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Adverse Drug Effects 

Differentiating between complicating consequences 
of HIV infection and toxicities of drugs used in the
management of HIV infection is challenging.
However, the experience gained with combination 
antiretroviral (ARV) drugs has led to the recognition 
of several distinct adverse drug events. These
include: 
• mitochondrial dysfunction (including lactic

acidosis, hepatic toxicity, pancreatitis, and
peripheral neuropathy);

• metabolic abnormalities (such as fat 
maldistribution and body habitus changes;
hyperlipidemia; hyperglycemia and insulin 
resistance; and osteopenia, osteoporosis, and
osteonecrosis);

• hematologic adverse events from drug-induced 
bone marrow suppression (anemia, 
neutropenia, and thrombocytopenia); and 

• allergic reactions (skin rashes and 
hypersensitivity responses).

While individual ARV drugs or classes of ARV
drugs are associated with specific toxicities, 
interaction between ARVs and interactions with 
other drugs used in the management of HIV/AIDS
complications can result in altered pharmacokinetics 
and additional drug toxicities. The major adverse
drug events seen in children and the management of 
these events are discussed in this supplement,
recognizing that experience in children is more 
limited than in adults. Therefore, the management of 
complications of pediatric HIV infection, including 
ARV drug toxicities, requires consultation with a
physician experienced in management of pediatric 
HIV/AIDS. The sections that follow provide an 
overview of adverse events associated with ARV 
treatment. 

- Lactic Acidosis

- Hepatic Toxicity

- Fat Maldistribution and Body Habitus Changes

- Hyperlipidemia

- Hyperglycemia and Insulin Resistance

- Osteopenia, Osteoporosis, and Osteonecrosis

- Hematologic Complications

- Hypersensitivity Reactions and Skin Rashes

LACTIC ACIDOSIS 

Background 

Chronic and asymptomatic mild hyperlactatemia 
(2.1 to 5.0 mmol/L) is relatively frequent among 
HIV-infected individuals receiving nucleoside 
analogue reverse transcriptase inhibitors (NRTIs), 
occurring in approximately 15 to 35% of infected 
adults receiving ARV treatment, usually for longer 
than 6 months [1]. There are few data available in 
pediatric patients. In a cohort of 81 HIV-infected
Spanish children receiving ARV therapy,
asymptomatic mild hyperlactatemia was observed in
17% of children [2]. In the U.S., asymptomatic 
hyperlactatemia was observed in 32% of 127 HIV-
infected children receiving highly active 
antiretroviral therapy [3]. 

Symptomatic hyperlactatemia is less common 
(reported in 0.2 to 2.5% of infected adults), and the 
syndrome of lactic acidosis/hepatic steatosis is rare 
[4, 5]. In a cohort of adults receiving NRTI therapy 
at Johns Hopkins University between 1989 and
1994, the incidence of the lactic acidosis/hepatic
steatosis syndrome was 0.13%; in a more recent 
cohort of 964 infected adults from France followed 
between 1997 and 1999, the incidence of 
symptomatic hyperlactatemia was 0.8% per year for 
all patients and 1.2% for patients receiving a 
stavudine (d4T)-containing regimen [6, 7]. Although
lactic acidosis has been described in association with 
all NRTI drugs, particularly if treatment is over 6 
months in duration, therapy with didanosine (ddI) 
and/or d4T may be more likely to be associated with 
this syndrome [8-10]. Life-threatening and fatal 
cases of lactic acidosis have also been reported in
HIV-infected children [11-13]. While uncommon, 
lactic acidosis is associated with a high fatality rate 
(33 to 57%). 

Lactic acidosis/hepatic steatosis is thought to be 
secondary to mitochondrial dysfunction induced by
NRTI treatment [14, 15]. NRTI drugs have varying 
affinity for mitochondrial DNA polymerase gamma.  
The relative potency of the NRTIs in inhibiting
mitochondrial DNA polymerase gamma in vitro is
highest for zalcitabine (ddC), followed by ddI, d4T, 
and zidovudine (ZDV); lamivudine (3TC), abacavir 
(ABC), and tenofovir disoproxil fumarate (TDF) 
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have lower affinity for the mitochondrial polymerase 
[15-17]. Inhibition of mitochondrial DNA 
polymerase gamma can result in inhibition of 
mitochondrial DNA replication, resulting in
impaired synthesis of mitochondrial respiratory
chain enzymes, deterioration of oxidative 
phosphorylation, and depletion of ATP levels. When
a cell is unable to generate enough energy through 
oxidative phosphorylation, anaerobic respiration 
occurs via conversion of pyruvate to lactate in the 
cytoplasm. This results in an excess production of 
hydrogen ions, which can lead first to a cellular, 
then to a systemic metabolic acidosis if 
uncontrolled. Lactate clearance normally occurs via 
the liver or kidneys, but if production is excessive or 
the organs have pre-existing malfunction, 
accumulation of lactate and hydrogen ions can 
result. Thus, both overproduction and 
underutilization of lactate occur.  Steatosis occurs 
secondary to fatty acid oxidation inhibition, leading 
to excess hepatic fat production and accumulation of 
microvesicular lipid droplets in the liver. 

Risk factors for lactic acidosis/hepatic steatosis
include female gender, high body mass index,
chronic hepatitis C infection, African-American 
ethnicity, use of d4T, prolonged NRTI use, acquired 
riboflavin or thiamine deficiency, and possibly
pregnancy [4, 7, 9]. However, there is no proven 
way to predict who will develop lactic acidemia. 

Clinical Features 

Onset can be acute or subacute. Cases have occurred 
as soon as 1 month and as late as 20 months after 
starting therapy, with a median onset of 4 months in
one case series [4, 18]. Initial symptoms of lactic 
acidosis are variable and non-specific; a clinical
prodromal syndrome may include generalized 
fatigue, weakness, and myalgias; gastrointestinal
symptoms (nausea, vomiting, diarrhea, abdominal 
pain, hepatomegaly, anorexia, and sudden
unexplained weight loss); and respiratory (tachypnea
and dyspnea) or neurologic symptoms (motor 
weakness, including a Guillian-Barre–like syndrome 
of ascending neuromuscular weakness) [19]. 
Features of hepatic dysfunction may be observed,
including a tender and enlarged liver, ascites, and 
encephalopathy; jaundice is unusual, and hepatic
enzymes are usually only modestly elevated [18]. 
Patients who are receiving NRTIs and present with 
this constellation of symptoms should undergo 
prompt evaluation for lactic acidosis. With

progression of lactic acidosis, hepatic and renal
failure, clotting abnormalities, seizures, cardiac
arrhythmias, and death can ensue. 

In HIV-infected adults with this syndrome, lactic 
acidosis is associated with hepatic steatosis in 69% 
of patients and pancreatitis in 22% [1]. Hepatic
steatosis is a common finding on imaging studies or 
liver biopsy; hepatic necrosis can occur in fulminant 
cases [20]. Laboratory abnormalities include 
hyperlactatemia, low bicarbonate, increased anion
gap (> 16), systemic acidosis (arterial pH < 7.35),
and elevated aminotransferases, creatine 
phosphokinase, lactate dehydrogenase, lipase, and 
amylase. Arterial or venous lactate levels are 
generally > 5.0 mmol/L, and serum bicarbonate is 
decreased in patients with symptomatic lactic 
acidosis, indicating widespread cellular energy 
deficit and metabolic decompensation. Lactate levels 
> 10 mmol/L are life-threatening and have been 
associated with mortality of  > 80% [21]. A CT scan
may demonstrate an enlarged fatty liver; 
histologically, microvesicular steatosis is seen on 
examination of the liver. 

Recommendations for Assessment and 
Monitoring 

Routine monitoring of serum lactate levels in 
asymptomatic patients is not recommended as part 
of routine clinical practice [5, 20, 22]. Patients with
mild elevations in arterial or venous lactate levels 
(2.1 to 5.0 mmol/L) and a normal bicarbonate level 
are usually asymptomatic, and subsequent
progression to the lactic acidosis syndrome is rare. 
Thus, mild hyperlactatemia in asymptomatic patients 
does not identify patients who are at greater risk for 
development of lactic acidosis or hepatic steatosis. 

Measurement of serum lactate is recommended only 
for patients presenting with clinical or laboratory 
signs or symptoms consistent with lactic acidosis. 
Clinical symptoms warranting consideration of 
serum lactate level assessment include new-onset 
extreme fatigue, vague abdominal pain, sudden 
weight loss, unexplained nausea or vomiting,
peripheral neuropathy, or sudden dyspnea.
Additional diagnostic evaluations include 
assessment of serum bicarbonate and anion gap 
and/or arterial blood gas (to assess extent of 
acidosis); amylase and lipase (pancreatitis can 
accompany severe lactic acidosis); and liver function 
tests (hepatic steatosis and necrosis can accompany 
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severe lactic acidosis). Laboratory abnormalities 
include low bicarbonate, chloride, or albumin levels; 
raised anion gap; unexpected increases in liver 
enzymes; or new onset of clinical liver failure. 

Sample collection for assessment of lactate is 
difficult in adults, and even more so in children, as 
vigorous exercise (e.g., prolonged vigorous crying), 
poor hydration, and prolonged tourniquet use are
associated with falsely elevated results.  Blood 
should be collected without prolonged tourniquet
application or fist clenching into a pre-chilled, gray-
top, fluoride-oxalate–containing tube and 
transported on ice to the laboratory to be processed 
within 4 hours of collection [18]. An elevated lactate 
level should be confirmed with a repeat
measurement. 

Serum lactate levels of 2 to 5 mmol/L are considered 
elevated and need to be correlated with symptoms.  
A confirmed lactate level above 5 mmol/L in the 
presence of clinical signs or symptoms, or a 
confirmed level above 10 mmol/L regardless of 
clinical symptomatology, establishes the diagnosis 
of NRTI-associated lactic acidosis in a patient 
receiving such therapy.  Measurement of arterial pH 
to confirm the presence of acidosis is not necessary 
in most cases.

Management/Treatment (Table 1) 

In patients with symptomatic but low level 
hyperlactatemia (< 5 mmol/L), continuation of 
therapy including NRTIs is reasonable, but lactate 
levels should be monitored regularly. In patients 
with lactic acidosis (i.e., all patients with lactate > 
10 mmol/L and symptomatic patients with lactate 5
to 10 mmol/L), ARV and any other potentially
contributory drugs should be discontinued.  If NRTI 
therapy is continued in such patients, progressive 
toxicity may occur, with severe lactic acidosis, 
respiratory failure, and death. 

Therapy is primarily supportive (intravenous fluid 
support; reduction in oxygen demand and ensuring 
adequate oxygenation of tissues through sedation
and respiratory support, as needed) [23]. Although
some reports suggest that alkalinizing the blood with 
bicarbonate infusions to clear or neutralize the lactic
acid might improve prognosis, this remains 
controversial [23-25]. Thiamine (vitamin B1) and 
riboflavin (vitamin B2) are both important for 
mitochondrial function; nutritional deficiencies of 

these vitamins could predispose the patient to 
mitochondrial toxicity [26-30]. In some uncontrolled
case reports, administration of high doses of these 
vitamins has been associated with improvement in 
NRTI-associated lactic acidosis. Administration of 
antioxidants such as vitamins C, E, and K, or of L-
carnitine and co-enzyme Q (ubiquinone), has also 
been reported in case reports to be beneficial. Doses 
of L-carnitine that have been used for treatment of 
HIV-infected adults were 50 mg/kg/day divided into 
three doses and administered by a 2-hour infusion in
a 5% glucose solution for 15 days [31]. However, 
there are no controlled data to show efficacy of any
of these agents in the treatment of NRTI-associated
lactic acidosis. 

Following discontinuation of ARV therapy in adults 
with lactic acidosis, lactate levels return to normal at 
a mean of 3 months post-discontinuation [18]. 
However, symptoms associated with lactic acidosis 
may continue or worsen for a longer period after 
ARV discontinuation. Whether there are long-term
sequelae of NRTI-related lactic acidosis is not 
known. 

Following resolution of symptoms, ARV therapy
can be resumed.  There are insufficient data to 
recommend whether therapy should be restarted 
with an NRTI-sparing regimen (e.g., a non-
nucleoside reverse transcriptase inhibitor and dual 
protease inhibitor regimen) or with a revised NRTI-
containing regimen. If an NRTI is required for an 
effective regimen, then the antiretroviral drugs least 
likely to inhibit mitochondrial DNA polymerase 
gamma (preferably ABC or TDF; possibly ZDV or 
3TC) can be used with caution [32, 33]. 
Reinstitution of therapy including an alternative
NRTI should be closely monitored; some clinicians 
recommend monthly monitoring of lactate for at 
least 3 months in patients who experienced NRTI-
associated lactic acidosis [18, 20]. 

Special Case:  In Utero Antiretroviral 
Exposure 

Background 

Blanche and colleagues from France reported 8 
cases of HIV-exposed but uninfected infants with in 
utero and/or neonatal exposure to either ZDV/3TC
or ZDV alone (4 infants each) who developed
indications of mitochondrial dysfunction after the 
first few months of life [34]. Two infants exposed to
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ZDV/3TC developed severe neurologic disease and
died, 3 had mild to moderate symptoms, and 3 had 
no symptoms but transient laboratory abnormalities.
All infants had elevated lactic acid levels.

Further evaluation of mitochondrial toxicity was 
conducted in 4,392 uninfected or HIV-indeterminant 
children (2,644 with perinatal ARV exposure) 
followed within the French Pediatric Cohort or 
identified within a France National Register 
developed for reporting of possible mitochondrial
dysfunction in HIV-exposed children. Evidence of 
mitochondrial dysfunction was identified in 12
children (including the 8 cases mentioned above), all 
of whom had perinatal ARV exposure, representing
an 18-month incidence of 0.26% [35]. Risk was 
higher among infants exposed to combination ARV
drugs (primarily ZDV/3TC) than ZDV alone.  All 
children presented with neurologic symptoms, often 
with abnormal MRI and/or a significant episode of 
hyperlactatemia, and all had a deficit in one of the
mitochondrial respiratory chain complexes and/or 
abnormal muscle biopsy histology. In a separate 
publication, the same group reported an increased
risk of simple febrile seizures during the first 18
months of life among uninfected infants with ARV
exposure [36].

However, a retrospective examination of several 
large cohorts that included over 16,000 HIV-
exposed but uninfected children with and without
ARV exposure identified no deaths similar to those 
reported from France or clinical findings attributable
to mitochondrial dysfunction [37]. Additionally, a
clinical review of data from 1,954 living HIV-
exposed but uninfected children in the prospective 
Pediatric AIDS Cohort Transmission Study has not
identified any child with ARV exposure who had 
symptoms that could be attributed to mitochondrial 
dysfunction [38]. The European Collaborative Study
also reviewed clinical symptoms in 2,414 uninfected
children (1,008 with perinatal ARV exposure) 
followed prospectively; median length of follow-up
was 2.2 years (maximum 16 years) [39]. No
association between clinical manifestations 
suggestive of mitochondrial abnormalities and 
perinatal ARV exposure was found.  Of the 4 
children with seizures in this cohort, none had 
perinatal ARV exposure. Thus, there are conflicting 
data regarding whether mitochondrial dysfunction in 
HIV-exposed but uninfected children is associated
with perinatal ARV exposure. If an association 
exists, the development of severe or fatal 

mitochondrial disease appears to be extremely rare 
and should be weighed against the clear benefit of 
ARV prophylaxis in reducing transmission of a fatal 
infection by 70% or more [40, 41]. However, 
children with in utero ARV exposure should have 
long-term follow-up for potential late toxicities, and 
mitochondrial dysfunction should be considered in
uninfected children with perinatal ARV exposure
who present with severe clinical findings of
uncertain etiology, particularly neurologic findings. 

Recommendations for Assessment and 
Monitoring

Two studies have suggested that mild, transient
elevations in plasma lactate may be observed in 85 
to 92% of HIV-exposed uninfected infants with 
perinatal ARV exposure, although moderate
elevations (exceeding 5 mmol/L) were seen in fewer 
infants (26% of 38 infants in one study) [42, 43].
The elevations were generally not accompanied by 
clinical manifestations, and plasma lactate
normalized by age 6 months. These studies have 
involved only small numbers of infants, and 
generally do not describe the methodology for 
sample acquisition and processing for the lactate
level measurements.  The clinical significance of 
these laboratory findings is unclear, and further 
studies are needed to validate these findings.

In a child with clinical symptomatology suggestive 
of possible mitochondrial dysfunction, particularly
neurologic signs or symptoms or hepatic disorders, 
serum lactate should be assayed and further 
evaluation performed to determine if there are 
additional signs of a mitochondrial disorder.  
However, routine monitoring of lactate levels in
asymptomatic neonates with ARV exposure is not 
recommended at this time. 
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Table 1.  Recommendations for Evaluation and Management of Lactic Acidosis  
Associated with Antiretroviral Therapy

Clinical Findings Recommendations 
Asymptomatic  Routine monitoring of serum lactate levels is not recommended. 

Clinical symptoms
• usually insidious onset of: 
¾ generalized fatigue,
¾ weakness, and  
¾ myalgias or  
¾ gastrointestinal,  
¾ respiratory, or
¾ neurologic symptoms;  

• some patients may present  
with multi-organ failure, 
such as: 
¾ fulminant hepatic

failure, 
¾ acute pancreatitis, or 
¾ respiratory failure  

Note:  if ability to obtain lactate measurement is delayed and this syndrome 
is suspected, discontinue all antiretroviral drugs pending evaluation.

Diagnostic evaluations: 
• Serum lactate 
• Serum bicarbonate, anion gap 
• Liver function tests 
• Amylase 
• Lipase
• Arterial blood gas  
• Imaging studies, such as abdominal ultrasound or CT scan, as 

indicated (e.g., evaluation for hepatic steatosis, pancreatitis) 

Management: 
Lactate < 2.0 mmol/L and normal bicarbonate: 

• Continue antiretroviral therapy 
• Not lactic acidosis; evaluate for alternative etiology of symptoms

Lactate 2.1-5.0 mmol/L (confirm with second test):
• Antiretroviral therapy can be continued, particularly if bicarbonate is 

normal, but carefully monitor symptoms, serum lactate, and other 
laboratory values as above; or

• Alternatively, temporarily discontinue therapy while conducting 
additional diagnostic work-up 

Lactate > 5.0 mmol/L (confirm with second test) or if lactate >10 mmol/L, 
regardless of symptoms:

• Discontinue all antiretroviral therapy
• Supportive therapy (intravenous fluids; reduce oxygen demand and 

ensure adequate oxygenation of tissues through sedation and 
respiratory support, as needed) 

• Anecdotal, although unproven, supportive therapies: 
� Bicarbonate infusions 
� High dose thiamine (vitamin B1) and riboflavin (vitamin B2)  
� Oral antioxidants (e.g., L-carnitine, co-enzyme Q, vitamin C) 

Following Resolution of Clinical and Lab Abnormalities:
Antiretroviral therapy can be resumed, either with: 

• NRTI-sparing regimen (e.g., a non-nucleoside reverse transcriptase
inhibitor and dual protease inhibitor regimen); or

• A revised NRTI-containing regimen, instituted with caution 
� Use NRTI less likely to inhibit mitochondria (preferably ABC 

or TDF; possibly ZDV or 3TC) 
� Close monitoring (some clinicians recommend monthly

monitoring of lactate for at least 3 months)
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HEPATIC TOXICITY 

Background 

Elevations in liver enzymes with or without clinical 
hepatitis have been reported in 14 to 20% of HIV-
infected adults receiving HAART [1-5]. The 
differential diagnosis of liver dysfunction in an HIV-
infected patient is complicated, as abnormalities in 
liver function are common and may be caused by
HIV itself, coinfection with hepatitis B or C viruses 
or opportunistic infections, malignancies, coexisting
conditions (e.g., chronic alcohol use), drug 
interactions, or drug-induced hepatic toxicity.  
Hepatotoxicity has been reported with all of the 
available NRTI, NNRTI, and PI drugs. 

NRTI-associated hepatotoxicity is thought to be 
primarily due to mitochondrial toxicity [2]. Lactic
acidosis associated with hepatic steatosis is
recognized as a rare but serious and potentially life-
threatening complication of treatment (see “Lactic 
Acidosis” for a more detailed discussion of the 
syndrome and its management). 

NNRTIs are associated with several types of hepatic 
toxicity, including asymptomatic elevation in
transaminase levels (which can occur early during
therapy or, less frequently, with a later onset) and 
hypersensitivity reaction with hepatitis [1].
Although there is debate about whether 
asymptomatic transaminase elevations are more 
common with NNRTIs than other drugs, the 
NNRTIs have been the most common ARV drug 
class implicated in hypersensitivity reactions (see 
also “Hypersensitivity Reactions and Skin 
Rashes”) [1, 5-7]. 
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In most studies, nevirapine (NVP) is reported to be
associated with more hepatotoxicity than efavirenz 
(EFV) or delavirdine (DLV) [1, 6-8]. Asymptomatic 
transaminase elevations have been reported in 6 to
13% of patients receiving NVP, while symptomatic 
hepatitis has been reported in approximately 4 to 5% 
of patients [5-7, 9, 10]. NVP-associated symptomatic 
hepatitis develops during the first 6 to 18 weeks of 
therapy, and may have associated symptoms of skin 
rash, fever, and hypotension [5]. In adults, this type
of reaction has been observed more frequently in 
females than males and in patients with higher CD4 
cell counts (> 250/mm3 in women, > 400/mm3 in 
men) [5, 7]. Patients co-infected with hepatitis B or 
C may also be at higher risk [10]. Although rare, this 
syndrome can progress rapidly to hepatic failure and 
death within days, and progression can occur even 
after NVP is discontinued [11-13]. NVP should be 
permanently discontinued in patients who develop 
severe NVP-associated symptomatic hepatotoxicity. 
In contrast to hepatic toxicity manifested as 
asymptomatic transaminase elevations, the
development of rash-associated hepatic events does 
not correlate with elevation from baseline
transaminase levels [5].

PI-associated liver enzyme abnormalities can occur 
any time during the course of treatment. The 
pathogenesis of PI-associated liver injury is not 
known. As a class, PIs are extensively metabolized by
the liver cytochrome P450 enzyme system. Thus, 
underlying hepatic impairment may result in elevated
PI levels, which could enhance the risk of toxicity; 
additionally, other drugs (including ARVs) that are
metabolized in the liver can affect PI metabolism and 
hence predispose to toxicity as well [3]. The overall 
incidence of liver enzyme elevations 5 to 10 times the 
upper limit of normal (ULN) in adult patients 
receiving PIs ranged from 3 to 18%, but the incidence 
of symptomatic liver toxicity is lower (1 to 5%). 
Coinfection with hepatitis B or C viruses has been 
consistently associated with a greater risk of severe 
liver injury in patients receiving PIs. Tipranavir 
(TPV) with low-dose ritonavir (RTV) has been 
associated with clinical hepatitis and hepatic 
decompensation, including some fatalities. This
toxicity has generally occurred in adults with
advanced HIV disease taking multiple concomitant 
medications. Patients with chronic hepatitis B or C 
virus co-infection have an increased risk of TPV-
associated hepatotoxicity. RTV has been identified as 
a risk factor for severe hepatic toxicity independent of 
coinfection with chronic viral hepatitis. However, 
low-dose RTV used for pharmacologic “boosting” of

other PIs has generally not been associated with liver 
toxicity to the same extent as observed with
therapeutic doses of RTV [3, 10, 11, 14, 15]. Indinavir 
(IDV) and atazanavir (ATV) have been associated
with a high rate of unconjugated (indirect)
hyperbilirubinemia (6 to 40% of patients). This is 
caused by inhibition of the activity of the hepatic 
enzyme UDP-glucuronosyltransferase, leading to the
development of a reversible, asymptomatic, indirect
hyperbilirubinemia that clinically resembles Gilbert’s 
disease and is not associated with hepatic injury. 
Clinically significant jaundice is less common (7 to
8% of patients treated with IDV or ATV) [14].

A number of large studies have reviewed the 
incidence of hepatic toxicity and its risk factors in
adults receiving antiretroviral treatment. Some of the 
non-drug associated risk factors that have been
identified include elevated baseline serum
transaminase enzyme levels at initiation of therapy,
fatty liver disease, hepatotropic viruses (e.g., hepatitis
B or C viruses), and use of alcohol [4, 9, 11, 14-17].

Physicians should be aware that improvement in 
immune status with HAART might have a deleterious
effect on the course of hepatitis infection in some
patients with hepatitis B or C coinfection. Patients with
chronic hepatitis B or C may experience a rise in
transaminase levels after initiating HAART. This has 
been attributed to immune reactivation, with a rapid 
increase in cytotoxic T cells leading to immune-
mediated destruction of HBV- or HCV-infected
hepatocytes [3, 18, 19]. Some ARV drugs, such as 
lamivudine (3TC) and tenofovir (TDF), are also
effective in the treatment of hepatitis B, and 
discontinuation of these drugs (such as with a change 
in therapeutic regimen) may result in a flare-up of 
hepatitis B virus-associated liver disease.

Hepatic Toxicity in Pediatrics 
No similar studies have reviewed the incidence of 
hepatic toxicities and their risk factors in pediatric
populations, and a review of the pediatric literature is 
hindered by the variability in reporting of hepatic
events. However, several consistent observations can 
be made. Early studies with NRTI drugs in pediatric 
patients with mild to moderate symptoms of HIV 
disease demonstrated that elevated liver function 
tests, including increases in serum transaminases 
(AST and ALT), was a relatively common event in
children being treated with NRTI drugs. In an early 
study of ZDV monotherapy, 12.8% of patients 
developed ALT > 5 times ULN [20]. In a study of 
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combination NRTI therapies, 4% of the children 
developed ALT > 10 times ULN [21].

More recent studies with HAART regimens have not
demonstrated an increased risk of hepatitis with 
these combination therapies in pediatric patients.  In 
one study comparing 100 children receiving 
combination NRTI treatment to 197 children 
receiving an RTV-containing regimen, the rates of 
hepatic adverse events were not statistically 
different: 16% and 17% of the children receiving
RTV in combination with ZDV+3TC or stavudine 
(d4T), respectively, experienced severe hepatic
toxicity, compared to 10% of the children who 
received only NRTIs [22]. In a study conducted in a 
similar study population that included 129 children
treated with NVP-containing regimens, rates of 
hepatic events varied by treatment arm, but ranged
from 12 to 18% in the NVP-containing arms [23].
There were, however, no treatment discontinuations 
for any hepatic-related adverse events. In subsequent
studies of a spectrum of HAART regimens in a 
variety of pediatric populations, severe hepatic
toxicity has rarely been reported and even more 
rarely resulted in treatment discontinuation [24-29].
Thus, severe drug-related hepatic adverse events 
may be less common in HIV-infected children than
in comparably treated adults, and may be related to
lower rates of chronic hepatitis B or C coinfections 
in pediatric patients. 

Monitoring 

Monitoring liver function tests as part of routine
periodic laboratory evaluations of HIV-infected
children remains an important part of standard 
monitoring. Such monitoring is particularly
important in the first few months after initiating
antiretroviral therapy or changing therapies, as liver 
toxicities may be more common early after initiating 
a new therapy [6, 30]. However, liver function 
abnormalities can occur at any time while on 
treatment. Patients with early increases in liver 
enzymes (i.e., within the first 6 weeks) should be
monitored more closely to exclude the possibility of 
hypersensitivity to the drug (e.g., NVP, abacavir 
[ABC]). On the other hand, if liver enzymes are 
elevated months after initiation of therapy, lactic 
acidosis or liver steatosis should be considered. 
Children who are co-infected with hepatitis B or C
viruses should have increased monitoring due to
potential interaction of coinfection with
development of drug toxicity.

Management 

Observations from pediatric studies and adult 
cohorts [4, 11, 19] suggest that HAART regimens
generally do not need to be interrupted for 
asymptomatic mild to moderate elevations in serum
transaminases (< 10 times ULN). Evidence of 
clinical hepatitis or severe hepatotoxicity should
trigger an investigation for other causes (e.g., 
hepatitis A, B, or C) and may result in interruption 
of ARV therapy. In children with hepatitis B
coinfection who are receiving 3TC as a component 
of HAART for treatment of HIV, continued use of
3TC should be considered, even if 3TC-resistant 
strains of HIV develop, to avoid flare-up of hepatitis 
B infection [11]. NVP-containing regimens should
be discontinued if a patient develops clinical 
hepatitis. Some experts would consider 
discontinuation of HAART in patients with hepatic 
enzyme elevation > 10 times ULN. It is important to
note that a clinical picture of acute liver failure may 
progress rapidly and may require intensive 
supportive care [19, 31]. Reintroduction of the
potential offending agent after the resolution of 
severe hepatic toxicity should be done cautiously, as 
it may result in a relapse of liver toxicity [19]. 
Rechallenge with NVP or ABC after any episode of 
acute clinical hepatitis, regardless of severity, is not 
recommended. 
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FAT MALDISTRIBUTION AND BODY 
HABITUS CHANGES

Background 

Changes in body fat distribution (lipodystrophy) 
have been reported to occur in 1% [1], 10% [2], 
18% [3], 29% [4], and 33% [5] of HIV-infected
children treated with ARVs. Lipodystrophy has been
found more commonly in adolescents than in 
prepubertal children [3]. In adults, body habitus 
changes have been reported to occur in 2 to 84% of 
patients [6-9]. These changes include either loss of 
subcutaneous fat (peripheral fat wasting, termed 
lipoatrophy), deposition of fat tissue subcutaneously
or in visceral stores (central fat deposition or
accumulation, sometimes termed truncal 
lipohypertrophy), or a mixture of the two. The body
habitus changes usually occur gradually, with the
full impact not apparent until months after the 
initiation of combination ARV therapy. Bone
mineral loss may be more common in children with
lipodystrophy [10].

In lipohypertrophy (central fat accumulation), 
findings may include central obesity, including the
presence of dorsocervical fat accumulation (“buffalo 
hump”), and increase in visceral adipose tissue 
(VAT) with increased abdominal girth and increased 
waist-to-hip ratio. Breast enlargement may occur.
Central fat accumulation syndrome may be 
somewhat more common in women than men [8].
The syndrome has been defined in pediatric case
series as trunk/arm skinfold ratio > 2 standard 
deviations from the mean [5], as dual energy x-ray
absorptiometry (DEXA)-identified increase in the 
trunk/total fat or trunk/limb fat ratio [4, 11], or based 
on the clinical findings described above [3]. 
Increased intra-abdominal adipose tissue (IAT) can 
be measured with MRI [11] or computed
tomography (CT) [12]. Single-slice cross-sectional 
measurements allow calculation of total, visceral, 

and subcutaneous adipose tissue (TAT, VAT, and 
SAT, respectively). 

Lipoatrophy is marked by sometimes dramatic 
thinning of subcutaneous fat in the face, buttocks, 
and extremities, with the decrease in peripheral
subcutaneous fat on the arms and legs associated
with a prominent appearance of peripheral veins. It
can be identified by a decrease in the ratio of 
limb/total fat or limb/truncal fat [11] on DEXA scan, 
by triceps and biceps skinfold thickness below the 
third percentile for gender and age [5], or based on
the clinical evaluation for signs noted above [3].
Lipoatrophy has been associated with PI use and  
use of NRTIs, especially stavudine (d4T) and 
didanosine (ddI) [13, 14]. It has also been associated
with very low plasma leptin concentrations [15] and 
low plasma adiponectin concentrations [16], and is 
postulated to occur from alterations in mitochondrial 
function caused by NRTIs, especially the 
dideoxynucleosides d4T, ddI, and zalcitabine (ddC) 
[17-19]. While clearly associated with NRTI 
(especially d4T) use, older age and lower pretherapy
body mass index may be more important risks [20].

Hyperlipidemia (elevated cholesterol and 
triglycerides) has been noted more commonly in 
children with body habitus changes in some, but not 
all, of the small case series reported in children [2-5,
21]. Insulin resistance may be found along with the 
body habitus changes, but hyperglycemia is rare.  
These biochemical changes frequently occur in the 
absence of changes in body habitus.  In a study of 
614 HIV-infected adults treated with PIs, metabolic 
abnormalities (alterations in glucose metabolism,
hypertriglyceridemia, or hypercholesterolemia) 
occurred in 60% of 164 adults without lipodystrophy
and in 74% of 300 persons with lipodystrophy [22].

While not always the case [22], lipohypertrophy is
more commonly associated with insulin resistance 
than is lipoatrophy [8, 16]. Lipoatrophy (with or 
without central fat accumulation) is more strongly
associated with low plasma adiponectin levels, but 
not with insulin resistance [16].

Use of PIs, especially indinavir (IDV) [23], has been
implicated in the pathogenesis of lipohypertrophy 
and insulin resistance [24]. PIs and NRTIs can 
interfere with differentiation of pre-adipocytes to
adipocytes, and the combined effect is different than 
the effect of each drug alone [25]. Use of a PI plus 
lamivudine (3TC) was associated with a syndrome 
of lactic acidemia, weight loss, and a dorsocervical 
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fat pad [14]. Cholesterol and triglyceride 
concentrations are higher in persons treated with PIs 
than in those without PI exposure [26].  Insulin 
resistance and changes in lipid metabolism (all 
clinically related to lipodystrophy syndrome) have 
been associated, through different mechanisms, with 
nelfinavir (NFV) [27, 28], IDV, ritonavir (RTV), 
amprenavir (APV) [29], efavirenz (EFV) [30], 
testosterone oversecretion [31], interleukin-6–
associated inflammation [32], and impaired growth
hormone secretion [33]. Mitochondrial dysfunction
from NRTI use has also been implicated as a 
possible cause of lipodystrophy syndrome [34, 35]. 

As with obesity in children without HIV, genetic 
and developmental characteristics, interacting with
diet [36] and drug exposure and duration [37], may 
be important in development of the metabolic and 
body habitus changes of the lipodystrophy syndrome 
[38]. In a comparison of serum lipids, glucose 
homeostasis, and abdominal adipose tissue 
distribution in 50 HIV-infected children ages 3 to 18
years in Toronto, serum cholesterol, LDL 
cholesterol, and triglycerides were statistically
significantly higher in 30 PI-treated children
compared with 20 children not treated with PIs [21]. 
However, glucose homeostasis was more closely
associated with Tanner stage than with HIV therapy,
and VAT to SAT ratio (i.e., lipohypertrophy) was 
most closely associated with patient age [21]. In
another study, insulin resistance in the adipose tissue 
was present to similar degree in 6 children with 
HIV-associated lipohypertrophy and 6 obese 
children without HIV infection, but such insulin
resistance was not found in 8 children with HIV but
without lipohypertrophy [39]. 

Assessment and Monitoring 

There are currently no modalities recommended for 
routine assessment and monitoring for the 
lipodystrophy syndrome. Anthropometric 
measurements of potential usefulness include waist 
circumference, waist-to-hip ratio, and triceps 
skinfold thickness. Appropriate age, gender, and 
race standards exist for many of these 
measurements, and studies have measured the extent 
of abnormality in these characteristics in children
with HIV [5, 11]. However, data are lacking on
sensitivity, specificity, and predictive value of these 
tests in identifying patients with lipoatrophy or 
lipohypertrophy. Their use requires considerable
training of personnel to achieve reproducible results. 

While promising because of low cost and safety, 
routine use of anthropometric measurements cannot 
yet be recommended to identify fat maldistribution 
syndromes in children with HIV infection.

While single-slice MRI and CT scanning can 
accurately measure TAT, VAT, and SAT, there are 
no studies that take age, gender, race, and nutritional 
status into account to allow for appropriate
standardization and interpretation of the results.
Both methods are expensive, and CT scanning has
the added disadvantage of radiation exposure. 
Bioelectrical impedance analysis (BIA) can be used 
to measure whole-body composition, but it cannot 
be used to measure regional distribution of body fat, 
which is key to identifying the lipoatrophy or
lipohypertrophy syndromes. DEXA scanning has 
been used by some investigators, but it cannot 
differentiate VAT from truncal SAT, and
appropriate normal reference standards are not
available; interpretation of results can be quite 
misleading. Ultrasound can be used for 3-
dimensional measurements of adipose and lean body
tissue, but there are no data on this modality in 
children. 

Treatment 

Because there are multiple potential causes of the fat 
maldistribution syndrome, the effectiveness of an
intervention will depend on matching appropriate 
treatment to underlying cause. No therapy has 
proven to be of benefit in large numbers of affected
patients, and there are few data on treatment 
outcomes in children. Studies in children are needed 
before specific treatments can be recommended.
Such studies should use standardized definitions of 
the syndrome and follow-up measurements, control 
for the effect of normal development (Tanner stage), 
and perhaps compare diet and exercise to other 
possible interventions. 

The syndromes of peripheral fat wasting, central fat
deposition, and the metabolic syndromes that may
accompany body habitus changes are not mutually 
exclusive. In fact, many patients whose clinical 
picture is most obviously marked by central fat 
deposition also have peripheral fat wasting upon
careful measurement. Exact definitions of the 
metabolic syndromes and body habitus changes 
associated with HIV and ARV therapy are still 
evolving. Lack of standard definitions is a 

                                                                                                                                                                                                  Page 12  
Supplement III:  Pediatric Adverse Drug Events 



Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection 
November 3, 2005 

 
particularly important issue when trying to evaluate 
potential effects of treatment. 

Metabolic abnormalities and, to a lesser extent, 
truncal fat accumulation can be partially reversed by
switching patients from PIs to NVP or EFV [40], 
although such a switch may be associated with 
breakthrough viremia and should be undertaken
cautiously [41, 42]. Diet and exercise may also help 
reverse these fat maldistribution and body habitus 
abnormalities [43, 44].

Because of the association of lipoatrophy with the 
use of certain NRTIs, avoidance of d4T and 
especially the combination of d4T and ddI may help 
in prevention or treatment. 

Other experimental interventions for patients with
body fat changes associated with HIV and its 
therapy include insulin-sensitizing medications such
as metformin [45, 46] and thiazolidinediones [47]; 
hormones, including growth hormone and 
testosterone [48]; and surgery [49]. Since exercise 
and diet [43, 44] and metformin and exercise [45,
46] both improve the abnormalities of 
lipohypertrophy/metabolic syndrome, a trial 
comparing diet [50] and exercise with drug therapies 
such as metformin or rosiglitazone is needed. Such 
trials in children would need to control for age and 
developmental (Tanner) stage, as well as for the
impact of the intervention. 

Changes in appearance may be slow to resolve even
after changes in therapy, and the choice between 
loss of viral control and change in appearance may
be difficult, especially for adolescents. 

References:  

1. Babl FE, Regan AM, Pelton SI. Abnormal body-
fat distribution in HIV-1-infected children on
antiretrovirals. Lancet, 1999. 353(9160):1243-4. 

2. Temple ME, Koranyi KI, Nahata MC. 
Lipodystrophy in HIV-infected pediatric patients 
receiving protease inhibitors. Ann Pharmacother, 
2003. 37(9):1214-8. 

3. Amaya RA, Kozinetz CA, McMeans A,  et al. 
Lipodystrophy syndrome in human 
immunodeficiency virus-infected children. Pediatr 
Infect Dis J, 2002. 21(5):405-10. 

4. Arpadi SM, Cuff PA, Horlick M, et al. 
Lipodystrophy in HIV-infected children is 
associated with high viral load and low CD4+ -
lymphocyte count and CD4+ -lymphocyte 

percentage at baseline and use of protease 
inhibitors and stavudine. J Acquir Immune Defic
Syndr, 2001. 27(1):30-4. 

5. Jaquet D, Levine M, Ortega-Rodriguez E, et al. 
Clinical and metabolic presentation of the 
lipodystrophic syndrome in HIV-infected children. 
AIDS, 2000. 14(14):2123-8. 

6. Carr A. HIV protease inhibitor-related
lipodystrophy syndrome. Clin Infect Dis, 2000. 
Suppl 2:S135-42. 

7. Thiebaut R, Daucourt V, Mercie P, et al. 
Lipodystrophy, metabolic disorders, and human 
immunodeficiency virus infection: Aquitaine
Cohort, France, 1999. Groupe d'Epidemiologie 
Clinique du Syndrome d'Immunodeficience
Acquise en Aquitaine. Clin Infect Dis, 2000. 
31(6):1482-7. 

8. Shevitz A, Wanke CA, Falutz J, Kotler DP. 
Clinical perspectives on HIV-associated 
lipodystrophy syndrome: an update. AIDS, 2001. 
15(15):1917-30. 

9. Wanke CA, Falutz JM, Shevitz A, et al. Clinical 
evaluation and management of metabolic and 
morphologic abnormalities associated with human
immunodeficiency virus. Clin Infect Dis, 2002. 
34(2):248-59. 

10. Mora S, Sala N, Bricalli D, et al. Bone mineral loss 
through increased bone turnover in HIV-infected
children treated with highly active antiretroviral 
therapy. AIDS, 2001.15(14):1823-9. 

11. Brambilla P, Bricalli D, Sala N, et al. Highly 
active antiretroviral-treated HIV-infected children
show fat distribution changes even in absence of
lipodystrophy. AIDS, 2001. 15(18):2415-22. 

12. Seidell JC, Bakker CJ, van der Kooy K. Imaging 
techniques for measuring adipose-tissue 
distribution--a comparison between computed
tomography and 1.5-T magnetic resonance. Am J
Clin Nutr, 1990. 51(6):953-7. 

13. Chene G, Angelini E, Cotte L, et al. Role of long-
term nucleoside-analogue therapy in lipodystrophy
and metabolic disorders in human 
immunodeficiency virus-infected patients. Clin
Infect Dis, 2002. 34(5):649-57. 

14. Carr A, Miller J, Law M, Cooper DA. A syndrome
of lipoatrophy, lactic acidaemia and liver 
dysfunction associated with HIV nucleoside 
analogue therapy: contribution to protease 
inhibitor-related lipodystrophy syndrome. AIDS, 
2000. 14(3):F25-32. 

15. Estrada V, Serrano-Rios M, Martinez Larrad MT, 
et al. Leptin and adipose tissue maldistribution in
HIV-infected male patients with predominant fat 
loss treated with antiretroviral therapy. J Acquir
Immune Defic Syndr, 2002. 29(1):32-40. 

16. Lindegaard B, Keller P, Bruunsgaard H, et al. Low 
plasma level of adiponectin is associated with 

                                                                                                                                                                                                  Page 13  
Supplement III:  Pediatric Adverse Drug Events 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10217092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12921501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12150177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=11404517&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=11404517&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11061653
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10860898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11096016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11600819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11740715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11579244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11740192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=2349931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11810598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10716495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11782587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14738456


Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection 
November 3, 2005 

 
stavudine treatment and lipodystrophy in HIV-
infected patients. Clin Exp Immunol, 2004. 
135(2):273-9. 

17. Cherry CL, Gahan ME, McArthur JC, et al. 
Exposure to dideoxynucleosides is reflected in
lowered mitochondrial DNA in subcutaneous fat. J 
Acquir Immune Defic Syndr, 2002. 30(3):271-7. 

18. Cossarizza A, Mussini C, Vigano A. Mitochondria 
in the pathogenesis of lipodystrophy induced by
anti-HIV antiretroviral drugs: actors or 
bystanders? Bioessays, 2001. 23(11):1070-80. 

19. Cossarizza A, Pinti M, Moretti L, et al. 
Mitochondrial functionality and mitochondrial 
DNA content in lymphocytes of vertically infected 
human immunodeficiency virus-positive children 
with highly active antiretroviral therapy-related
lipodystrophy. J Infect Dis, 2002. 185(3):299-305. 

20. McComsey G, Maa JF. Host factors may be more 
important than choice of antiretrovirals in the 
development of lipoatrophy. AIDS Read, 2003. 
13(11):539-42, 559. 

21. Bitnun A, Sochett E, Babyn P, et al. Serum lipids, 
glucose homeostasis and abdominal adipose tissue 
distribution in protease inhibitor-treated and naive 
HIV-infected children. AIDS, 2003. 17(9):1319-27. 

22. Saves M, Raffi F, Capeau J, et al. Factors related 
to lipodystrophy and metabolic alterations in
patients with human immunodeficiency virus 
infection receiving highly active antiretroviral 
therapy. Clin Infect Dis, 2002. 34(10):1396-405. 

23. Miller KD, Jones E, Yanovski JA, et al. Visceral 
abdominal-fat accumulation associated with use of 
indinavir. Lancet, 1998. 351(9106):871-5. 

24. Bockhorst JL, Ksseiry I, Toye M, et al. Evidence
of human immunodeficiency virus-associated
lipodystrophy syndrome in children treated with
protease inhibitors. Pediatr Infect Dis J, 2003. 
22(5):463-5. 

25. Roche R, Poizot-Martin I, Yazidi CM, et al. 
Effects of antiretroviral drug combinations on the 
differentiation of adipocytes. AIDS, 2002. 
16(1):13-20. 

26. Carr A, Samaras K, Thorisdottir A, et al. 
Diagnosis, prediction, and natural course of HIV-1 
protease-inhibitor-associated lipodystrophy,
hyperlipidaemia, and diabetes mellitus: a cohort 
study. Lancet, 1999. 353(9170):2093-9. 

27. Rudich A, Vanounou S, Riesenberg K, et al. The 
HIV protease inhibitor nelfinavir induces insulin
resistance and increases basal lipolysis in 3T3-L1
adipocytes. Diabetes, 2001. 50(6):1425-31. 

28. Ben-Romano R, Rudich A, Torok D, et al. Agent
and cell-type specificity in the induction of insulin
resistance by HIV protease inhibitors. AIDS, 2003. 
17(1):23-32. 

29. Zhang B, MacNaul K, Szalkowski D, et al. 
Inhibition of adipocyte differentiation by HIV 

protease inhibitors. J Clin Endocrinol Metab, 
1999. 84(11):4274-7. 

30. Hadri KE, Glorian M, Monsempes C, et al. In vitro 
suppression of the lipogenic pathway by the 
nonnucleoside reverse transcriptase inhibitor 
efavirenz in 3T3 and human preadipocytes or 
adipocytes. J Biol Chem, 2004. 279(15):15130-41. 

31. Dahan MH, Lyle LN, Wolfsen A, Chang RJ. Tumor-
level serum testosterone associated with human
immunodeficiency virus lipodystrophy syndrome. 
Obstet Gynecol, 2004. 103(5 Pt 2):1094-6.

32. Kim HJ, Higashimori T, Park SY, et al. 
Differential effects of interleukin-6 and -10 on
skeletal muscle and liver insulin action in vivo. 
Diabetes, 2004. 53(5):1060-7. 

33. Vigano A, Mora S, Brambilla P, et al. Impaired
growth hormone secretion correlates with visceral 
adiposity in highly active antiretroviral treated
HIV-infected adolescents. AIDS, 2003. 
17(10):1435-41. 

34. Kakuda TN, Brundage RC, Anderson PL, Fletcher 
CV. Nucleoside reverse transcriptase inhibitor-
induced mitochondrial toxicity as an etiology for
lipodystrophy. AIDS, 1999. 13(16):2311-2. 

35. Brinkman K, Smeitink JA, Romijn JA, Reiss P. 
Mitochondrial toxicity induced by nucleoside-
analogue reverse-transcriptase inhibitors is a key
factor in the pathogenesis of antiretroviral-therapy-
related lipodystrophy. Lancet, 1999. 
354(9184):1112-5. 

36. Miller TL. Nutritional aspects of HIV-infected
children receiving highly active antiretroviral 
therapy. AIDS, 2003. 17(Suppl 1):S130-40. 

37. Vigano A, Mora S, Testolin C, et al. Increased
lipodystrophy is associated with increased
exposure to highly active antiretroviral therapy in
HIV-infected children. J Acquir Immune Defic 
Syndr, 2003. 32(5):482-9. 

38. Tershakovec AM, Frank I, Rader D. HIV-related 
lipodystrophy and related factors. Atherosclerosis, 
2004. 174(1):1-10. 

39. Beregszaszi M, Jaquet D, Levine M, et al. Severe
insulin resistance contrasting with mild
anthropometric changes in the adipose tissue of
HIV-infected children with lipohypertrophy. Int J 
Obes Relat Metab Disord, 2003. 27(1):25-30. 

40. McComsey G, Bhumbra N, Ma JF, et al. Impact of 
protease inhibitor substitution with efavirenz in
HIV-infected children: results of the First Pediatric 
Switch Study. Pediatrics, 2003. 111(3):e275-81. 

41. Martinez E, Conget I, Lozano L, et al. Reversion 
of metabolic abnormalities after switching from
HIV-1 protease inhibitors to nevirapine. AIDS, 
1999. 13(7):805-10. 

42. Barreiro P, Soriano V, Blanco F, et al. Risks and 
benefits of replacing protease inhibitors by
nevirapine in HIV-infected subjects under long-

                                                                                                                                                                                                  Page 14  
Supplement III:  Pediatric Adverse Drug Events 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14738456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12131563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11746223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11807711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14649623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12799553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11981737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9525365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12797313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11741158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10382692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11375344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12478066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10566684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10566684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14722061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15121620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15047622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12824780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10563722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=10509516&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12870539
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12679698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15135244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12532150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12612284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10357379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10839588


Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection 
November 3, 2005 

 
term successful triple combination therapy. AIDS, 
2000. 14(7):807-12. 

43. Roubenoff R, Weiss L, McDermott A, et al. A
pilot study of exercise training to reduce trunk fat 
in adults with HIV-associated fat redistribution.
AIDS, 1999. 13(11):1373-5. 

44. Roubenoff R, Schmitz H, Bairos L, et al. 
Reduction of abdominal obesity in lipodystrophy
associated with human immunodeficiency virus 
infection by means of diet and exercise: case 
report and proof of principle. Clin Infect Dis, 
2002. 34(3):390-3. 

45. Driscoll SD, Meininger GE, Ljungquist K, et al. 
Differential effects of metformin and exercise on 
muscle adiposity and metabolic indices in human 
immunodeficiency virus-infected patients. J Clin
Endocrinol Metab, 2004. 89(5):2171-8. 

46. Driscoll SD, Meininger GE, Lareau MT, et al. 
Effects of exercise training and metformin on body
composition and cardiovascular indices in HIV-
infected patients. AIDS, 2004. 18(3):465-73. 

47. Hadigan C, Yawetz S, Thomas A,  et al. Metabolic
effects of rosiglitazone in HIV lipodystrophy: a 
randomized, controlled trial. Ann Intern Med, 
2004. 140(10):786-94. 

48. Benavides S, Nahata MC. Pharmacologic therapy
for HIV-associated lipodystrophy. Ann 
Pharmacother, 2004. 38(3):448-57. 

49. Schambelan M, Benson CA, Carr A, et al. 
Management of metabolic complications 
associated with antiretroviral therapy for HIV-1 
infection: recommendations of an International 
AIDS Society-USA panel. J Acquir Immune Defic 
Syndr, 2002. 31(3):257-75. 

50. Hadigan C. Dietary habits and their association 
with metabolic abnormalities in human
immunodeficiency virus-related lipodystrophy.
Clin Infect Dis, 2003. 37(Suppl 2):S101-4.

HYPERLIPIDEMIA 

Background 

Derangements in lipid metabolism, as evidenced by
elevated total cholesterol, triglycerides (TG), and 
low density lipoprotein cholesterol (LDL-c) and 
decreases in high density lipoprotein cholesterol 
(HDL-c) occur frequently in HIV-infected adults,
particularly those receiving PIs [1-10]. Proposed 
explanations for PI-associated dyslipidemia include 
abnormalities of retinoic acid metabolism, impaired 
lipid clearance, impaired adipogenesis,
apolipoprotein abnormalities, and increased hepatic 
TG, fatty acid, and sterol synthesis [11]. Among the 

PIs, the incidence of hypertriglyceridemia is the 
highest with ritonavir (RTV) (2.6-fold higher than 
the other PIs) and lowest (or absent) with atazanavir 
(ATV) [1, 7, 12]. There are few published reports on
the effects of PIs on lipid levels in children and 
adolescents. In a recent Swiss retrospective study of 
66 PI-treated children, the initiation of RTV therapy
resulted in a doubling of both total cholesterol and 
TG levels [13]. Nelfinavir (NFV) administration 
resulted in increases in total cholesterol levels, but 
not in TG [13]. Among the NRTIs, stavudine (d4T) 
is most commonly associated with hyperlipidemia 
[5]. Nevirapine (NVP) and, to a lesser extent, 
efavirenz (EFV) may actually increase HDL-c levels 
over time and have potentially antiatherogenic 
effects [14]. 

While the risks associated with hyperlipidemia in 
adults are well documented and HIV PI therapy is 
associated with increased cardiovascular disease 
(CVD), there are no studies documenting a 
relationship between elevated cholesterol levels in
children and an increased risk of premature death, as
in adults [13-20]. Persistent dyslipidemia in
children, however, is likely to lead to premature 
CVD, with evidence of atherosclerotic disease 
similar to that seen in children heterozygous for 
familial hypercholesterolemia (FH) [13, 20]. The 
National Cholesterol Education Program (NCEP) 
classification of fasting cholesterol levels in children
and adolescents is listed in Table 2 [16, 17]. 

Table 2. NCEP Classification of Fasting 
Cholesterol Levels in Children and 
Adolescents [16, 17].

Category Total 
Cholesterol 

LDL 
Cholesterol 

High >200 mg/dL >130 mg/dL 

Borderline 170-199 mg/dL 110-129 mg/dL 

Acceptable <170 mg/dL <110 mg/dL 

Triglyceride levels below 200 mg/dL are
considered acceptable.

                                                                                                                                                                                                  Page 15  
Supplement III:  Pediatric Adverse Drug Events 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10839588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10449291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11774087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15126538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15090799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15148065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14755064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12439201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12942382


Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection 
November 3, 2005 

 

Monitoring 

For HIV-infected adolescents and adults, the adult 
ACTG guidelines outline recommendations for 
evaluating and monitoring patients who are initiating
HAART or are currently on ARV medications [21]. 
A fasting (12 hour) lipid profile, including total 
cholesterol, HDL-c, and TG, with calculation of 
LDL-c, is recommended before initiating ARV 
therapy and should be repeated every 3 to 6 months 
[21, 22]. In adult patients with advanced HIV
disease and immune deficiency, changes in 
lipoprotein metabolism include decreases in total 
cholesterol, LDL-c, and HDL-c and increases in TG 
[14]. Monitoring of the ratio of total: HDL-c or the 
non-HDL–c fraction (total cholesterol minus HDL-
c) may be more useful with advanced disease or 
significant hyperlipidemia [14]. In certain
circumstances, monitoring of random (non-fasting) 
lipid profiles may be useful as a screening 
mechanism when obtaining fasting specimens is
problematic, such as for children who live a great 
distance from the clinical setting or in infants or 
young children. If non-fasting TG or total or LDL 
cholesterol are elevated, then fasting levels should 
be determined on a schedule similar to that outlined 
above for adolescents and adults. Many laboratories 
now offer direct LDL-c measurements that permit 
assessment in non-fasting samples. This is another 
option in cases where fasting samples are difficult to
obtain. 

Management  

The policy statement by the American Academy of 
Pediatrics emphasizes dietary changes and exercise
as the cornerstones in the management of 
dyslipidemia in children without HIV infection [17]. 
As in adults with HIV-infection, these lifestyle 
changes may be difficult to achieve in some
pediatric patients with HIV [23]. An adequate trial
period of 6 to 12 months should be given to these 
management strategies, except in those patients at
high risk for pancreatitis (patients with TG greater 
than or equal to 500 mg/dL), in whom prompt 
intervention may be required [24-26]. If these efforts 
fail to produce the desired response, drug therapy for 
dyslipidemia should be considered. Persistence after 
an adequate trial of lifestyle changes of total 
cholesterol > 200 mg/dL or LDL cholesterol > 130 
mg/dL, especially with a positive family history of 
premature CVD or 2 or more positive risk factors 
(including smoking), merits drug therapy, although

present experience is limited to children over 10
years of age [17]. 

There are few prospective studies of lipid-lowering
therapy in adults with HIV infection and no
published studies in pediatric patients with HIV
infection [7, 23, 27-30]. Recently, the Adult ACTG 
Cardiovascular Disease Focus Group developed
preliminary guidelines for the evaluation and
management of dyslipidemia in HIV-infected adults 
receiving ARV agents [21]. The available classes of 
drugs used to treat hyperlipidemias include the 
HMG-CoA reductase inhibitors (statins), fibrates, 
niacin, and bile acid sequestering agents (Table 3). 
Recently approved, ezetimibe (Zetia) is in a new 
class of lipid-lowering compounds that selectively
inhibit the intestinal absorption of cholesterol and 
related phytosterols. There is limited pediatric 
information, but ezetimibe appears to be safe and 
effective when combined with dietary interventions 
and statins in children over the age of ten without
HIV infection. The bile acid sequestrants such as 
cholestyramine and colestipol have been widely
studied in children, but are not recommended in
HIV-infected patients because they are poorly 
tolerated and have the potential for significant 
interference with the absorption of ARV agents and 
vitamins [21]. Niacin is associated with many side 
effects, such as cutaneous flushing, pruritis, and 
hepatotoxicity. In addition, niacin causes insulin 
resistance and should be used with caution in
patients taking PIs [21]. 

The most widely prescribed lipid-lowering agents 
for adults with HIV infection are the statins. The
effectiveness of the statins in decreasing cholesterol 
and TG has ranged from 25 to 60% and 10 to 15%, 
respectively [7, 28-31]. There are multiple drug
interactions involving the statins and the PIs and 
NNRTIs. Lovastatin and simvastatin should not be 
used because the PIs significantly increase serum
concentrations of these agents by inhibiting 
CYP3A4 isoenzyme activity, thereby increasing the
likelihood of toxicity [21, 32, 33]. Pravastatin
appears to be the least affected by CYP3A 
inhibition, and is the preferred agent when combined 
with the PIs [32]. Atorvastatin metabolism is 
moderately inhibited; it should be used with caution 
at reduced doses. The risks associated with elevated 
statin concentrations are significant and include 
hepatotoxicity, skeletal muscle toxicity, and 
rhabdomyolysis. NVP and EFV are CYP3A 
inducers and may decrease statin concentrations 
significantly [21, 34]. 
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There are currently two statins that can be 
recommended for use in pediatric patients taking 
ARV agents: pravastatin (preferred) and atorvastatin
(alternative) [35-42]. Approved pravastatin dosing in 
children is 20 mg/day for children ages 8 to 13 years 
and 40 mg/day for adolescents 14 to 18 years of age 
(manufacturer prescribing information). Atorvastatin
has been studied in children over the age of 10, in
whom doses of 10 to 20 mg/day have been used
safely. The manufacturer’s prescribing information 
was obtained in pediatric patients with FH, who 
generally had modest improvements in lipid 
parameters [37, 41]. Therapy with pravastatin and 
atorvastatin should be initiated at the lowest possible 
dose and titrated to response every 4 weeks or at
longer intervals as needed to reduce cholesterol
levels to the acceptable range. Treatment goals are 
for LDL-c levels < 130 mg/dL and TG levels < 150
mg/dL. Liver function tests and creatine kinase
levels should be monitored prior to institution of 
statin therapy, every 12 weeks during therapy, and
whenever dosages are increased. Long-term safety 
and efficacy of the statins in children has not been 
established. The statins are teratogenic and should 
not be used in female patients who may become
pregnant. 

The fibrates, which include gemfibrozil and 
fenofibrate, are alternative agents useful in patients 
with elevated TG levels. These agents lower TG 
levels by 30 to 55%, but have only a modest effect on
HDL-c and mild effects on LDL-c [7, 18, 31]. In
patients with severe refractory hyperlipidemia, a 
combination of statins with fibrates may be required. 
However, this combination is associated with an 
increased risk of myopathy and rhabdomyolysis, and 
should be avoided if possible [21, 23, 31]. 
Gemfibrozil is not approved for use in children, and 
very limited dosing information is available. 
Published data, limited to 2 case reports and one 
small study of children with nephrotic syndrome, 
suggest that improvements in lipid profiles can be
safely achieved in children with gemfibrozil at doses 
ranging from 150 to 300 mg twice a day [43-45]. 
There have been no studies of potential drug 
interactions between these agents and ARV therapies.

When virologically appropriate, another approach in
the management of dyslipidemia associated with HIV
infection is to switch ARV therapies from those 
containing PIs to those with the NNRTIs EFV or 
NVP. This strategy has been studied in a number of 
adult patients with varying success [19, 22, 46, 47]. 
The overall trend in these studies has been no change 

or modest increases in HDL-c and no change or 
modest decreases in TG [47]. Recently, the results of 
the first pediatric switch study were reported; 17 
children in the study well-maintained on a PI-
containing regimen were changed to an EFV-
containing regimen [48]. The authors were able to
show significant improvements in fasting cholesterol,
LDL cholesterol, TG, and cholesterol/HDL ratio [48]. 
However, in this small study, mean baseline levels for 
cholesterol were only 203 mg/dL (+/- 50), mean 
LDL-c 124 mg/dL (+/- 42), and only 2 children had 
triglyceride levels slightly above 200 mg/dL [48]. 
Whether similar improvements would be seen in
pediatric patients with significantly elevated lipid
parameters is not known at this time. Another strategy
would be to switch to the new PI atazanavir, which
has been shown to reverse lipodystrophy in some
adult patients [49]. Limitations to this approach are 
that the drug is not approved for children, and no
dosing information is available for this age group.

Recommendations 

Children on combination ARV therapy should have
serum lipids monitored at baseline, before a new 
agent is introduced, and at least every 6 months. 
Dietary changes and exercise should be the first 
strategies initiated in children with ARV-related
hyperlipidemias. For those patients unresponsive to
adequate trials (6 to 12 months) of dietary changes
and exercise or for patients at high risk for 
pancreatitis, other management strategies may be 
necessary, including changes in ARV regimens or 
the use of lipid-lowering agents. Changes in ARV
therapy regimens have been studied primarily in 
adults but have had varying success rates and may
not be appropriate for patients who are well
maintained on their current regimens. However, in a 
child with hyperlipidemia unresponsive to dietary
measures, a change in ARV therapy to a regimen 
less likely to cause hyperlipidemia may be 
considered, taking into account the potency of the
regimen and the possibility of drug resistance.
Alternatively, the use of statin agents such as 
pravastatin can be initiated in an attempt to decrease 
elevated LDL-c to the target goal of < 130 mg/dL or 
TG of < 150 mg/dL. In patients who have failed 
conservative approaches, the risks of new treatment-
related toxicities and virologic relapse that could 
occur with changes in therapy must be weighed
against the potential risks of drug interactions and
toxicities associated with the use of lipid-lowering
agents [22]. 
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Table 3.  Classes of Drugs Used to Treat Hyperlipidemias 

Drug Class Effects Agents  Pharmacologic Considerations Side Effects 

Statins LDLÈ

HDLÇ

TG È,↑

Pravastatin (Pravachol) 

Fluvastatin  (Lescol) 

Atorvastatin (Lipitor) 

Lovastatin (Mevacor, 
Altocor, generic) 

Simvastatin (Zocor) 

Rosuvastatin (Crestor) 

Preferred agent–less drug interaction

Alternative–use with caution

Alternative–use with caution

Not recommended–AUC increased 
with PI

Not recommended–AUC increased 
with PI 

Not recommended–insufficient data 

Serious toxicities 
include
hepatotoxicity, 
skeletal muscle
toxicity, and 
rhabdomyolysis 

Bile acid
sequestrants  

LDL È

HDLÇ

TG same,È

Cholestyramine (Questran,
generic) * 

Colestipol (Colestid) 

Colesevelam (WelChol) 

Potential interference with absorption
of antiretroviral medications for this 
class of agents

Unpalatable 
gastrointestinal
side effects such
as bloating and 
constipation

Nicotinic 
acid  

LDL È

HDLÇ

TG È

Nicotinic acid (niacin, 
generic) 

Extended/sustained release 
nicotinic acid preparations
(Niaspan, Slo-Niacin) 

Causes insulin resistance and may 
pose additional problems if PIs are 
used

Cutaneous
flushing and
pruritus (less with
extended-release 
preparations);
hepatotoxicity

Fibrates LDL È

HDLÇ

TG È

Gemfibrozil (Lopid,
generic) 

Fenofibrate (Tricor) 

Clofibrate (Atromid-S, 
generic) 

Combination of fibrates with statins 
may result in myopathy and
rhabdomyolysis; should be avoided if
possible 

Serious toxicities 
include bone 
marrow 
suppression and 
myositis 

Cholesterol 
absorption 
inhibitor 

LDL↓

HDL same

TG↓

Ezetimibe (Zetia) Additional benefit to patients on
statins with primary 
hypercholesterolemia (not studied 
with PIs) 

Well tolerated 

Stanol ester 
margarines

LDL↓ Benecol* Dietary adjunct Well tolerated 

Psyllium LDL↓ Metamucil* Dietary adjunct Well tolerated 

* FDA approved for use in children  
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HYPERGLYCEMIA AND 
INSULIN RESISTANCE 

Background  

Insulin resistance without fasting hyperglycemia, 
asymptomatic fasting hyperglycemia, new onset
diabetes mellitus, and exacerbations of pre-existing
diabetes have all been reported in patients treated
with ARV therapy [1-3], especially [4] but not 
exclusively [5] with PI-containing regimens. 
Incidence estimates of 3 to 17% are suggested for 
hyperglycemia in adults, with median onset 
approximately 60 days following initiation of ARV
therapy. Insulin resistance is associated with 
increased free fatty acids [6] and is a common 
accompaniment of the lipodystrophy/fat
maldistribution syndromes, which may occur in up
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to 33% of children treated with PIs [7] or stavudine
(d4T) [5]. New onset clinical diabetes occurs only 
rarely in children or adolescents treated with PIs [8].
While insulin and glucose abnormalities may resolve 
with change from PI therapy, the abnormalities may
persist in some patients. 

It is unknown if subclinical insulin resistance may be 
associated with growth delay in patients on therapy 
for HIV infection, but even in the absence of therapy, 
some HIV-infected children with growth delay were 
shown to have in vitro resistance to insulin-like
growth factor-1, growth hormone, and insulin [9]. In
general, oral glucose tolerance tests may identify 
insulin resistance in the absence of fasting 
hyperglycemia, and insulin resistance without fasting 
hyperglycemia has been found to cause growth delay
in children with cystic fibrosis [10].

Most patients with insulin resistance, with or 
without fasting hyperglycemia associated with ARV 
therapy, will remain overtly asymptomatic. In 
adults, insulin resistance may lead to early
atherosclerosis. It is unclear if ARV-associated
insulin resistance has the same effect in children, as 
this has not been studied in children or adolescents. 

Recommendations for Monitoring 
When starting PIs, guardians and patients should be
educated about symptoms of overt diabetes mellitus
(polyuria, polyphagia, polydipsia, weight loss). 
Patients with signs of overt diabetes mellitus or 
ketoacidosis should certainly be evaluated with 
appropriate testing, including fasting blood sugar 
and, possibly, oral glucose tolerance tests.

For patients with fat maldistribution syndromes or 
with risk factors for type 2 diabetes mellitus, fasting 
blood glucose measurements may identify fasting 
hyperglycemia (fasting blood glucose > 110/dL). In
addition, oral glucose tolerance tests may identify
insulin resistance in the absence of fasting 
hyperglycemia. 

Routine fasting or random blood glucose or
hemoglobin A1c measurements are not routinely
indicated in asymptomatic patients without other 
risk factors for type 2 diabetes mellitus. For adults, 
the International AIDS Society-USA recommends a 
fasting blood glucose measurement before starting
treatment with PIs, at 3 to 6 months after institution 
of therapy, and yearly while on therapy [11]. Fasting 
blood glucose measurements may be difficult to

arrange in the outpatient setting and will not identify
insulin resistance without fasting hyperglycemia, 
and routine measurement of fasting glucose in 
asymptomatic children being treated with PIs is of 
unproven benefit. Therefore, routine fasting blood 
glucose measurements are not recommended for 
children. 

For ease of ordering or because laboratory “panels” 
are less expensive, blood glucose measurements are 
sometimes sent with a panel of laboratory tests, even
in the absence of signs or symptoms of diabetes. 
Such testing may result in identification of elevated 
random glucose concentration in some patients. 
Random glucose measurements repeatedly greater 
than 140 mg/dL should be followed by measurement 
of fasting glucose. If the fasting glucose value is 
repeatedly greater than 110 mg/dL, further testing 
might be needed, as noted above. 

Treatment 

For patients with symptomatic diabetes mellitus, 
studies are currently assessing the benefit of 
switching a PI component of a multi-drug regimen 
to another ARV agent, such as nevirapine, efavirenz,
or abacavir. Definitive data are not yet available. 
Treatment with oral insulin-sensitizing agents or 
insulin is instituted as required. 

For patients with glucose abnormalities associated
with lipodystrophy, an exercise program combined 
with a moderate-fat, low-glycemic-index, high-fiber 
diet is indicated; this can reverse several aspects of 
lipodystrophy, including mild to moderate insulin 
resistance [12]. Change from PI therapy might also 
be indicated in this setting. 

For patients with insulin resistance without fasting 
hyperglycemia, or for those with asymptomatic fasting
hyperglycemia, no recommendation can be made as to 
whether or not ARV regimens should be changed. 
Other factors, including virologic and immunologic 
response to therapy and remaining treatment 
alternatives, must be taken into consideration when
evaluating the possibility of a change in therapy.
Substitution of the PI component of a multi-drug
regimen is of unproven benefit in this circumstance. 
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OSTEOPENIA, OSTEOPOROSIS, AND 
OSTEONECROSIS 

Background 

Decreased bone mineral density (BMD) is now 
recognized as one of the emerging metabolic 
complications of HIV infection in adults and 
children [1, 2]. Osteoporosis is characterized by
severe loss of bone mass and disruption of skeletal
microarchitecture, which can lead to increased risk
of spontaneous atraumatic and traumatic fractures of 
the bone [3]. Osteopenia refers to a thinning of the 
bone that can precede osteoporosis. The temporal 
linkage of increased recognition of these conditions 
in HIV-infected individuals with increased use of 
HAART has suggested a potential relationship to 
antiretroviral therapy. In a cross-sectional study, a 2-
fold increase in the incidence of osteopenia and 
osteoporosis was observed in HIV-infected adults 
receiving combination therapy including PIs 
compared to HIV-infected adults not receiving PIs 
[4]. Evidence for a decrease in bone formation and 
an increase in serum markers of bone resorption has 
been demonstrated in HIV-infected adults receiving 
potent antiretroviral therapy, particularly PIs [5, 6].  

A postulated mechanism for decreased BMD due to
PI therapy is inhibition of the hepatic CYP450
enzyme that mediates vitamin D metabolism to its 
most potent circulating metabolite, part of an 
essential process for vitamin D control of calcium
homeostasis [3, 7]. However, BMD changes have
also been observed in HIV-infected adults receiving 
antiretroviral regimens without PIs, such as
tenofovir (TDF) or stavudine (d4T) in combination
with lamivudine and efavirenz; the changes in BMD
were associated with increased lactate levels, 
suggesting possible NRTI-associated mitochondrial 
toxicity [8]. Osteoporosis has been linked to
mitochondrial deletions in young men without HIV
infection, some of whom had asymptomatic 
hyperlactatemia but few other clinical features of 
mitochondrial disease [3, 9, 10]. 

Data on BMD in HIV-infected children are limited. 
In a study of bone metabolism markers in 35 HIV-
infected children receiving HAART, 5 HIV-infected
antiretroviral-naïve children, and 314 HIV-
uninfected control children, HAART-treated
children were found to have lower spine BMD
values than HIV-infected children on no therapy or 
uninfected children, whereas spine and total body
BMD were similar in HIV-infected untreated and 
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uninfected children [11]. Additionally, total body
BMD was lower in HAART-treated children who 
had lipodystrophy than in those without
lipodystrophy. Serum markers of bone formation 
and resorption were also higher in HIV-infected
children receiving HAART, indicating increased
rates of bone turnover. 

However, a higher than expected prevalence of 
reduced BMD has also been described among HIV-
infected children and adults not receiving 
antiretroviral drugs, suggesting that HIV infection 
itself may also be a contributing factor, possibly
through immune activation and cytokine production, 
direct infection of osteogenic cells, or HIV-related
changes in endocrinologic function [1, 3, 6, 12-14]. 
For example, a number of cytokines are known to 
regulate bone resorption or formation, including
platelet-derived growth factor, interleukin-1 and -6, 
and tumor necrosis factor [15]. Some of these 
cytokines are also increased in HIV-infected 
individuals; for example, tumor necrosis factor and 
interleukin-6 are increased with HIV infection, and 
are known to induce differentiation of bone marrow
precursors into osteoclasts, which would favor bone 
resorption [3, 16]. It is likely that the changes in
BMD observed in HIV-infected individuals may be
multifactorial, with changes potentially induced by
HIV infection itself exacerbated by treatment with 
certain antiretroviral agents.

Other bone-related complications have been 
reported in HIV-infected adults, including
osteonecrosis and rare reports of compression
fractures of the lumbar spine [3, 16, 17]. Avascular 
necrosis of the bone (osteonecrosis) refers to
ischemic death of the cellular constituents of bone, 
generally at the epiphyseal or subarticular bone 
region; while it most commonly occurs at the 
femoral head of the hip, it can involve other areas, 
including the humeral head, femoral condyles, and 
the scaphoid and lunate bones of the wrist [1]. 
Avascular necrosis of the hip was first reported in an 
HIV-infected adult in 1990, before the advent of 
potent antiretroviral therapy [18], although more 
recent reports have suggested that incidence may be 
increasing in adults [1]. Avascular necrosis of the 
hip (Legg-Calve-Perthes disease) was reported in a 
small series of HIV-infected children in 2001 [19]. It 
does not appear that avascular necrosis is associated
with a specific antiretroviral regimen, but it has been
linked to corticosteroid use in some patients [1]. 
Other factors associated with osteonecrosis in HIV-
infected adults include alcohol abuse,

hemoglobinopathies, hyperlipidemia, and 
hypercoagulability states [17]. The occurrence of 
hyperlipidemia with osteonecrosis suggests at least
an indirect link between antiretroviral therapy and 
the occurrence of decreased bone density in HIV-
infected patients; however, prospective clinical
studies will be required to establish this association.

Because childhood and adolescence are critical 
periods of bone development and growth, inhibition 
of bone mineral accrual has potentially serious
consequences for the growing child [13]. It is
unknown whether children are more sensitive to
potential bone effects of HIV infection or more 
sensitive to drugs that might produce adverse effects 
on bone metabolism. TDF, a nucleotide analogue,
causes decreased BMD in animals, particularly when 
used in high doses for prolonged periods in juvenile 
macaques. A phase I study of TDF in treatment-
experienced HIV-infected children with advanced 
disease conducted at the National Cancer Institute 
included serial DEXA scans, which indicated that 
over half of the children had abnormal BMD prior to
receiving TDF. After 48 weeks of TDF therapy, a 
decrease in BMD of > 6% from baseline was seen in
5 of 19 (26%) children, higher than has been reported 
in similar studies in adults [20]. 

Clinical Features/Assessment and Monitoring 

Bone strength is measured by means of bone 
quantity and quality. Bone quantity is measured by
BMD, which is a common surrogate marker for 
bone strength [16]. BMD can be measured by 
DEXA or by newer measurements such as
quantitative ultrasound. There is no recommendation
at the present time for routine measurement of serum
or urine bone markers or bone density assessment in
asymptomatic HIV-infected children or adults.
Measurements of bone density included as part of
clinical trials of new antiretroviral agents may
generate data that will be useful in developing 
recommendations for monitoring bone density in the
clinical setting. Children who develop severe 
decreases in BMD may present with atraumatic 
fractures or back pain, similar to what is observed
with osteoporosis in adults.

Children with osteonecrosis often come to the 
attention of the clinician due to persistent limp or 
hip pain with Legg-Calve-Perthes disease or 
periarticular pain in other affected areas, such as the
shoulder. Physical exam may reveal periarticular 
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tenderness or decreased range of motion of the 
affected joint. Plain radiographs and magnetic
resonance imaging (MRI) are the most useful 
modalities for diagnosis of osteonecrosis and for 
identifying the stage and extent of the pathologic 
process [17]. Radionuclide bone scan and computed 
tomography may be considered if the earlier tests are 
negative but the clinical suspicion of disease is high 
[17]. It should be noted that asymptomatic disease 
with abnormal MRI findings was identified in 4% of
a cohort of HIV-infected adult patients, although the
prevalence of asymptomatic disease in the general
population has not been investigated [17, 21]. 

Management/Treatment 

Specific prophylaxis or treatment recommendations
to prevent more significant osteoporosis have not 
been developed for HIV-infected patients with 
osteopenia, but HIV-infected children with pre-
existing hyperlipidemia or wasting syndrome or 
those requiring treatment with corticosteroids may
be at enhanced risk for developing decrease in BMD 
[19]. Based on experience in the treatment of 
primary osteoporosis, it would be reasonable to
suggest adequate intake of calcium and vitamin D 
and appropriate weight-bearing exercise, and for 
HIV-infected adolescents, avoidance of alcohol and 
smoking. At least one study in HIV-infected adults 
reported no beneficial effect on BMD of withdrawal 
of PI therapy [3, 22]. 

Consultation with a pediatric endocrinologist might 
be considered for those children who have significant
or clinically evident decreases in BMD (e.g., 
atraumatic fractures). When fractures occur or 
osteoporosis is documented, more specific and 
aggressive therapies with investigational drugs such
as bisphosphonates might be considered; however,
studies of these drugs have only been done in HIV-
infected adults [23]. Bisphosphonates (clodronate
disodium, pamidronate, zoledronic acid), given 
intravenously or as subcutaneous infusions, have been 
used in clinical trials of children with non-HIV 
chronic illnesses that are associated with
osteonecrosis and severe bone pain [24-27]. These 
studies of bisphosphonates have demonstrated no
significant short-term toxicity and were successful in
decreasing bone pain, enhancing new bone formation,
decreasing pathological fracture, and increasing
patient mobility. 

The early stages of osteonecrosis may be managed
conservatively (e.g., decreased weight bearing on 

the affected joint and use of analgesic as needed) 
[17]. However, as in patients without HIV infection 
who have avascular necrosis, some patients who do
not initially require surgical intervention may later 
develop significant arthritis and require surgery [28, 
29]. Children who present with more advanced
stages of disease, with radiologic findings such as 
subchondral collapse or femoral head destruction,
require surgical intervention, which can include core 
decompression, bone grafting, vascularized fibular 
grafting, intertrochanteric osteotomies, or total joint 
replacement [3, 17, 19].  
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HEMATOLOGIC COMPLICATIONS 

Background 

Hematologic complications occur frequently in
children with HIV infection and may be due to a 
variety of causes that must be differentiated to
facilitate effective management. Children with 
advanced or untreated HIV infection may develop 
bone marrow suppression or autoimmune 
phenomena, resulting in anemia, neutropenia, and/or 
thrombocytopenia. AIDS-related conditions, such as 
disseminated Mycobacterium avium complex, 
cytomegalovirus, or lymphoma, may contribute to 
hematologic abnormalities. Finally, adverse 
reactions to drugs, both ARV agents and supportive 
medications, may also lead to cytopenia of any or all 
hematologic cell lines. Because combination ARV 
therapy has become the standard treatment
recommendation, it has become increasingly
difficult to identify the contribution of newer drugs 
to hematologic adverse reactions. Hematologic 
complications resulting from these non-ARV–
associated conditions obviously require different
therapeutic strategies, and initial efforts should be 
made to identify the causative factors. 

Anemia is one of the most common problems that 
develop in HIV-infected children receiving ARV
therapy. As noted above, anemia may be ascribed to
HIV infection itself, HIV-related conditions, or to
ARV or other drug therapy. Anemia as a 
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consequence of drug therapy is seen most commonly 
with ZDV treatment, but may occur with other 
agents as well. In PACTG 152, 9.4% of children
receiving ZDV developed anemia (hemoglobin < 7.5 
g/dL), compared with 3.9% and 4.8% of children
receiving ddI and ddI combined with ZDV, 
respectively [1]. More recent clinical trials of 
combination ARV therapy have identified less
anemia in study patients receiving ZDV, possibly 
due to the use of lower doses of ZDV or more 
effective treatment of the underlying HIV infection 
[2]. Not surprisingly, anemia was also the most 
significant adverse event noted in PACTG 076 
during the use of ZDV in neonates in the setting of 
prevention of mother-to-child transmission [3]. 

As with anemia, the problem of neutropenia in HIV-
infected children receiving ARV therapy is
common, and identifying causality may be difficult. 
In the experience of many pediatric HIV experts, the 
definition of clinically significant severe neutropenia
in the HIV-infected child differs markedly from the 
criteria that apply to an otherwise healthy child or to 
a child with a hematologic malignancy. HIV-
infected infants and children appear to tolerate lower 
absolute neutrophil counts with infrequent, but not
absent, complications. Few children with HIV suffer 
infectious complications of neutropenia unless it is 
quite severe (absolute neutrophil count < 250 
cells/mm3) and prolonged. Neutropenia has been 
frequently observed as a complication of ARV
therapy, and is most often attributed to the use of 
ZDV; however, the contribution of other agents is 
difficult to determine. In PACTG 152, neutropenia 
was observed in 9.9% and 26.8% of children in the
ddI and ZDV therapy arms, respectively [1]. In
PACTG 300, a comparative trial of ddI, ZDV/ddI, 
and ZDV/3TC, the most common toxicity was 
neutropenia, occurring in 6.1% of patients [4]. 
Though study patients received a variety of 
regimens, PACTG 382, a study evaluating the 
combination of EFV, NFV, and NRTIs, identified
neutropenia in 12% of participating children [2]. 
Similarly, in PACTG 377, a study enrolling NRTI-
experienced children to receive one of 4 regimens 
without ZDV (combinations of d4T, 3TC, NVP, and 
NFV), neutropenia was reported in 9 to 23% of
patients in each treatment arm [5]. In other cases, 
neutropenia may be attributable to bone marrow 
suppression secondary to non-ARV drug toxicity, as 
can be seen with trimethoprim-sulfamethoxazole, 
ganciclovir, rifabutin, or hydroxyurea. Children with
advanced HIV infection may require multiple drugs 
with potential for bone marrow suppression. 

Thrombocytopenia (platelet count < 100,000 
cells/mm3), like anemia and neutropenia, is relatively
common in children with HIV infection [6]. Although
thrombocytopenia may occur in conjunction with
ARV therapy, it also occurred in up to 30% of 
untreated children with HIV infection in older 
surveys of pediatric HIV/AIDS. Severe 
thrombocytopenia occurred in 2% of children 
receiving ddI, ZDV/ddI, or ZDV/3TC therapy in 
PACTG 300, but was present at entry into study in
2.2% of enrollees [7]. Children with undiagnosed and 
untreated HIV infection may present with 
thrombocytopenia as the first manifestation of 
disease. This, in fact, appears to be much more 
common than the development of thrombocytopenia
secondary to ARV therapy [8, 9]. Thus,
thrombocytopenia may resolve once ARV therapy is 
initiated. 

Recommendations for Monitoring 

Routine monitoring of complete blood count (CBC) 
with differential and platelet count is recommended 
for all HIV-infected children. Children at risk should
be evaluated for conditions such as 
hemoglobinopathies that may contribute to
hematologic adverse events. CBC with differential 
and platelet count should be performed at regular 
intervals based on the child’s level of disease and 
past medical history. This may be monthly for 
children with more severe disease or who have
recently changed regimens, or every 3 to 4 months 
for those who are asymptomatic and tolerating 
therapy well. It may be appropriate to monitor 
children receiving ZDV more frequently than
children receiving non-ZDV–containing regimens. 

Children with decreasing hematologic parameters 
should be evaluated for other pathophysiologic 
processes that might result in or contribute to 
anemia, neutropenia, or thrombocytopenia. If 
opportunistic infection, secondary malignancy,
nutritional deficiency, or worsening HIV status is 
unlikely, the child’s drug regimen should be 
reviewed for ARV and non-ARV drugs with 
potential for bone marrow suppression. 

Management 
Management of anemia or neutropenia attributable
to ARV drugs such as ZDV or non-ARV drugs such 
as trimethoprim-sulfamethoxazole or rifabutin 
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depends to a large extent on the therapeutic options
available to the individual child. As more drugs 
become available in pediatric formulations, it may
be most reasonable to switch the presumed culprit 
drug for another drug of the same class in children
who have several options for treatment. In those 
children who have limited therapeutic options
because of either known HIV resistance or previous
intolerance, a simple switch may not be possible.
Similarly, a health practitioner caring for a child 
who has achieved an excellent response with one
ARV regimen may not want to risk loss of that
antiviral effect by changing to another regimen. In 
such cases, management of the bone marrow
suppression may require other medical intervention. 

The hemoglobin level at which intervention should 
occur is not entirely clear. Hemoglobin < 7.0 or 8.0 
g/dL is generally considered significantly low enough 
to warrant evaluation and treatment, but symptoms of 
anemia may be minimal even at this level. Children
with anemia attributable to ARV agents seldom
require cessation of therapy and often respond to
erythropoietin [9]. A dose of 50 to 200 IU/kg/dose 
given 3 times weekly is usually adequate. For 
children in whom thrice-weekly erythropoietin
injections are unacceptable or ineffective, regular 
transfusions may be both beneficial and cost-effective 
[10]. Given the current options in ARV therapy, it is 
unlikely that children with drug-associated anemia 
will have to resort to transfusions except in the setting 
of severe, acute anemia. Attention to adequate 
nutrition and iron supplementation, if appropriate, 
may also be of value. 

Generally, mild to moderate neutropenia (absolute 
neutrophil count > 250 cells/mm3 in children older 
than 3 months) in the absence of associated signs or 
symptoms that warrant concern, such as persistent 
fever or focal or generalized infection, is not an
indication for immediate reduction or cessation of 
therapy. In some children, neutropenia represents a 
manifestation of their HIV disease and may improve 
with enhanced suppression of HIV replication 
resulting from a change in ARV regimen. If a 
patient is clinically stable but significant absolute
neutropenia persists (absolute neutrophil count <
250 cells/mm3), altering the ARV regimen or 
instituting therapy with granulocyte colony
stimulating factor (G-CSF) should be considered. If 
neutropenia does not improve within 1 week of 
instituting G-CSF, the dose can be increased. The
response to G-CSF is highly variable, but most 
patients achieve an adequate neutrophil count at

doses of 5 to 10 µg/kg given once daily, although
doses as high as 20 µg/kg have been used [11]. 

When thrombocytopenia is severe (< 20,000 
cells/mm3) or clinically significant bleeding occurs,
treatment with intravenous immunoglobulin (IVIG) 
is indicated (1 g/kg/day for 2 to 3 consecutive days). 
An alternative treatment utilizes an intravenous 
preparation of anti-D antibody (WinRho SDF),      
50 µg/kg administered every 4 to 6 weeks. Anti-D
therapy requires a smaller infusion volume, can be 
administered more rapidly, and may improve
platelet counts in patients who have failed to 
respond to IVIG [12, 13]. Anti-D therapy should not 
be administered to children who are Rh(D) negative.
If immunotherapy fails, a course of corticosteroids 
may be beneficial or, as a last resort, splenectomy 
may be considered in some children. 
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HYPERSENSITIVITY REACTIONS AND 
SKIN RASHES  

Background 

Skin rashes and hypersensitivity reactions are a 
potential concern following administration of any
medication. While skin rash may accompany a 
hypersensitivity reaction, hypersensitivity reactions
may also occur in the absence of a rash. 

Clinical Manifestations

In general, most cutaneous adverse events following
the use of antiretroviral agents are mild or moderate,
occur within the first few weeks of therapy, and resolve

spontaneously following drug discontinuation. Rashes 
are usually maculopapular eruptions or urticarial.
Notable exceptions include the more severe and 
potentially life-threatening drug rash syndromes, such 
as Stevens-Johnson syndrome, toxic epidermal 
necrolysis, rash associated with abacavir (ABC)-
associated systemic hypersensitivity reaction, and the
drug rash with eosinophilia and systemic symptoms
(DRESS) reported with NNRTIs (see Guidelines for
the Use of Antiretroviral Agents in HIV-1-Infected 
Adults and Adolescents) [1, 2]. In some children, 
medications may be continued or reintroduced safely
despite the presence or history of a rash, as 
spontaneous resolution of the rash may occur despite 
continued use. However, discontinuation is appropriate
and rechallenge is contraindicated when the medication 
causes one of the severe/life-threatening 
manifestations, follows the administration of ABC, or 
if the rash is accompanied by systemic symptoms. 

As with HIV-1 infected adults, experience in HIV-1
infected children reveals the NNRTIs to have the
highest prevalence of cutaneous adverse events. 
Rash develops in approximately 17% of nevirapine
(NVP) recipients; 6 to 8% are severe (Grade 3: 
vesiculation or ulcers; Grade 4: exfoliative 
dermatitis, Stevens-Johnson syndrome, erythema
multiforme, or moist desquamation) and require
treatment discontinuation [3]. Rash usually occurs 
during the first 2 to 4 weeks of treatment, rarely
occurs after 8 weeks of therapy. The rash is usually
maculopapular, confluent, and erythematous. It most 
commonly involves the arms and trunk. More severe 
cutaneous involvement can take the form of life-
threatening Stevens-Johnson syndrome/toxic 
epidermal necrolysis, reported in approximately 
0.3% of infected children receiving NVP. 

Management of Cutaneous Eruptions and 
Hypersensitivity Syndrome 

Continuing NVP in the presence of mild or moderate 
rash during the lead-in phase may result in
spontaneous resolution of the rash. However, since 
progression of the rash may occur with continued 
administration of NVP, patients with rash require 
close monitoring. NVP should be permanently
discontinued in children who develop severe rash 
(Grade 3 or 4), cutaneous bullae or target lesions, 
mucosal lesions, or systemic symptoms consistent 
with hypersensitivity. Rechallenge with NVP in 
children with more severe NVP adverse effects may 
result in more rapid onset of rash, and there is a
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potential that the rash or other manifestations may
be more severe and even fatal. There is no evidence
that corticosteroids given during the lead-in phase
can prevent NVP-associated rashes. If NVP is 
discontinued because of mild or moderate rash, 
restarting NVP after the rash has resolved may be 
considered with close monitoring. 

Cross-reactivity among NNRTIs may occur. 
However, in children with mild or moderate rash
without mucosal involvement or systemic
symptoms, substitution of an NNRTI other than
NVP, such as efavirenz (EFV), may be done with
caution. It would be prudent to avoid current 
NNRTIs in children who develop the more severe 
adverse effects following receipt of NVP. Cutaneous 
reactions may occur in patients receiving EFV. In 
general, these reactions are less severe than those
with NVP, and resolution of the rash during 
treatment continuation is common. However, if 
EFV-associated rash is severe, or is accompanied by 
mucosal or systemic symptoms, EFV should be 
permanently discontinued. 

Rash has also occurred in children receiving 
antiretroviral regimens containing NRTIs alone, with 
or without ABC [4], or in combinations with PIs [5-
8]. Amprenavir and fosamprenavir are sulfonamides 
and have the potential for cross-reactivity with other 
sulfa drugs; they should be used with caution in 
patients with a prior history of sulfa hypersensitivity. 

Enfuvirtide (T-20), an HIV-1 fusion inhibitor, is
administered by subcutaneous injection. Injection 
site reactions occur in nearly all patients who receive 
T-20 (98% in published clinical trials) [9, 10]. The
injection site reactions include induration, erythema, 
and subcutaneous nodules or cysts. Most reactions
are reported as mild or moderate in intensity. In 
adult patients, the injection site reactions have
resulted in treatment discontinuation in < 3% of 
patients receiving T-20. Histopathologically, the 
lesions are interstitial granulomatous drug reactions
[11]. The lesion usually resolves in < 7 days. 

Rotating injection sites, avoiding existing injection
site reactions, and following manufacturer’s 
instructions for injection may reduce the severity of 
injection site reactions with enfuvirtide. Injections 
into the arm appear to be associated with fewer or 
less severe injection site reactions than those 
following injection into the abdomen or thigh.
Analgesics may be needed when injection sites are
painful. 

Hypersensitivity Syndrome 

While rash is common with many hypersensitivity
reactions, hypersensitivity to antiretroviral 
medications can result in numerous other symptoms, 
with or without rash. The hypersensitivity reactions 
of most concern with antiretroviral drugs include 
those associated with ABC and NVP. ABC causes a
potentially fatal systemic illness characterized by
fever, rash, nausea, vomiting, diarrhea, fatigue, 
flank or abdominal pain, myalgia, and arthralgia 
[12]. The skin rash, which is often maculopapular or 
urticarial, is often clinically unimpressive, and only
occurs in about 70% of cases. Respiratory 
symptoms, such as pharyngitis, cough, or dyspnea, 
may also be noted. Less common symptoms include 
adenopathy, mucositis, myocarditis, hepatitis, and
nephritis. The combination of acute onset of both 
respiratory and gastrointestinal symptoms shortly 
after initiating ABC therapy is more typical of the
hypersensitivity reaction than a concurrent
infectious illness such as influenza or rotavirus,
which more typically involve symptoms in only one 
organ system. Laboratory abnormalities may include 
atypical lymphocytosis, eosinophilia, 
thrombocytopenia, and elevated creatine 
phosphokinase, creatinine, and liver function tests. 

Hypersensitivity reactions to ABC occur in 0 to
14% (average 3.7%) of patients [12]. ABC 
hypersensitivity occurs more frequently in
treatment-naïve patients, Hispanic or African-
American patients, and patients with specific genetic 
markers (HLA-B*5701, HLA-DR7, and HLA-DQ3) 
[12, 13]. Hypersensitivity reactions to ABC occur 
most commonly early in therapy, usually in the first 
6 weeks of exposure to ABC. The median time to 
develop the reaction following initiation of therapy
is 8 days (range 1 to 160 days). Rash is typically the 
presenting complaint and is usually mild initially.
Other findings suggestive of ABC hypersensitivity
include:
1. involvement of multiple organ systems, resulting 

in a constellation of symptoms;  
2. acute onset with worsening of symptoms after 

each dose of ABC; and  
3. occurrence of symptoms in the first few weeks 

after initiating ABC [12].   

If ABC is continued, the symptoms increase and 
worsen. Discontinuation of ABC will usually result 
in improvement in a few days, although symptoms
may continue to worsen for 1 to 2 days after ABC is 
discontinued. ABC should never be restarted 
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following a hypersensitivity reaction, as 
anaphylactic-like reactions (some fatal) with 
hypotension, renal failure, and/or 
bronchoconstriction and respiratory insufficiency 
have occurred within hours of rechallenge [14]. 
Treatment is supportive. Antipruritics and 
corticosteroids do not appear to help. 

A hypersensitivity syndrome has also been reported 
with NVP. Systemic symptoms such as fever, 
myalgia, arthralgia, hepatitis, and eosinophilia may
be noted as part of the NVP hypersensitivity
reaction. These symptoms may precede or occur 
without a skin rash. The hypersensitivity reaction is
most commonly noted early in therapy; it is unusual 
after 8 weeks of treatment. Permanent 
discontinuation of NVP should be considered for 
any patient with or without rash, and use of
currently available NNRTIs should be avoided.
Reactions may worsen temporarily after drug 
discontinuation. Treatment is supportive. Use of 
corticosteroids does not prevent NVP
hypersensitivity [14]. 

Unexplained hypersensitivity reactions have been
reported in clinical trials with T-20 [9, 10]. This
syndrome may include fever, rash, and shortness of 
breath. T-20 should be discontinued if the 
hypersensitivity reaction occurs. Rechallenge is 
contraindicated as the syndrome has recurred with
rechallenge. 

Conclusions 
In addition to antiretroviral medications, HIV-1 
infected children receive many other medications
with a potential for hypersensitivity reactions and/or 
rash. Trimethoprim-sulfamethoxazole, beta-lactam
antibiotics, and anti-tuberculosis therapy may be 
responsible for rashes in HIV-infected children who
are or are not receiving antiretroviral therapy [15]. 
Concomitant medications may confound efforts to
identify the offending medication in the HIV-
infected child with a drug rash. 
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