RIF, PZA, and EMB followed
by 4-7 months of INH and RIF) is recommended (AII). Exceptions to the recommendation for a 6-
to 9-month regimen for extrapulmonary TB include CNS disease (tuberculoma or meningitis) and
bone and joint TB, for which many experts recommend 9-12 months (AII) [277]. Adjuvant
corticosteroids should be added when treating CNS and pericardial disease (AII). Treatment with
corticosteroids should be started intravenously as early as possible and continued for 6—8 weeks.
Change to oral therapy should be individualized according to clinical improvement. Recommended
corticosteroid regimens are dexamethasone 0.3-0.4 mg/kg tapered over 6-8 weeks [324] or
prednisone 1 mg/kg for 3 weeks then tapered over 3—5 weeks.

The optimal way to prevent relapse has not yet been determined. It also remains uncertain how the CD4+
count relates to likelihood of treatment failure and relapse. Some recent observational studies suggest that
9 months of therapy result in a lower rate of relapse than shorter or 6-month anti-TB regimens [325-327].
While awaiting definitive results of randomized comparisons of treatment duration in HIV-infected
patients with TB disease, 6 months of therapy are probably adequate for the majority of patients,
but prolonged therapy (up to 9 months) is recommended (as in HIV-uninfected patients) for
patients with a delayed response to therapy, with cavitary disease on chest radiograph, and for
those with extrapulmonary or CNS disease (BII) [44].

Intermittent dosing (i.e., twice or thrice weekly) facilitates DOT by decreasing the number of encounters
required, may provide more effective peak serum concentrations, and is preferable to complete the
regimen. For HIV-infected patients, the initial 8-week phase of therapy should be given daily by
DOT (7 days per week for 56 doses or 5 days per week for 40 doses) (AII) or 3 times weekly by
DOT for 24 doses (BII) [277]. Because twice-weekly administration of the continuation phase of
therapy is associated with an increased risk of relapse with acquired rifamycin-resistant M.
tuberculosis strains [277, 328-330] for patients with CD4+ counts <100 cells/uL the continuation
phase of either 4 months or 7 months should be administered either daily or three-times weekly by
DOT (AIIl). Twice-weekly continuation phase therapy may be considered in patients with CD4+
counts 2100 cells/pL. (CIII). Once-weekly administration of INH-rifapentine in the continuation
phase should not be used in any patient with HIV infection (EI).

Monitoring and Adverse Events, Including Immune Reconstitution Inflammatory Syndrome (IRIS)

a) Monitoring of LTBI Treatment

All patients diagnosed with LTBI should be counseled about risk of TB, adherence, benefits and risks of
treatment, interactions with other drugs, and an optimal follow-up plan. HIV-infected patients receiving
treatment for LTBI should also have baseline laboratory testing, including an evaluation of hepatic
function (aminotransferases, bilirubin, and alkaline phosphatase) for patients treated with INH and a
complete blood count and platelet count for patients taking RIF or rifabutin [282, 283].

Patients being treated for LTBI should be monitored at least monthly with a history and physical
assessment directed at detection of hepatitis and neuropathy. Patients should be advised to stop treatment
and promptly seek medical evaluation if symptoms suggesting hepatitis occur, such as nausea, vomiting,
jaundice, or dark urine. Clinicians in all settings should consider dispensing no more than a 1-month
supply of medication [331, 332]. Routine laboratory monitoring is indicated in HIV-infected patients with
baseline liver function test abnormalities, with chronic liver disease, or in those receiving treatment with
ART [282, 283, 333].

b) Monitoring of Active TB Disease Treatment

A baseline evaluation and monthly follow-up consisting of clinical, bacteriologic, and periodic laboratory
and radiographic evaluations are essential to ensure treatment success. Clinical history and baseline tests
to evaluate hepatic function (aminotransferases, bilirubin, and alkaline phosphatase), renal function
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(serum creatinine), complete blood count including platelet count, and CD4+ counts are recommended for
all patients [277]. For patients with pulmonary TB, at least one sputum specimen for AFB smear and
mycobacterial culture should be obtained monthly until two consecutive specimens are culture negative.
Sputum specimens should be obtained after 8 weeks of treatment to inform decisions about the duration
of the continuation phase. For patients with positive AFB smears at treatment initiation, follow-up smears
may be obtained at more frequent intervals (e.g., every 2 weeks until two consecutive specimens are
negative) to provide an early assessment of the treatment response [277]. For patients with positive M.
tuberculosis cultures after 3 months of treatment, drug susceptibility tests should be repeated on newly
acquired sputum specimens. For patients with extrapulmonary TB, the frequency and types of evaluations
will depend on the sites involved and the ease with which specimens can be obtained.

HIV-infected patients being treated for active TB should have a clinic-based evaluation at least monthly.
Patients with positive M. tuberculosis cultures after 4 months of treatment should be considered as having
failed therapy and managed accordingly [44]. At each visit, patients should be questioned about
adherence and possible adverse effects of anti-TB medications; those taking EMB should be asked about
blurred vision or scotomata and tested for visual acuity and color discrimination. Routine laboratory
monitoring during treatment, even when baseline laboratory abnormalities are not present, could be
considered [333].

In HIV-infected individuals with active TB, serum concentrations of the first-line anti-TB drugs are
frequently lower than published normal ranges [334]. However, routine drug level monitoring is not
recommended [277]. For those with a slow response to treatment, drug concentration measurements may
provide objective information to base modifications of treatment [335].

¢) Management of Common Adverse Events

Although the reported frequency of anti-TB drug-related toxicity in patients with HIV infection varies, for
most adverse events, rates are not different than for HIV-uninfected patients [333, 336-339]. Because
alternative drugs often have less efficacy and more toxicities than first-line anti-TB drugs and diagnosing
a drug reaction and determining the responsible agent may be difficult, the first-line drugs (especially
INH, RIF, or rifabutin) should not be stopped permanently without strong evidence that the specific anti-
TB drug was the cause of the reaction. In such situations consultation with an expert in treating LTBI or
TB in persons with HIV infection is recommended [44].

Gastrointestinal reactions are common with many of the anti-TB medications [340]. If gastrointestinal
symptoms occur, serum aspartate aminotransferase (AST) and bilirubin should be measured, and if the
AST level is less than three times the upper limit of normal (ULN) or the baseline for the patient, the
symptoms are assumed not to be due to hepatic toxicity. Generally, gastrointestinal symptoms should be
managed without discontinuing TB medications; initial approaches should include changing the hour of
administration and/or administering drugs with food.

Skin rashes are common with all of the anti-TB drugs. If rash is minor, affects a limited area, or causes
pruritis, antihistamines should be given for symptomatic relief and all anti-TB medications continued. If
the rash is severe, all TB medications should be stopped until the rash is substantially improved, and TB
drugs restarted one by one at intervals of 2—3 days. RIF or rifabutin should be restarted first (because they
are least likely to cause rash and their role in treatment is critical). If the rash recurs, the last drug added
should be stopped. If a petechial rash thought to be due to thrombocytopenia occurs, the rifamycin should
be stopped permanently [341]. If a generalized rash associated with fever and/or mucous membrane
involvement occurs, all drugs should be immediately stopped, the patient should be switched to
alternative anti-TB agents, and LTBI or TB treatment should be managed in consultation with an expert.

Fever in an HIV-infected patient who has been receiving effective TB therapy for several weeks may
represent drug fever, a paradoxical reaction, or IRIS [342]. If superinfection or worsening TB is excluded
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as a potential cause, all TB drugs should be stopped. Once the fever has resolved, the general guidelines
described for restarting/stopping drugs in the presence of a rash should be followed.

An increase in AST concentration occurs in nearly 20% of patients treated with the standard four-drug
anti-TB regimen [343]. Drug-induced liver injury can be caused by INH, rifamycins, or PZA and is
defined as an AST elevation to >3 times the ULN in the presence of symptoms, or >5 times the ULN in
the absence of symptoms [344]. In addition to AST elevation, occasionally there are disproportionate
increases in bilirubin and alkaline phosphatase. This latter pattern is more consistent with rifamycin
hepatotoxicity than with INH or PZA hepatotoxicity. In most patients, asymptomatic aminotransferase
elevations resolve spontaneously.

In the absence of symptoms, elevations of AST <3 times ULN should not prompt changes of TB therapy,
but the frequency of clinical and laboratory monitoring should be increased. If AST levels are >5 times
the ULN regardless of symptoms, >3 times the ULN with symptoms, or if a significant increase in
bilirubin and/or alkaline phosphatase occurs, hepatotoxic drugs should be stopped and the patient
immediately evaluated. For any significant new transaminase or bilirubin elevation, serologic testing for
hepatitis A, B, and C should be performed and the patient questioned regarding symptoms suggestive of
biliary tract disease and exposures to alcohol and other hepatotoxins.

If anti-TB drugs must be stopped for hepatotoxicity, it is generally prudent to substitute >3
nonhepatotoxic anti-TB drugs until the specific cause of hepatotoxicity can be determined and an
alternative longer term regimen constructed. The suspected anti-TB medications should be restarted one
at a time after the AST level returns to <2 times the ULN or to near baseline for patients with pre-existing
abnormalities. Because the rifamycins are a critical part of the TB regimen and are less likely to cause
hepatotoxicity than INH or PZA [343], they should be restarted first. If there is no increase in AST after 1
week, INH may be restarted. PZA may be restarted 1 week after INH if AST does not increase. If
symptoms recur or AST increases, the last drug added should be stopped. If RIF and INH are tolerated
and hepatitis was severe, PZA should be assumed to be responsible and should be discontinued. In this
last circumstance, depending on the number of doses of PZA taken, severity of disease, and
bacteriological status, therapy might be extended to 9 months with RIF and INH alone.

For HIV-infected patients on LTBI therapy who develop hepatotoxicity, most of the general guidelines
described for restarting/stopping drugs for patients on therapy for active TB apply. The ultimate decision
regarding resumption of therapy with the same or a different agent for LTBI treatment should be made
after weighing the risk of additional hepatic injury against the benefit of preventing progression to TB
disease [333] and always in consultation with an expert in treating LTBI in persons with HIV infection.

d) ART in the Management of TB Disease

The treatment of TB can be complicated by drug interactions with the rifamycins and overlapping
toxicities associated with antiretrovirals (ARVs) and anti-TB drugs when therapy for both infections is
concomitantly administered. Both RIF and rifabutin induce CYP3A enzymes, and although rifabutin is
not as potent as RIF, it is a substrate, leading to drug interactions with the PIs and non-nucleoside reverse
transcriptase inhibitors (NNRTIs) when these agents are concomitantly administered with the rifamycins,
and may result in increased metabolism and suboptimal levels of ARVs [345].

Compared to PI-based regimens, NNRTI-based regimens have fewer interactions with RIF-based TB
therapy [346]. Rifabutin is an alternative to RIF and can be given with PIs or NNRTIs with appropriate
dose adjustments [346]. Concomitant use of RIF with ritonavir-boosted PIs has been shown to result in
subtherapeutic levels of the PI. Use of ritonavir-boosted saquinavir with RIF was associated with a high
incidence of hepatotoxicity in a healthy volunteer pharmacokinetic study [347]. RIF should not be used
in patients on PI-based regimens with or without ritonavir-boosting (EII). For patients undergoing
treatment for active TB, starting ART with either an efavirenz- or nevirapine-based regimen is
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preferred because these NNRTIs have fewer interactions with RIF (BII) and there is evidence to
support their use with RIF in the treatment of active TB; dosage adjustments for these NNRTIs
may be needed for persons weighing more than 60 kg (see table) (BII) [348, 349]. Delavirdine should
not be used with either RIF or rifabutin [350].

If rifabutin is used in place of RIF, dosage reduction is required with boosted-PI regimens. Efavirenz
decreases the levels of rifabutin, and the dose of the latter may have to be increased. Nevirapine does not
affect the levels of rifabutin sufficiently to merit adjustment of the rifabutin dose. Underdosing of ARVs
or rifabutin can result in selection of HIV drug-resistant mutants or acquired rifamycin resistance,
respectively, whereas overdosing of rifabutin may result in dose-related toxicities such as neutropenia and
uveitis. Because there are significant interpatient variations in the degree of enzyme induction or
inhibition, the use of therapeutic drug monitoring for rifabutin and/or PIs or NNRTIs may help to adjust
dosing for individual patients.

HIV nucleos(t)ide analogs and the fusion inhibitor enfuvirtide are not affected by the CYP enzymes and
can be used with the rifamycins. Results of ongoing drug-drug interaction studies predict that the
combination of RIF (and possibly rifabutin) will result in decreased levels of maraviroc, raltegravir, and
elvitegravir. Until data are available to guide dose adjustment, these drugs in combination should be
avoided or used with extreme caution. Because currently available NNRTIs and PIs do not have
clinically significant drug interactions with other first- and second-line anti-TB drugs, including
quinolones and linezolid, when rifamycins cannot be given because of toxicity or resistance (MDR
or XDR strains), ART regimens should be selected based on other factors appropriate to the
individual (AII).

e) Optimal Timing of Initiation of ART in ART-Naive Patients with Active TB

For ART-naive, HIV-infected persons who are diagnosed with active TB, anti-TB treatment must
be started immediately (AIII). The optimal timing of initiation of ART in this setting is not clear.
Options include simultaneous TB and ART or treatment of TB first with delay of ART by several weeks
to months. In favor of starting both regimens simultaneously is the possible prevention of progressive
HIV disease and reduction in morbidity or mortality associated with TB or other Ols. Against this
approach is the possibility of overlapping toxicities, drug interactions, a high pill burden, and the
possibility of developing IRIS or a paradoxical reaction. These factors must be carefully weighed when
choosing the best time to start ART in individual patients.

Several randomized clinical trials are under way to address the optimal timing of initiation of ART in
persons being treated for active TB, but the results will not be known for several years. Pending these
results, some experts would base the decision of when to start ART on the immunological status of
the patient [339, 351, 352]. For patients with a CD4+ count <100 cells/pL, ART should be started
after >2 weeks of TB treatment (BII) to reduce confusion about overlapping toxicities, drug
interactions [339], and the occurrence of paradoxical reactions or IRIS [353]. For persons with a
CD4+ count of 100-200 cells/nL, some experts would delay ART until the end of the 2-month
intensive phase of anti-TB treatment (BII). In those with a sustained CD4+ count >200 cells/nL,
ART could be started during the anti-TB maintenance phase and for those with a CD4+ count >350
cells/uL, after finishing anti-TB treatment (BII). In one study, paradoxical reactions occurred in almost
all HIV-infected patients with TB and a CD4+ count <100 cells/uL who started ART within the first 30
days of TB therapy [222]. However, other studies suggest this approach may prevent HIV disease
progression or death [222, 339, 353]. In a small, prospective, nonrandomized study of 49 HIV-infected
patients from Brazil [348] treated with a RIF-based anti-TB regimen and efavirenz-based ART, morbidity
and side effects of medications in patients who started ART 3 weeks after initiation of TB treatment were
reduced compared with those who simultaneously started ART and anti-TB treatment. Furthermore,
simultaneous anti-TB and anti-HIV treatment did not reduce overall mortality.
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When TB occurs in patients already on ART, treatment for TB must be started immediately (AIII),
and ART should be modified to reduce the risk of drug interactions and maintain virological
suppression. When TB occurs in the setting of virologic failure, ART drug resistance testing should
be performed and a new ART regimen constructed to achieve virological suppression and avoid
drug interactions with the anti-TB regimen administered (AIII).

f) Immune Reconstitution and Paradoxical Reactions

IRIS or a paradoxical reaction following the initiation of ART is thought to be the result of recovery of
immune responses to previously recognized TB antigens, reconstituted by ART or by TB treatment itself
[44]. The immune response might be an exaggerated inflammatory response during TB treatment in a
patient known to have TB, referred to as paradoxical TB-associated IRIS, or might unmask previously
undiagnosed TB, referred to as unmasking TB-associated IRIS.

TB-associated paradoxical reactions or IRIS usually occur in the first 1-3 months after starting ART in
patients receiving TB treatment [294]. The risk of IRIS is greater when ART is started within the first 2
months of TB therapy [222, 354] and when the CD4+ count is <100 cells/uL [295-298]. Signs of a
paradoxical reaction or IRIS can include but are not limited to high fevers, worsening respiratory status,
increase in size and inflammation of involved lymph nodes or new lymphadenopathy, breakthrough
meningitis or new or expanding CNS lesions, radiologic worsening of pulmonary parenchymal
infiltrations, and increasing pleural effusions. Such findings should be attributed to a paradoxical or IRIS
reaction only after a thorough evaluation has excluded other possible causes, especially failure of TB
therapy.

IRIS or paradoxical reactions are usually self-limited but if symptoms are severe, supportive treatment
may be required depending on the nature of the complications. In general, a paradoxical or IRIS
reaction that is not severe should be treated symptomatically with nonsteroidal anti-inflammatory
agents without a change in anti-TB treatment or ART (BIII). Approaches to the management of
severe reactions (e.g., high fever, airway compromise from enlarging lymph nodes, enlarging serosal fluid
collections, increased intracranial pressure [ICP], or sepsis syndrome) have not been studied but may
require invasive interventions such as surgical decompression, and although there is no specific
treatment recommended for severe reactions, improvement has been observed with the use of
prednisone or methylprednisolone used at a dose of approximately 1 mg/kg body weight gradually
reduced after 1-2 weeks (BIIT) [44].

Management of Treatment Failure

Drug-resistant TB continues to be a substantial clinical and public health problem. Predisposing factors
include cavitary disease with a large bacillary load, use of an inadequate drug regimen, or a combined
failure of both the patient and the provider to ensure that an adequate regimen is taken [277]. Ongoing
transmission of drug-resistant strains is a significant source of new drug-resistant cases [355]. The
recommended treatment for drug-resistant TB is the same for HIV-infected as for non-HIV-
infected patients (AII) [277, 355]. The optimal duration of treatment for highly resistant strains has not
been established.

For patients with M. tuberculosis strains resistant to INH, INH should be discontinued and the
patient treated with a 6-month regimen of RIF, PZA, and EMB, which is nearly as effective as the
conventional INH-containing regimen (BII). A fluoroquinolone may be added for those with more
severe or extensive disease (CIII). Alternatively, treatment with RIF and EMB for 12 months can
be used, with PZA added during at least the initial 2 months (BII).

Treatment regimens for TB disease caused by RIF mono-resistant strains are less effective, and patients
infected with these strains are at increased risk of relapse and treatment failure. A minimum of 12-18
months of treatment with INH, EMB, and a fluoroquinolone (e.g., levofloxacin) with PZA
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administered during the first 2 months is recommended (BIII). An injectable agent (e.g., amikacin
or capreomycin) might be included in the first 2—-3 months for patients with RIF mono-resistance
and severe or extensive disease (CIII).

Patients with M. tuberculosis resistant to both INH and RIF (MDR-TB) are at high risk of treatment
failure and further acquired resistance and require close follow-up during and after treatment. Treatment
regimens for MDR-TB should be individualized based on drug-resistance test results, relative
activities of available anti-TB agents, the extent of disease, potential interaction with ARVs, and
presence of other comorbid conditions (AILI). Treatment regimens should consist of at least four
effective drugs (AIII) [277, 355]. The management of MDR-TB is complex and should be
undertaken only by an experienced specialist or in close consultation with specialized treatment
centers (AIII).

Reports of highly resistant M. tuberculosis strains have occurred over the past two decades [356, 357,
358, Bifani, 1996 #879, 359, 360]. The emergence of M. tuberculosis with extensive drug resistance was
first reported on a global level in 2006 [361]. The WHO Emergency Global Task Force on XDR-TB has
defined XDR-TB as resistance to at least INH and RIF among the first-line anti-TB drugs, and resistance
to any fluoroquinolone and at least one of three injectable second-line drugs (kanamycin, amikacin,
capreomycin) [362]. XDR-TB has been reported in the United States and every region of the world [363-
365]. Community transmission of XDR-TB and a high and rapid mortality rate among HIV-infected
patients with XDR-TB have been documented in South Africa [366]. Poor TB treatment outcomes and
high mortality among HIV-infected persons with XDR-TB have also been reported from New York City
[367]. Patients with M. tuberculosis resistant to RIF or any two first-line drugs should be tested for
susceptibility to a full panel of anti-TB drugs (BIII). Repeat drug susceptibility testing should be
considered for HIV-infected patients with MDR-TB who are not responding to treatment in order
to rapidly identify drug resistance that develops during treatment (BIII). Contact investigation and
strict infection control precautions should be implemented according to national guidelines (BIII)
[368]. The management of XDR-TB should be undertaken only by an experienced specialist in close
consultation with specialized treatment centers (AIII).

Preventing Recurrence

For patients with a low ongoing risk of exposure and transmission of M. tuberculosis infection,
chronic suppressive therapy after successful completion of a recommended treatment regimen for
LTBI or active TB is unnecessary (DII). However, recurrence of TB disease can result from either
endogenous relapse or exogenous reinfection. Even in low TB burden countries, reinfection is a risk for
HIV-infected residents of institutions that pose an ongoing high risk of exposure to M. tuberculosis (e.g.,
prisons, jails, and homeless shelters) [282, 283]. Recurrence of TB disease is also significantly increased
in HIV-infected persons in geographic areas with a high TB burden [344, 369-375]. In these settings,
treatment of LTBI resulting from presumed reinfection among persons previously treated for TB has been
shown to reduce recurrence of TB disease [370, 372, 376]. The reported incidence of TB disease for
persons immigrating to the United States from high TB burden settings (especially Sub-Saharan Africa
and Asia) who have been in the United States <1 year is often higher than the estimated case rate in their
country of origin [377]. Recent molecular epidemiology studies suggest that the majority of TB cases
among foreign-born persons in the United States are due to activation of latent infection [377-381]. These
findings suggest recent immigrants may be at high risk of recent infection or reinfection in their country
of origin. Close monitoring of recent immigrants at such risk is necessary.

Special Considerations During Pregnancy

HIV-infected pregnant women who do not have documentation of a negative TST result during the
preceding year should be tested during pregnancy. The frequency of anergy is not increased during
pregnancy, and routine anergy testing for HIV-1-infected pregnant women is not recommended [382-
385]. No data are available on the performance of the IGRAs for diagnosis of LTBI in pregnant women.
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The diagnostic evaluation for TB disease in pregnant women is the same as for nonpregnant adults. Chest
radiographs with abdominal shielding result in minimal fetal radiation exposure. An increase in
pregnancy complications, including preterm birth, low birthweight, and intrauterine growth retardation,
might be observed among pregnant women with either pulmonary or extrapulmonary TB not confined to
the lymph nodes, especially when treatment is not begun until late in pregnancy [382-389]. Congenital
TB infection of the infant may occur but appears to be rare [390].

Therapy of TB disease during pregnancy should be the same as for the nonpregnant adult, but with
attention given to the following considerations (BIII):

. INH is not teratogenic in animals or humans. Hepatotoxicity might occur more frequently in
pregnancy and the postpartum period [391]. Monthly monitoring of liver transaminases
during pregnancy and the postpartum period is recommended (CIII).

. RIF is not teratogenic in humans. Because of a potential increased risk of RIF-related
hemorrhagic disease among neonates born to women receiving anti-TB therapy during
pregnancy, prophylactic vitamin K, in a single 10 mg dose, should be administered to the
neonate (BIII).

. PZA is not teratogenic among animals. Experience is limited with use in human pregnancy.
Although WHO and the International Union Against Tuberculosis and Lung Diseases [392,
393] have made recommendations for the routine use of PZA in pregnant women, it has not
been recommended for general use during pregnancy in the United States because data
characterizing its effects in this setting are limited [394]. If PZA is not included in the initial
treatment regimen, the minimum duration of TB therapy should be 9 months. The decision
of whether to include PZA should be made after consultation among the obstetrician, TB
specialist, and the woman, taking into account gestational age and likely susceptibility
pattern of the infecting strain (CIII).

. EMB is teratogenic among rodents and rabbits at doses that are much higher than those used
among humans. No evidence of teratogenicity has been observed among humans. Ocular toxicity
has been reported among adults taking EMB, but changes in visual acuity have not been detected
in infants born after exposure in utero.

Experience during pregnancy with the majority of the second-line drugs for TB is limited. MDR-TB in
pregnancy should be managed in consultation with an expert. Therapy should not be withheld
because of pregnancy (AIII). The following concerns should be considered when selecting second-line
anti-TB drugs for use among pregnant women:

. Streptomycin use has been associated with a 10% rate of VIII nerve toxicity in infants
exposed in utero; its use during pregnancy should be avoided if possible (DIII).
. Hearing loss has been detected in approximately 2% of children exposed to long-term

kanamycin therapy in utero; like streptomycin, this agent should generally be avoided if
possible (DIII). There is a theoretical risk of ototoxicity in the fetus with in utero exposure to
amikacin and capreomycin, but this risk has not been documented and these drugs might be
alternatives when an aminoglycoside is required for treatment of MDR-TB (CIII).

. Because arthropathy has been noted in immature animals with the use of quinolones during
pregnancy, quinolones are generally not recommended in pregnancy and among children
aged <18 years (CIII). However, >400 cases of quinolone use in pregnancy have been
reported to various pregnancy registries, and use has not been associated with arthropathy
or birth defects after in utero exposure. Thus, quinolones can be used in pregnancy for
drug-resistant TB, if required based on susceptibility testing (CIII) [395].

. Para-aminosalicylic acid (PAS) is not teratogenic among rats or rabbits [394]. A possible increase
in limb and ear anomalies was reported among 143 pregnancies with first-trimester exposure in
one study [396]. No specific pattern of defects and no increase in rate of defects have been
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detected in other human studies, indicating that this agent can be used with caution if
needed (CIII).

. Ethionamide has been associated with an increased risk of several anomalies among mice,
rats, and rabbits following high-dose exposure; no increased risk of defects was noted with
doses similar to those used among humans, but experience is limited with use during human
pregnancy, so in general this drug should be avoided unless its use is necessary (CIII).

. No data are available from animal studies or reports of cycloserine use in humans during
pregnancy.

If LTBI is diagnosed during pregnancy and active TB has been ruled out, treatment should be
initiated during pregnancy whenever possible (BIII). If the woman is receiving ART only for
prophylaxis of perinatal HIV transmission and will stop ARVs after delivery, deferral of treatment for
LTBI until after delivery or use of a triple nucleoside regimen to allow use of RIF is reasonable. For
women requiring long-term ART for their own health, initiation of INH prophylaxis during
pregnancy is recommended (BIII).

ART is indicated for all pregnant women either for treatment of maternal infection, or if not indicated for
maternal therapy, for prevention of perinatal transmission of HIV [397]. Pregnant women on ART who
are diagnosed with active TB should have their ARV regimens adjusted as needed to accommodate their
TB drugs. For women diagnosed concurrently with active TB and HIV infection during pregnancy, TB
therapy should be initiated immediately and ART should be initiated as soon as possible thereafter,
generally according to the principles described for nonpregnant adults. Efavirenz use is not recommended
during the first trimester because of significant CNS and cleft defects seen in cynomolgous monkeys
treated in the first trimester with efavirenz at doses similar to those used in humans and because of case
reports in humans of neural tube defects after first-trimester exposure. Efavirenz can be used after the first
trimester, if indicated, to avoid drug interactions between anti-TB drugs and Pls. Initiation of nevirapine
is not recommended for women with CD4+ counts >250 cells/uL because of an increased risk of
potentially fatal liver toxicity. For women requiring ART strictly for prophylaxis of perinatal HIV
transmission, use of a triple nucleoside regimen including abacavir could be considered to avoid
interactions with TB drugs.
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Disseminated Mycobacterium avium Complex Disease

Epidemiology

Organisms of the Mycobacterium avium complex (MAC) are ubiquitous in the environment [398-400].
M. avium is the etiologic agent in >95% of patients with AIDS who develop disseminated MAC disease
[398, 401-406]. An estimated 7%—12% of adults have been previously infected with MAC, although rates
of disease vary in different geographic locations [398, 402, 405, 406]. Although epidemiologic
associations have been identified, no environmental exposure or behavior has been consistently linked to
subsequent risk of developing MAC disease.

The mode of transmission is thought to be through inhalation, ingestion, or inoculation via the respiratory
or gastrointestinal tract. Household or close contacts of those with MAC disease do not appear to be at
increased risk of disease, and person-to-person transmission is unlikely.

In the absence of effective ART or chemoprophylaxis in those with AIDS-associated immunosuppression,
the incidence of disseminated MAC disease ranges from 20%—40% [407, 408]. For persons with a CD4+
count <100 cells/uL who are receiving effective prophylaxis or have responded to ART with a sustained
increase in CD4+ count to levels >100-200 cells/uL, the overall incidence rate has been estimated at 2
cases per 100 person-years. MAC disease generally occurs among persons with CD4+ counts <50
cells/uL. Other factors that are associated with increased susceptibility to MAC disease are high plasma
HIV RNA levels (>100,000 copies/mL), previous Ols, previous colonization of the respiratory or
gastrointestinal tract with MAC, and reduced in vitro lymphoproliferative immune responses to M. avium
antigens, possibly reflecting defects in T-cell repertoire.

Clinical Manifestations

In persons with AIDS not on ART, MAC disease is generally a disseminated multi-organ infection
[409-412]. Early symptoms might be minimal and may precede detectable mycobacteremia by several
weeks. Symptoms include fever, night sweats, weight loss, fatigue, diarrhea, and abdominal pain [402].

Localized manifestations of MAC disease have been reported most commonly among persons who are
receiving and have responded to ART. Localized syndromes include cervical or mesenteric
lymphadenitis, pneumonitis, pericarditis, osteomyelitis, skin or soft tissue abscesses, genital ulcers, or
CNS infection.

Laboratory abnormalities particularly associated with disseminated MAC disease include anemia (often
out of proportion to that expected for the stage of HIV disease) and elevated liver alkaline phosphatase
[398, 399, 401-408, 413, 414]. Hepatomegaly, splenomegaly, or lymphadenopathy (paratracheal,
retroperitoneal, para-aortic, or less commonly peripheral) might be identified on physical examination or
by radiographic or other imaging studies. Other focal physical findings or laboratory abnormalities might
occur in the context of localized disease.

IRIS, initially characterized by focal lymphadenitis with fever, has subsequently been recognized as a
systemic inflammatory syndrome with signs and symptoms that are clinically indistinguishable from
active MAC infection. Its occurrence with MAC disease is similar to IRIS or paradoxical reactions
observed with TB disease [415-418]. Bacteremia is absent. The syndrome has been described among
patients with subclinical (“unmasking IRIS”) or established MAC disease and advanced
immunosuppression who begin ART and have a rapid and marked increase in CD4+ count (=100
cells/uL). As with TB, the syndrome might be benign and self-limited or might result in severe
unremitting symptoms that are improved with the use of systemic anti-inflammatory therapy or
corticosteroids in doses similar to those described for TB-associated IRIS.
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Diagnosis

A confirmed diagnosis of disseminated MAC disease is based on compatible clinical signs and symptoms
coupled with the isolation of MAC from cultures of blood, lymph node, bone marrow, or other normally
sterile tissue or body fluids [408, 411, 419, 420]. Species identification should be performed using
specific DNA probes, high performance liquid chromatography, or biochemical tests.

Other ancillary studies provide supportive diagnostic information, including AFB smear and culture of
stool or tissue biopsy material, radiographic imaging, or other studies aimed at isolation of organisms
from focal infection sites.

Preventing Exposure

MAC organisms commonly contaminate environmental sources (e.g., food and water). Available
information does not support specific recommendations regarding avoidance of exposure.

Preventing Disease

HIV-infected adults and adolescents should receive chemoprophylaxis against disseminated MAC
disease if they have a CD4+ count of <50 cells/pL (AI). Azithromycin [421] or clarithromycin [399,
422] are the preferred prophylactic agents (AI). The combination of clarithromycin and rifabutin is
no more effective than clarithromycin alone for chemoprophylaxis, is associated with a higher rate
of adverse effects than either drug alone, and should not be used (EI) [399]. The combination of
azithromycin with rifabutin is more effective than azithromycin alone; however, the additional cost,
increased occurrence of adverse effects, potential for drug interactions, and absence of a survival
difference compared with azithromycin alone do not warrant a routine recommendation for this
regimen (CI) [421]. Azithromycin and clarithromycin also each confer protection against
respiratory bacterial infections (BII). If azithromycin or clarithromycin cannot be tolerated,
rifabutin is an alternative prophylactic agent for MAC disease, although drug interactions may
make this agent difficult to use (BI) [423, 424]. Before prophylaxis is initiated, disseminated MAC
disease should be ruled out by clinical assessment, which might include obtaining a blood culture for
MAC. Because treatment with rifabutin could result in RIF resistance among persons who have active
TB, active TB should also be excluded before rifabutin is used for prophylaxis.

Although detecting MAC organisms in the respiratory or gastrointestinal tract might predict disseminated
MAC infection, no data are available regarding efficacy of prophylaxis with clarithromycin,
azithromyecin, rifabutin, or other drugs among asymptomatic patients harboring MAC organisms at these
sites in the presence of a negative blood culture. Therefore, routine screening of respiratory or
gastrointestinal specimens for MAC is not recommended (DIII).

Primary MAC prophylaxis should be discontinued among adult and adolescent patients who have
responded to ART with an increase in CD4+ counts to >100 cells/pL for >3 months (AI). Two
randomized, placebo-controlled trials and observational data have demonstrated that such patients can
discontinue primary prophylaxis with minimal risk of developing MAC disease [126, 425-428].
Discontinuing primary prophylaxis among patients meeting these criteria is recommended to reduce pill
burden, the potential for drug toxicity, drug interactions, selection of drug-resistant pathogens, and cost.
Primary prophylaxis should be reintroduced if the CD4+ count decreases to <50 cells/uL (AIII).

Treatment of Disease

Initial treatment of MAC disease should consist of two or more antimycobacterial drugs to prevent
or delay the emergence of resistance (Al) [400, 405, 406, 429-436]. Clarithromycin is the preferred
first agent (Al); it has been studied more extensively than azithromycin in patients with AIDS and
appears to be associated with more rapid clearance of MAC from the blood [400, 429, 431, 435-437].
However, azithromycin can be substituted for clarithromycin when drug interactions or
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clarithromycin intolerance preclude the use of clarithromycin (AII). Testing of MAC isolates for
susceptibility to clarithromycin or azithromycin is recommended for all patients (BIII) [438, 439].

EMB is the recommended second drug (AI). Some clinicians would add rifabutin as a third drug
(CI). One randomized clinical trial demonstrated that the addition of rifabutin to the combination of
clarithromycin and EMB improved survival, and in two randomized clinical trials, this approach reduced
emergence of drug resistance [400, 431] in persons with AIDS and disseminated MAC disease. These
studies were completed before the availability of effective ART. The addition of a third or fourth drug
should be considered in persons with advanced immunosuppression (CD4+ count <50 cells/uL),
high mycobacterial loads (>2 log;, colony forming units/mL of blood), or in the absence of effective
ART, settings in which mortality is increased and emergence of drug resistance is most likely
(CIII). Based on data in non-HIV-infected patients, the third or fourth drug might include an
injectable agent such as amikacin or streptomycin (CIIT) [438].

Patients who have disseminated MAC disease and have not previously been treated with or are not
receiving effective ART should generally have ART withheld until after the first 2 weeks of
antimycobacterial therapy have been completed to reduce risk of drug interactions, pill burden,
and complications associated with the occurrence of IRIS (CIII). If ART has already been
instituted, it should be continued and optimized unless drug interactions preclude the safe
concomitant use of antiretroviral and antimycobacterial drugs (CIII).

Monitoring and Adverse Events, Including Immune Reconstitution Inflammatory Syndrome (IRIS)

A repeat blood culture for MAC should be obtained 4-8 weeks after initiation of antimycobacterial
therapy only for patients who fail to have a clinical response to their initial treatment regimen.
Improvement in fever and a decline in quantity of mycobacteria in blood or tissue can be expected within
2—4 weeks after initiation of appropriate therapy; however, for those with more extensive disease or
advanced immunosuppression, clinical response might be delayed.

Adverse effects with clarithromycin and azithromycin include nausea, vomiting, abdominal pain,
abnormal taste, and elevations of liver transaminase levels or hypersensitivity reactions. Doses of
clarithromycin >1 g/day for treatment of disseminated MAC disease have been associated with
increased mortality and should not be used (EI) [440]. Rifabutin doses of >450 mg/day have been
associated with higher risk of adverse drug interactions when used with clarithromycin or other drugs that
inhibit cytochrome P450 isoenzyme 3A4 and might be associated with a higher risk of experiencing
uveitis, arthralgias, or other adverse drug reactions [441, 442].

Persons who have symptoms of moderate-to-severe intensity due to IRIS in the setting of ART
should receive initial treatment with nonsteroidal, anti-inflammatory agents (CIII). If IRIS
symptoms fail to improve, short-term (4-8 weeks) systemic corticosteroid therapy, in doses
equivalent to 20—40 mg of oral prednisone daily, has been successful in reducing symptoms and
morbidity (CIII) [416, 443, 444].

Rifabutin should not be administered to patients receiving certain PIs and NNRTIs because the complex
interactions have been incompletely studied and the clinical implications of those interactions are unclear
[423, 424]. PIs can increase clarithromycin levels, but no recommendation to adjust the dose of either
clarithromycin or PIs can be made on the basis of existing data. Efavirenz can induce metabolism of
clarithromycin. This can result in reduced serum concentration of clarithromycin but increased
concentration of the 14-OH active metabolite of clarithromycin. Although the clinical significance of this
interaction is unknown, the efficacy of clarithromycin for MAC prophylaxis could be reduced because of
this interaction. Azithromycin metabolism is not affected by the cytochrome P450 (CYP450) system;
azithromycin can be used safely in the presence of PIs or NNRTIs without concerns of drug interactions.
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Management of Treatment Failure

Treatment failure is defined by the absence of a clinical response and the persistence of mycobacteremia
after 4-8 weeks of treatment. Repeat testing of MAC isolates for susceptibility to clarithromycin or
azithromycin is recommended for patients who relapse after an initial response. The majority of patients
who failed clarithromycin or azithromycin primary prophylaxis in clinical trials had isolates susceptible to
these drugs at the time MAC disease was detected [400, 405, 406, 429, 445, 446].

Because the number of drugs with demonstrated clinical activity against MAC is limited, results of
susceptibility testing should be used to construct a new multi-drug regimen consisting of at least
two new drugs not previously used and to which the isolate is susceptible from among the following:
EMB, rifabutin, amikacin, or a quinolone (moxifloxacin, ciprofloxacin, or levofloxacin), although
data supporting a survival or microbiologic benefit when these agents are added have not been
compelling (CIII) [28, 75, 216, 405, 406, 430-434, 437, 447-450]. Based on data from treating MAC
in non-HIV-infected patients, an injectable agent such as amikacin or streptomycin should be
considered (CIII) [438]. Whether continuing clarithromycin or azithromycin in the face of resistance
provides additional benefit is unknown. Clofazimine should not be used because randomized trials
have demonstrated lack of efficacy and an association with increased mortality (EIT) [430, 432,
448]. Other second-line agents (e.g., ethionamide, thiacetazone [not available in the United States], or
cycloserine) have been anecdotally combined with these drugs as salvage regimens. However, their role
in this setting is not well defined. Among patients who have failed initial treatment for MAC disease
or who have antimycobacterial drug-resistant MAC disease, optimizing ART is an important
adjunct to second-line or salvage therapy for MAC disease (AIII).

Adjunctive treatment of MAC disease with immunomodulators has not been thoroughly studied,
and data are insufficient to support a recommendation for use (DIII).

Preventing Recurrence

Adult and adolescent patients with disseminated MAC disease should receive lifelong secondary
prophylaxis (chronic maintenance therapy) (AIl), unless immune reconstitution occurs as a result
of ART [425, 426].

Patients are at low risk of recurrence of MAC when they have completed a course of >12 months of
treatment for MAC, remain asymptomatic with respect to MAC signs and symptoms, and have a
sustained increase (e.g., >6 months) in the