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As we enter the new millennium, there have been dramatic improvements in the care of
patients with HIV infection. These have prolonged life and decreased morbidity and mor-
tality. There are fourteen currently available antiretrovirals approved in the United States
for the treatment of this infection. The medications, including their pharmacokinetic prop-
erties, side effects, and dosing are reviewed. In addition, the current approach to the use

of these medicines is discussed.
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INTRODUCTION

As we enter the third decade of the HIV epidemic, we
have seen dramatic improvements in outcomes of people
with this infection. The reasons are not completely clear,
but undoubtedly they are multiple. These include better
understanding of the disease, earlier diagnosis, better thera-
pies for HIV, as well as better prophylaxis and treatment
of opportunistic infections (Detels et al., 1998; Mocroft et
al., 1998; Ledergerber et al., 1999). In recent years, the
implementation of antiretroviral therapy has dramatically
reduced mortality and morbidity. Patients with “end stage ”
disease (CD4 counts less than 100) had mortality rates
decreased four fold and morbidity rates reduced almost
eight fold (Palella et al., 1998).

However, we are not seeing these trends across the
world (UNAIDS/WHO, 1999). These are seen pre-domi-
nantly in North America and Western Europe. The estimated
number of people infected with HIV at the end of 1999
in North America and Western Europe was only 1.4
million, while the rest of the world’s infection rate was
32.2 million. The HIV epidemic is devastating the social
and economic cultures of Sub Saharan Africa, where 23.3
million individuals are infected (MAP. 1998; UNAIDS/
WHO, 1998). HIV infection is increasing at an alarming
rate in Asia, India, and the former Soviet Union where 7
million people are currently infected (MAPR, 1997). The
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reasons we are seeing this devastation is likely the lack of
resources that were mentioned above.

We would like to review the currently available anti-
retrovirals, how they are being used in combination, and
the approach to specific cases such as the pregnant patient
and post exposure prophylaxis.

HIV Life Cycle

HIV is a retrovirus, which is so named because it carries
RNA. The virus enters the host cell by binding the CD4
receptor and either the CCR5 or CXCR4 co-receptor. It
then binds the gp 41 protein which initiates its fusion.
Upon entry into the cell, the virus is uncoated, and the
viral reverse transcriptase transcribes the RNA into DNA.
With the help of the enzyme integrase, the viral DNA
integrates into the cell genome. The viral DNA is tran-
scribed into mRNA and then translated into protein pre-
cursors by the host machinery. The protein precursors are
then cleaved by the virus enzyme protease and are packaged
into a virion particle. This cycle begins again and continues
at incredible levels. There are approximately 10 billion
particles of HIV generated per day (Folks and Hart, 1997).

Currently Available Antiretrovirals

There are fourteen medications currently available, and
three that will be approved in the next year for the
treatment of HIV. These medicines fall into three major
classes: the nucleoside reverse transcriptase inhibitors,
the non-nucleoside reverse transcriptase inhibitors and
the protease inhibitors. There are also two other agents
currently used which are not antiretrovirals: hydroxyurea
and interleukin 2.
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The Nucleoside Reverse Transcriptase Inhibitors

(NRT]) (Table 1)

These agents are nucleoside analogs which become
phosphorylated by the host enzymes. After phosphory-
lation, they are incorporated into the newly forming viral
DNA. The transcription ceases, thus halting replication of
virus before incorporating into the host genome. There
are six currently available NRTIs: zidovudine, didanosine,
zalcitabine, stavudine, lamivudine and abacavir.

Zidovudine (Retrovir) was the first antiretroviral agent
approved in the mid 1980’s (Hirsch 1988). It is a synthetic
thymidine analog. It is rapidly absorbed from the gastro-
intestinal tract. Its area under the curve is not affected by
food. Zidovudine is rapidly metabolized and eliminated
by the kidneys in about 1 h (Acosta et al., 1996). Common
toxicities seen with zidovudine include headache, fatigue,
malaise, myalgia, anorexia, nausea, anemia and neutropenia.
Chronic toxicities include nail hyper pigmentation, hepato-
toxicity, and muscle toxicity (Fischl, 1999). The usual dose is
300 mg twice daily (Hilts and Fish, 1998).

Didanosine (Videx) is an adenosine analog approved in
1991. Didanosine is highly acid labile, and is degraded
rapidly in acid pH. The oral preparation is buffered with
calcium carbonate and magnesium hydroxide. It is packaged
as a chewable/dispersable tablet. The bioavailability is
decreased by fifty percent with food and therefore must
be administered on an empty stomach. Didanosine is
rapidly excreted by the kidneys in 2 to 3 h. The most
common toxicities include peripheral neuropathy which
is a symmetric distal polyneuropathy in 9 to 15% of
individuals as well as pancreatitis which occurs in 4 to 7%
of patients. The usual dose is 400 mg once daily (Perry
and Noble, 1999).

Zalcitabine (Hivid) is a cytosine analog approved in
1992. it has a 70 to 90% bioavailability which is signifi-
cantly decreased by food. It has a half life of T to 3 h and
it is excreted unchanged by the kidneys. The most common
toxicity is peripheral neuropathy in up to 23% of patients.
Other less common toxicities include stomatitis (2 to 4%),
rash and pancreatitis (1%). The usual dose is 0.75 mg
three times daily (Bartlett, 1999).
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Stavudine (Zerit) is a synthetic analog of thymidine
(similar to zidovudine) approved in 1995. It has a bio-
availability of 82% and its absorption is not affected by
food. It has a half life of 3 to 4 h and is excreted unchanged
by the kidneys (Rana and Dudley, 1997). Common toxicities
include neuropathy in 2% of patients, and elevated hepatic
transaminases less frequently. As with all the agents that
cause peripheral neuropathy, this toxicity is unpredictable
and usually not reversible. The usual dose is 40 mg twice
daily (Hurst and Noble, 1999). Stavudine and zidovudine
compete with the thymidine kinase which makes these two
agents antagonistic in vitro (Katlama and Havlir, 1996).

Lamivudine (Epivir) is a synthetic analog of cytosine
(similar to zalcitabine) approved in 1996. It has a bioavail-
ability of 82 % and is not affected by food. lts half life is
3 to 4h and it is excreted unchanged by the kidneys
(Perry and Faulds, 1997). There are no significant toxicities
to note. Mild toxicities including diarrhea, headache,
fatigue, nausea and insomnia have been reported. Since
lamivudine and zalcitabine are cytosine analogs, they
compete for phosphorylation and may be antagonistic
(Katlama and Havlir, 1996). The usual dose is 150 mg
twice daily. Lamivudine has shown activity against hepatitis
B in addition to its HIV activity.

Abacavir (Ziagen) is a guanosine analog approved in
1999. It is well absorbed, unaffected by food, and has a
half life of 3.3 h. It is metabolized by glucuronidation and
carboxylation in the liver. Abacavir is well tolerated with
side effects including nausea and diarrhea which are self
limited. However, an important clinical side effect is the
abacavir hypersensitivity reaction which occurs in 3% of
patients. A vast majority of this manifestation occurs within
11 days of initiating therapy. Findings include fever, rash,
arthralgias and myalgias. The symptoms worsen as the
medicine is continued. The drug should be discontinued
after ascertaining that the symptoms are related to the
medicine because if re-challenged, the symptoms are
much more severe and may include death. Therefore, once
a rash and flu symptoms develop in a patient on this medi-
cine, it should be stopped and never re-introduced. The
usual dose is 300 mg twice daily (Foster and Faulds, 1997;
McDowell et al., 1999; Wolback and Capoccia, 1999).

Table ). Currently available Nucleoside Reverse Transcriptase Inhibitors

Ceneric Names Abbreviated Names Brand Names Chemical Structure Dosage

Comments

Zidovudine AZT Retrovir Fig. 1
Didanosine dd! Videx Fig. 1
Zalcitabine ddC Hivid Fig. 1
Stavudine d4T Zerit Fig. 1
Lamivudine 31C Epivir Fig. 1
Abacavir ABC Ziagen Fig. 1

Zidovudine and

Lamivudine Combivir Fig. 1

Headache, fatigue, anemia,
leukopenia

400 mg once daily Pancreatitis, neuropathy
0.75 mg three times daily Neuropathy, stomatitis
40 mg twice daily Neuopathy

150 mg twice daily No significant side effects
300 mg twice daily

300 mg twice daily

Hypersensitivity reaction

1 tablet twice daily Lowers pill burden
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Fig. 1. Structures of nucleoside reverse transcriptase inhibitors.

The Non-Nucleoside Reverse Transcriptase Inhibitors
(NNRTI) (Table 1)

These agents work by binding directly to the reverse
transcriptase which causes a conformational change in
the enzyme rendering it non functional (Miller et al.,
1997). There are currently three available agents in this
class including nevirapine, delavirdine, and efavirenz.

Nevirapine (Viramune) was the first NNRTI approved in
1996. It is readily absorbed and is unaffected by food. lts
half life is 25 to 30 h and it is metabolized by the
cytochrome P-450 CYP-3A4. It is an inducer of the P-450
and induces its own metabolism. Toxicity associated with
nevirapine is limited. The main adverse event is rash
which occurs in 16% of patients. The rash is occasionally
significant with reports of Stevens-Johnson Syndrome
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occurring. Elevated liver enzymes have been seen in 1.1
% of patients. It is given 200 mg once daily and then
increased to 200 mg twice daily after two weeks to
decrease the likelihood of rash (Pollard et al., 1998).

Delavirdine (Rescriptor) was approved in 1997. Its absorp-
tion is decreased significantly with food, therefore it must
be given on an empty stomach. Its pharmacokinetics are
nonlinear, and its half life cannot accurately be deter-
mined. It is metabolized by the cytochrome P-450 CYP-
3A4. Itis also a P-450 CYP-3A4 inhibitor. The most common
side effect is a maculo-papular rash which occurs in 18
to 36% of patients. The rash occurs within 1 to 3 weeks
and usually resolves without discontinuation of the drug
(Friedland et al., 1999). The usual dose is 400 mg three
times daily (Demeter and Reichman, 1999).

Efavirenz (Sustiva) was approved in 1998 for the treat-
ment of HIV. It is absorbed quickly and its levels are
increased significantly with high fat meals. lts half life is
40 to 55 h and it is metabolized by the P-450 CYP-3A4
and also CYP-2B6. In addition, it is an inducer of the
CYP-3A4. Common side effects include headache and
dizziness, impaired concentration, and abnormal dream-
ing which resolve in weeks (11%). The other side effect
seen is rash which occurs in the second week of therapy
in 19% of patients. Efavirenz therapy can continue with
supportive care and the rash resolves in about 4 weeks
(Adkins and Noble, 1998; Bossi et al., 2000). The usual
dose is 600 mg daily.

Protease Inhibitors (Pl) (Table IlI)

These antiretrovirals work by preventing cleavage of the
protein precursors by inhibiting the protease enzyme.
The resultant proteins that are formed cannot be pack-
aged into mature virus and are therefore not virulent
(Flexner 1998). These medicines include saquinavir, ritonavir,
indinavir, nelfinavir, amprenavir and lopinavir.

Saquinavir hard gel (Invirase) was the first Pl approved
in 1995. The oral bioavailability of saquinavir hard gel
was only 4%, even with a high fat meal (Vella and Floridia,
1998). For this reason, a new formulation was developed
and released in 1997 (saquinavir soft gel). The oral
bioavailability of the soft gel formulation is 3 times that of
the hard gel form and food increases its absorption
another 6 fold. The half life of saquinavir is 2 h and it is
metabolized by the P-450 CYP-3A4. The most frequent
side effects include diarrhea, nausea and headache (2 to

Table 1I. Currently Available Non-nucleoside Reverse Transcriptase Inhibitors

Ceneric Name Abbreviated Name Brand Name = Chemical Structure Dosage

P450 effect Comments

Nevirapine NVP Viramune Fig. 1
Delavirdine =~ DVD Rescriptor Fig. 1
Efavirenz EFV Sustiva Fig. 1

Rash
Rash
Rash, dizziness, insomnia

200 mg twice daily Inducer
400 mg three times dailylnhibitor
600 mg once daily Inducer
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Table 1ll. Available Protease Inhibitors
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Generic Abbreviated Brand Chemical  Dosage P 450 Effect  Comments
Name Name Name Structure
.. SQV-HG  Invirase : 1600 mg twice daily Only use the soft gel form, taken
Saquinavir SQV-SG  Fortovase Fig. 2 Tt with high fat meal
. . . ' . . . Stored in refrigerator
Ritonavir RTV Norvir Fig. 2 600 mg twice daily T+t Dose escalate
S " . : : Must be taken on empty stomach
Indinavir 1DV Crixivan ~ Fig. 2 800 mg three times daily ++++ and with 6 glasses of water
Nelfinavir ~ NFV Viracept  Fig. 2 1250 mg twice daily +++ Can cause diarrhea
Amprenavir APV Agenerase Fig. 2 1200 mg twice daily ++++ Rash, diarrhea
Approved ABT-378 (133 mg)+ritonavir
Lopinavir  LPV on Sep. Fig. 2 (33.3 mg) three tablets twice daily unavailable Diarrhea, nausea
16, 2000
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Fig. 2. Structures of protease inhibitors.

5%). The hard gel form is administered as three 200 mg
tablets three times a day and the soft gel form is given as
eight 200 mg tablets twice daily (Perry and Noble, 1998).
Ritonavir (Norvir) was the second Pl approved in 1995.
It is well absorbed and minimally affected by food. Its half
life is 3 to 5 h and it is metabolized by the P-450 CYP-
3A4. It has significant affinity for several P-450 enzymes
and is a potent inhibitor of the CYP -3A4 in particular. It
is also an inducer of the P-450 enzymes and induces its
own metabolism (Lea and Faulds, 1996). It is very important
to note that this drug has multiple and often significant
drug interactions. The most common adverse events include
nausea, diarrhea, vomiting, anorexia, abdominal pain,
peripheral paresthesias and peri-oral paresthesias. To
decrease these side effects, the drug is dose escalated
from 300 mg twice daily to 600 mg twice daily over 10
to 14 days. Because it is unstable at room temperature,
it must be stored in a refrigerator (Hsu et al., 1998a).
Since these were the first two protease inhibitors
available, and the hard gel saquinavir had very poor
absorption, they were used in combination. The combi-

nation of hard gel saquinavir 400 mg and ritonavir 400
mg was shown to achieve very good levels of both drugs.
At present time there is no other use for the hard gel
saquinavir, and if using saquinavir alone, the soft gel
preparation must be used despite the significant cost
difference (Hsu et al.,, 1998b).

Indinavir (Crixivan) was the third Pl approved in 1996.
It is well absorbed on an empty stomach or low fat meal,
but its absorption is decreased by 86% with a high fat
meal. Its half life is 1.9 h and is metabolized by the P-
450 CYP-3A4. Its most common side effects include
gastrointestinal disturbances (4 to 12%). Its most noted
toxicity is nephrolithiasis secondary to crystallization of
indinavir in the renal tubules (9%). The nephrotoxicity
can be decreased with substantial water intake (six glasses).
The usual dose is two 400 mg tablets three times a day
on an empty stomach (Plosker and Noble, 1999).

Nelfinavir (Viracept) was the fourth Pl approved in
1997. It is well absorbed and has no food interactions. Its
half life is 3.5 to 5 h. As the other Pls, it is metabolized
by the cytochrome P-450 CYP-3A4. It too, is an inhibitor
of the same enzyme, but to a much lower degree than
ritonavir or indinavir. The side effects of nelfinavir include
diarrhea (21%), and nausea (2 to 4%). Antimotility agents
such as loperamide or calcium can be used to decrease
the side effects. The diarrhea usually resolves over time.
The usual dose is three 250 mg tablets three times a day
or five 250 mg tablets twice daily (Jarvis and Faulds 1998;
Haubrich and Havlir, 1999).

Amprenavir (Agenerase) was the last Pl approved in
1999. This is considered a second generation P, designed
to be active against virus resistant to the previously
released Pls. It is absorbed well but its concentration
decreases 46% with food. Its half life is 7 to 9.5 h, and it
undergoes limited hepatic metabolism followed by biliary
secretion. It is also a potent P-450 CYP-3A4 inhibitor
similar to indinavir, but less than ritonavir. Adverse events
include rash (10 to 20%), diarrhea and headache (10%).
The usual dose is six 200 mg tablets twice daily (Adkins
and Faulds, 1998).
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Lopinavir (Kaletra) is in expanded access and has just been
approved. It is considered a second generation Pl which
is active against virus resistant to the previously released
Pls, including amprenavir. Its design is unique in that it
was developed to be effective against viral isolates known
to be resistant to ritonavir. Lopinavir is a combination of
2 PIs-ABT-378 (133 mg) and ritonavir (33 mg) which
inhibits the metabolism of the parent compound. It is
well absorbed and is not affected by food. The level of
ABT-378 is near undetectable if given alone, but it is
increased by 14 fold with the addition of ritonavir. ABT-378
is metabolized by the P-450 CYP-3A4 (Sham et al., 1998).
The most common side effects include diarrhea, nausea
and abnormal stool (21%). !t is admini-stered as 3 tablets
twice daily (Deeks et al., 2000; Gulick et al., 2000).

Unfortunately, the use of these antiretroviral agents has
long term side effects which are now being noted. Over
the last two years, people have reported a group of
findings now termed the lipodystrophy syndrome. This
syndrome includes three distinct problems including fat
redistribution, glucose intolerance and lipid abnormalities.
The fat redistribution includes central obesity, muscle
wasting, buffalo hump formation, associated with normal
ACTH/cortisol levels. Glucose intolerance ranges from
elevated sugars to frank diabetes. The lipid abnormalities
include elevated triglycerides, elevated total cholesterol
and LDL, but decreased HDL (Carr, et al., 1998).

The etiology of this syndrome is not clear, but it is
believed to be secondary to multiple factors including the
Pl inhibition of the P-450 system and its interactions with
lipid metabolism. There is also a possible contribution
from the NRTI effects including mitochondrial toxicity
and lactic acidosis (Carr, et al., 1998).

Long term effects of these complications such as cardio-
vascular disease are being studied. Therapy at present is
controversial. Changing therapy from a Pl to a NNRTI
may have some benefit, however this is not clear. Addition
of oral hypoglycemic agents, lipid lowering agents, and
growth hormone, have been investigated with variable
efficacy (Bersconi, 1999).

Other Agents Used In The Treatment of HIV

Hydroxyurea (Hydrea), an antimetabolite, has been
used in the treatment of HIV. It has no activity against
HIV, but inhibits ribonucleotide reductase which phos-
phorylates the nucleosides. The nucleoside affected most
significantly is adenosine. Since adenosine is not phosphory-
lated, its analog, didanosine is. With subsequent high
levels of phosphorylated didanosine as compared to
adenosine, it is selectively used allowing inhibition of the
HIV DNA transcription (Sherman and Fish, 1999). Therefore,
this agent should be used with didanosine. Hydroxyurea
is well absorbed, it has a half life of 2.6 h, it is meta-
bolized by the liver and excreted in the urine. The
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primary side effects of hydroxyurea include nausea, vomi-
ting, diarrhea and constipation. The most concerning side
effect includes bone marrow suppression, predominantly
leukopenia (Luzzati et al., 1998). There are a few studies
which show minimal efficacy (Hellinger et al., 2000; Havlir
et al., 2000), and one recent report on toxicity including
pancreatitis and death (Havlir et al., 2000). The usual
dose is 500 mg given twice daily.

Interleukin 2 has been studied extensively in the treat-
ment of HIV. It has no activity against HIV but it activates
dormant CD4 cells. The benefit of activating these cells is
two fold. An increase in CD4 cells would theoretically
bolster the immune system as well as activate dormant
virus which would then be killed by the antiretrovirals
being concurrently used (Williams 1998; Chun et al.,
1999). Interleukin 2 is given subcutaneously. Its common
adverse effects are fevers, chills, rigors, sweats, muscle
and joint pains and vomiting (45%). Elevated bilirubin,
stomatitis and hypotension occurred in 7% of patients
(Ao et al., 1999).

Under investigation at present is an agent called T-20.
This is a fusion inhibitor which binds the gp 41 which is
a surface glycoprotein of the virus. When the CD4 and
the viral gp 120 bind, the gp 41 acts like a drill that
injects the viral genetic materials into the CD4 cell. By
binding the gp 41, the virus is unable to enter the host
cell. There are multiple studies underway looking at its
efficacy and tolerability (Kilby et al., 1998). It will most
likely be available in 2001.

Treatment Options

It was clear early in the HIV epidemic that the etiology
of the immune deficiency was a result of the loss of the
CD4 cells. It was shown very nicely by multiple investi-
gators that the best predictor of the CD4 decline and thus
the progression to AIDS and AIDS related illnesses was
the amount of virus replicating. The amount of virus
could be checked by measuring the amount of RNA in
the blood. Furthermore, the virus reaches a set point
where a steady amount of virus is replicated each day.
This set point is directly related to the rate of progression
to AIDS (Saksela et al., 1995; Mellors et al., 1996; Saag
et al., 1996; Hughes et al., 1997; Mellors et al., 1997;
OBrien et al., 1997; Vlahov et al., 1998; Yerly et al., 1998;
Miller et al., 1999).

There are currently two types of tests to quantify amount
of virus present in a patients blood. These include PCR
and branched chain DNA. The PCR test is done by
amplifying the RNA present in the blood. This test is
sensitive to a lower limit of fifty copies (Van Gemen et al.,
1994). The branched chain DNA test is not as sensitive
with a lower level of detection of five hundred. The
results are not interchangeable between the two tests.
They are roughly twice as high using the branched chain
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DNA test when compared to the PCR (Pachl et al., 1995).

Based on the premise that the lower the viral RNA, the
slower the progression to AIDS and death, it was believed
that antiretrovirals could be used to decrease the viral set
point and slow the progression of the disease. This goal
was not attainable for long periods of time by using any
one drug or two drugs, but has been accomplished with
the use of three agents. In studies where 2 NRTIs are
used in combination with a Pl, 2 Pls or an NNRTI, the
ability to decrease viral load and obtain durability of this
goal were shown (Collier et al., 1996; DAquila et al.,
1996; Hammer et al., 1997; Gulick et al., 1997; Gulick
et al., 1998; Montaner et al., 1998; Murphy et al., 1999;
Staszewski et al., 1999). There have been studies that have
shown two Pl's used alone could accomplish this goal as
well (Moyle et al, 2000). Survival benefit has only been
shown by using Pls in combination with 2 NRTIs (Cameron
et al.,, 1998). As of yet, NNRTI studies have not been
shown to increase survival. In addition, the response to
therapy only occurs when maximum suppression is being
used. In two studies where medications were decreased
in number, the viral load increased and failure occurred
(Havlir et al., 1998; Pialoux et al., 1998). These results
tell us that all medicines must be continued as long as
therapy is administered.

With the knowledge that the antiretrovirals available at
this time can prolong life and decrease the progression to
AIDS, therapy appears to be very promising. However
these medicines carry a significant cost, high risk of compli-
cations and cannot cure HIV infection (Pomerantz, 1998).
There are many ways to approach therapy, thus guidelines
for the use of antiretroviral therapy have been published
(DHHS, 2000).

The first question in antiretroviral therapy is when
should therapy be initiated. There is no clear answer.
Most importantly, however, is the patient must be willing
to take medicines for a long time and be very compliant.
Antiretroviral therapy should be recommended if any of
the following are present.

1. CD4 count < 500.

2. HIV RNA >10-20,000.

3. Opportunistic Infection

4. Symptomatic disease such as thrush or unexplained
fever.

However, antiretroviral therapy can be justified at any
stage of HIV infection. Although all patients could be
expected to benefit from antiretroviral therapy, the need
to begin treatment can be viewed as a continuum.
Patients with low CD4 counts and high viral loads are in
need of immediate and aggressive therapy. Therapy is less
urgent and more optional for patients with low viral loads
and high CD4 cell counts (DHHS, 2000). There are signi-
ficant disadvantages that patients and clinicians must be
aware of, especially when early intervention is being
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considered. Patients beginning antiretroviral therapy are
committing themselves to lifelong polypharmacy, with its
associated costs, inconvenience and significant side effects.
Also, treating early could compromise patients' ability to
benefit from future therapies when resistance develops
{DHHS, 2000). On the other hand, there has been a
recent study which has shown that the lower the CD4
count nadir before antiretroviral therapy, the higher the
morbidity and mortality even after they reach a similar
CD4 count as one who had a higher nadir CD4 count
(Miller et al., 1999). Thus the rate of decline of CD4
counts should be another feature in the decision making
process of initiating antiretroviral therapy.

Once the decision to start therapy is made, the next
question is to decide what medications to initiate. Goals
of therapy include maximal and durable suppression of
virus, restoration of immune function, improvement of
quality of life and reduction of HIV related morbidity and
mortality. To achieve this goal, adherence, rational sequenc-
ing of drugs, preservation of future options and use of
resistance testing must be considered. Based on available
data from clinical trials, two NRTIs in addition to either
efavirenz, indinavir, nelfinavir or saquinavir/ritonavir should
be used as first line agents. Further details of these regimens

Table IV. Strongly Recommended Antiretroviral Regimens—1
From Column A+1 From Column B

NRTI Potent Arm
Zidovudine/Lamivudine Nelfinavir
Zidovudine/Didanosine Indinavir

Zidovudine/Zalcitabine
Stavudine/Didanosine
Stavudine/Lamivudine

Saquinavir/Ritonavir
Efavirenz

Table V. Antiretroviral Recommendations- Alternative regimens

Potent Arm Reason

Ritonavir
Saquinavir soft gel

Significant side effects
Large number of pills

Amprenavir Large number of pills

Nevirapine Not compared to other 3 drug regimens
Delavirdine Not compared to other 3 drug regimens
Abacavir Not proven for high Viral loads

Table VI. Contraindicated combinations

Zalcitabine with didanosine, or stavudine Toxicity

Zalcitabine with lamivudine
Stavudine with zidovudine

Two non-nucleoside reverse
transcriptase inhibitors

Indinavir with saquinavir
Amprenavir with efavirenz

antagonistic
antagonistic

antagonistic

antagonistic
Pharmacokinetics
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are in Table IV V, and VI.

Once antiretroviral therapy is initiated, treatment must
be monitored carefully. Evaluating efficacy is accomp-
lished using CD4 counts and viral load. The viral load is
used to monitor antiretroviral therapy and the CD4 count
is used to monitor immune restoration and prophylaxis of
opportunistic infections (Ol’s). The virologic goal is to
suppress virus below the level of detection. Virologic
response to antiretroviral therapy follows a 2 phase pattern.
A quick drop of virus which is a result of the immediate
destruction of circulating virus which takes approximately
4 to 8 weeks. This is followed by a second phase which
is the slow decline of virus resulting from a turnover of
slowly growing cells which can take up to 4 to 6 months.
These times vary based on initial viral load (DHHS,
2000).

The CD4 counts are used to follow immune restoration.
The CD4 counts increase in a 3 phase pattern which
consists of a rapid increase during the first 3 weeks of
suppressive therapy, a gradual increase for 72 weeks,
then no further increase followed by stabilization (Nottermans
et al., 1999). The possible explanation for this pattern is
the return of naive CD4 cells, followed by a slow recovery
of memory helper cells (Nottermans et al., 1999). The
rate and degree of the CD4 response is variable. Some
contributing factors noted include age, thymic activity,
level of base line viral load and previous antiretroviral
therapy (Sabin et al., 2000).

If a person who is started on antiretroviral therapy does
not respond as expected, then the medicines should be
changed. If the viral load does not decrease by 0.5 log in
4 weeks or 1 log in 8 weeks; if viral load does not become
undetectable in 6 months; if virus detection is noted after
suppression was obtained; declining CD4 counts despite
viral suppression; or clinical deterioration are noted, then
change of therapy is indicated (DHHS, 2000).

When changing antiretroviral therapy, it is important to
understand resistance patterns that occur and the options
available for sequencing these medicines. There are two
approaches that can be used, best guess based on previous
experience with sequencing medicines or by using resistance
testing (DHHS, 2000). Previous clinical experience has
brought some clinical points to the forefront. When
sequencing NRTI, the resistance patterns found suggest
that these can be used in any combination or sequence
with the following exceptions: zidovudine should not be
combined with stavudine; zalcitabine should not be
combined with stavudine, didanosine or lamivudine; abacavir
is more likely to be effective if used early in a patient’s
therapy; and lamivudine causes a structural alteration in the
reverse transcriptase increasing susceptibility to zidovudine
(DHHS, 2000). ,

NNRTI cannot be sequenced, usually resistance is across
the whole class of agents (DHHS, 2000).

PI’s have the most complicated resistance patterns, but
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in general the following points can be made. Nelfinavir is
not very effective in patients failing other PI's, therefore it
is best used as the first Pl. Following nelfinavir, all the
other Pls are likely to be active. Indinavir and ritonavir
are very similar in resistance patterns and could be included
in the second protease regimens. Third protease regimens
could either include amprenavir, lopinavir or the combi-
nation of ritonavir and saquinavir (Fatkenheuer et al.,
1999; Callant 1999; Martinez-Picado et al., 1999; Falloon
et al., 2000).

In addition to the above basics, there are two HIV resistance
tests currently available to help in the sequencing of
antiretrovirals. The first test made available was the
genotypic resistance test which involves obtaining the
virus from the individual in question and checking the
genome for mutations. The results are reported to the
physician as alterations of the protease and reverse
transcriptase genes. It is up to the physician to decide if
resistance is present based on known mutations conferr-
ing resistance (usually with the help of a chart with the
mutations listed). This test has some faults including inability
to detect small clones of viral mutations, long turn around
time (2-4 weeks), and the difficulty in interpreting the test
results (Hirsch et al., 1998; Martinez-Picado and DAquila,
1998; Hanna and DAquila, 1999).

The other resistance test is the phenotypic test which
involves obtaining the virus from the individual and
growing it in vitro. The isolate is then tested against the
antiretrovirals at varying concentrations followed by identi-
fying growth. Unfortunately this takes a very long time to
get results, it is very expensive, and also misses small
clones of virus. The benefit of this test as compared to the
genotype is interpretation is easier. It is still unclear how
much of an increase of in vitro resistance indicates in vivo
resistance (Hirsch et al., 1998).

There have been 2 studies which show genotypic tests
may be of benefit in people who have failed many regimens
(Baxter et al., 1999; Durant et al., 1999). There is one
study that showed the efficacy of phenotypic resistance in
experienced patients (Cohen et al., 2000). There are no
studies yet addressing the use of these tests in the care of
the naive patient. In addition, there is little information
on the use of these two tests together, or if one is more
efficacious than the other. The latest US DHHS guidelines
from January 2000 recommend that genotypic testing be
used when a regimen fails, or if a person does not respond
as expected to a particular therapy (DHHS, 2000).

Special Considerations

Occupational exposure: These recommendations were
published in the MMWR in May 15, 1998. Briefly, chemo-
prophylaxis is recommended based on the type of bodily
fluids involved and the route and severity of exposure.
For needle sticks with HIV infected blood, chemopro-
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phylaxis is recommended. For low risk exposures such as
mucous membrane involvement, chemoprophylaxis is
considered. For negligible risk exposures such as blood
contact with intact skin, chemoprophylaxis is not recom-
mended. For human bites, if blood exposure is involved,
consideration of chemoprophylaxis is recommended (CDC,
1998a; Gerberding 1996).

If chemoprophylaxis is used, it should be started within
hours of the exposure. Animal studies suggest that post
exposure prophylaxis is not effective if started after 24 to
36 h, however it should still be offered in that setting
since there is no data in humans. The duration of therapy
is not actually known, but 4 weeks is recommended.
Choice of medications include lamivudine and zidovudine
and the addition of a protease inhibitor in high risk exposure.
However individualization is recommended based on the
source patient’s history of antiretrovirals and possible
resistant patterns (CDC, 1998a; Cerberding 1996).

Non-occupational exposure: There is lack of efficacy
data for the use of antiretroviral agents to reduce HIV
transmission after a Non-occupational exposure. There
are no recommendations for Non-occupational exposure
prophylaxis. If this therapy is started, it probably should
be limited to those who had unprotected receptive anal
or vaginal intercourse with a KNOWN HIV positive
person. The medicines should be the ones described in
the last section (CDC, 1998b; Lurie et al., 1998).

Care of the pregnant patient

There are no differences in recommendations for the
care of the HIV infected pregnant woman as compared
to other adults. However, the impact of therapy on the
fetus is unknown. If a woman discovers she is HIV positive
while pregnant, therapy might be delayed until after the
first trimester, after the embryo is at greatest risk for
teratogenic effects of the medicines. There is limited data
on the effect of the antiretrovirals on humans. At present,
didanosine, saquinavir, ritonavir, and nelfinavir are class
B, while all others are class C (DHHS, 2000).

In addition to the care of the mother, is the prevention
of transmission of the virus to the newborn. The risk of
transmission from mother to child is about 15 to 35%
(Pecham and Gibb, 1995). The timing of transmission of
HIV is believed to be peripartum. In addition, multiple
factors influence transmission of virus, they include maternal
viral load, mode of delivery, low CD4 counts, chorio-
amnionitis, premature delivery and premature rupture of
the placental barrier (Pecham and Gibb, 1995).

Multiple studies have been done addressing peripartum
therapy and its effect on transmission of HIV. These
studies look at the use of zidovudine at various doses and
intervals at the time of delivery. Even though the timing
is different, they all show significant decrease in trans-
mission. These decreases in transmission range from 38%
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to 50% (Sperling et al.,1996; Mandelbrot et al., 1998;
Shaffer et al., 1999; Wiktor et al., 1999). The addition of
zidovudine to the infant increased the reduction to 68%
(Wade et al., 1998). The other medication studied at the
time of delivery, nevirapine given as 200 mg and then
given to the neonate at birth (2mg/kg), showed similar
efficacy as zidovudine (Guay et al., 1999).

Mode of delivery has been evaluated as a factor in
transmission as well. [n one study in Europe, caesarean
section decreased the risk of transmission by 60% in non
treated mothers and by 30% in those receiving zidovudine
(EMDC, 1999). It appears that caesarean section adds
protective benefit to those mothers receiving zidovudine
(IPHC, 1999).

Two studies address viral load in the mother as a factor
in transmission. In these, undetectable viral load decreased
the risk of transmission to nearly zero, and the need of
caesarean section may not be needed in this setting
(Mofenson, et al., 1999; Garcia, et al., 1999).

CONCLUSION

HIV medicine is an area which is continually changing
and growing. The advances made in the last two decades
have changed this disease from a certain death sentence
to a chronic infection. Since patients will be on these
medications for an extended period of time, side effects
and complications of therapy will play more important
roles in the future. The increase in glucose intolerance,
lipid abnormalities and redistribution of lipids may lead
to premature cardiovascular disease. In addition, resistance
issues and loss of active agents effective in the treatment
of HIV may occur.

Therefore, there will be a need for newer medications
in the current three classes with better pharmacokinetics
and safety profiles, as well as totally new classes. We have
seen advances in development of compounds that are
active against the chemokine receptors, the gp 41 protein,
the enzyme integrase, and nucleotide analogues. We
have also seen advances in newer protease inhibitors and
reverse transcriptase inhibitors which could improve our
treatment options as we enter the new millennium. However,
we do not have a cure or a vaccine; we do know that the
best approach is prevention of HIV infection.

These resources and technologies are available in
North America and Western Europe. The antiretroviral
medications as well as the supportive care necessary to
treat this infection are not available in all areas of the
world. We clearly are not making much of an impact in
the spread of this infection in Sub Saharan Africa, Southeast
Asia, India and the former Soviet Union. In order to
contain this epidemic in the new millennium, we must
get these resources to these countries.
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