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untreated patient. Following the initiation of therapy or any change in therapy, plasma HIV RNA levels should
be monitored approximately every
4 weeks until the effectiveness of the
therapeutic regimen is determined by
the development of a new steady-state
level of HIV RNA. In most instances
of effective antiretroviral therapy the
plasma level of HIV RNA will drop
to <50 copies/mL within 6 months
of the initiation of treatment. During
therapy, levels of HIV RNA should
be monitored every 3–6 months to
evaluate the continuing effectiveness
of therapy.

HIV Resistance Testing The availability of multiple antiretroviral drugs as
treatment options has generated a great
deal of interest in the potential for
measuring the sensitivity of an individual’s HIV virus(es) to different antiretroviral agents. HIV resistance testing
can be done through either genotypic
or phenotypic measurements. In the
genotypic assays, sequence analyses
of the HIV genomes obtained from
patients are compared with sequences
of viruses with known antiretroviral resistance profiles. In the phenotypic assays, the in vivo growth of viral isolates obtained from the
patient is compared to the growth of reference strains of the virus in
the presence or absence of different antiretroviral drugs. A modification of this phenotypic approach utilizes a comparison of the enzymatic activities of the reverse transcriptase, protease, or integrase genes
obtained by molecular cloning of patients’ isolates to the enzymatic
activities of genes obtained from reference strains of HIV in the presence or absence of different drugs targeted to these genes. These tests
are quite good in identifying those antiretroviral agents that have been
utilized in the past and suggesting agents that may be of future value
in a given patient. Resistance testing is recommended at the time of
initial diagnosis and, if therapy is not initiated at that time, at the time
of initiation of cART. Drug resistance testing is also indicated in the
setting of virologic failure and should be performed while the patient
is still on the failing regimen because of the propensity for the pool of
HIV quasispecies to rapidly revert to wild-type in the absence of the
selective pressures of cART. In the hands of experts, resistance testing enhances the short-term ability to decrease viral load by ~0.5 log
compared with changing drugs merely on the basis of drug history. In
addition to the use of resistance testing to help in the selection of new
drugs in patients with virologic failure, it may also be of value in selecting an initial regimen for treatment of therapy-naïve individuals. This
is particularly true in geographic areas with a high level of background
resistance. The patient needs to have an HIV-1 RNA level above 500–
1000 copies/mL for an accurate resistance determination. Resistance
assays lose their consistency at lower levels of plasma viremia.

Figure 226-31 Relationship between CD4+ T cell counts and the development of opportunistic diseases. Boxplot of the median (line inside the box), first quartile (bottom of the box), third quartile (top of the box), and mean (asterisk) CD4+ lymphocyte count at the time of the development of
opportunistic disease. Can, candidal esophagitis; CMV, cytomegalovirus infection; Crp, cryptosporidiosis; Cry, cryptococcal meningitis; DEM, AIDS dementia complex; HSV, herpes simplex virus infection;
HZos, herpes zoster; KS, Kaposi’s sarcoma; MAC, Mycobacterium avium complex bacteremia; NHL,
non-Hodgkin’s lymphoma; PCP, primary Pneumocystis jiroveci pneumonia; PCP2, secondary P. jiroveci
pneumonia; PML, progressive multifocal leukoencephalopathy; Tox, Toxoplasma gondii encephalitis;
WS, wasting syndrome. (From RD Moore, RE Chaisson: Ann Intern Med 124:633, 1996.)

PART 8
Infectious Diseases

with HIV RNA levels persistently <50 copies/mL, the monitoring of
the CD4 count is felt by many to be optional. There are a handful of
clinical situations in which the CD4+ T cell count may be misleading.
Patients with HTLV-1/HIV co-infection may have elevated CD4+ T
cell counts that do not accurately reflect their degree of immune competence. In patients with hypersplenism or those who have undergone
splenectomy, and in patients receiving medications that suppress the
bone marrow such as IFN-α, the CD4+ T cell percentage may be a
more reliable indication of immune function than the CD4+ T cell
count. A CD4+ T cell percentage of 15 is comparable to a CD4+ T cell
count of 200/μL.
HIV RNA Determinations Facilitated by highly sensitive techniques
for the precise quantitation of small amounts of nucleic acids, the
measurement of serum or plasma levels of HIV RNA has become an
essential component in the monitoring of patients with HIV infection.
As discussed in “Diagnosis of HIV Infection,” above, the most commonly used technique is the RT-PCR assay. This assay generates data
in the form of number of copies of HIV RNA per milliliter of serum or
plasma and can reliably detect as few as 40 copies of HIV RNA per milliliter of plasma. Research-based assays can detect down to one copy
per milliliter. While it is common practice to describe levels of HIV
RNA below these cut-offs as “undetectable,” this is a term that should
be avoided as it is imprecise and leaves the false impression that the
level of virus is 0. By utilizing more sensitive, nested PCR techniques
and by studying tissue levels of virus as well as plasma levels, HIV
RNA can be detected in virtually every patient with HIV infection. The
one notable exception to this is a patient who underwent cytoreductive therapy followed by a bone marrow transplant from a CCR5Δ32
homozygous donor.
Measurements of changes in HIV RNA levels over time have been
of great value in delineating the relationship between levels of virus
and rates of disease progression (Fig. 226-22), the rates of viral turnover, the relationship between immune system activation and viral
replication, and the time to development of drug resistance. HIV
RNA measurements are greatly influenced by the state of activation
of the immune system and may fluctuate greatly in the setting of
secondary infections or immunization. For these reasons, decisions
based on HIV RNA levels should never be made on a single determination. Measurements of plasma HIV RNA levels should be made
at the time of HIV diagnosis and every 3–6 months thereafter in the
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Co-Receptor Tropism Assays Following the licensure of maraviroc as the
first CCR5 antagonist for the treatment of HIV infection (see below),
it became necessary to be able to determine whether a patient’s virus
was likely to respond to this treatment. Patients tend to have CCR5tropic virus early in the course of infection, with a trend toward CXCR4
viruses later in disease. The antiretroviral agent maraviroc is effective
only against CCR5-tropic viruses. Because the genotypic determinants
of cellular tropism are poorly defined, a phenotypic assay is necessary
to determine this property of HIV. Two commercial assays, the Trofile
assay (Monogram Biosciences) and the Phenoscript assay (VIRalliance),
are available to make this determination. These assays clone the envelope regions of the patient’s virus into an indicator virus that is then
used to infect target cells expressing either CCR5 or CXCR4 as their
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