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Blood Work

Understanding your lab test results may seem difficult at
first, but they can help you take charge of your health and
understand why your doctor may be prescribing particular
tests and medications. With practice, it will become easier
to understand these results.

Most lab reports make understanding results simpler by
including a “normal” range (high and low values). Those
results that fall outside or at the edges of these normal ranges
are likely the most important. You should keep track of your
test results to look for overall trends. You can simply keep
copies of your test results, or you can make a chart or table
of them to easily note trends or changes. (See page 10 for
examples of graphs.)

There are five key points to keep in mind when reading
through this material:

1. As stated before, “normal” test values can differ. For ex-
ample, lower cholesterol values may be considered nor-
mal in an HIV-positive person not on anti-HIV therapy.
Be sure to discuss these differences with your healthcare
provider. Test results outside the lab’s “normal” range
may not necessarily be cause for alarm.

2. No one test result provides all the answers. Most results
need to be interpreted along with other reports and
within the context of your overall health before drawing
any conclusions.

3. Different labs can get different results from the same
blood sample because they use different methods or
equipment. Results may vary by as much as 20%. Try to use
the same lab every time you have your blood drawn. If

Lab tests (blood work) can give important clues about
your overall health and HIV disease. Some of these tests
should be done shortly after someone learns s/he is HIV-
positive to establish a “baseline” measure of immune

health and HIV activity. Knowing this baseline will help you monitor disease progression as well as
the effects from taking treatments. Age, gender, stress level, medications, other treatments like
radiation therapy, active infections and other factors can affect test results. Lab results should be
interpreted with these factors in mind.
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you cannot use the same lab, you may need to establish
a new baseline at the new lab. In the case of viral load tests,
try to have the same type of test (e.g., bDNA or PCR)
done each time. If your doctor sends you to the same
place to give blood for lab testing, it’s likely the same labs
and types of tests are being used. But if you see dramatic
differences in your lab results, you might ask your doc-
tor if there was a change in the lab or type of test used.

4. Test results can also vary according to the time of day
your blood is drawn. If possible, try to schedule blood
draws at the same time of day every time. Also, be aware
that illness or infection, like the flu, can affect your test
results. You may want to wait to have lab work done or
repeat your tests when you’ve recovered. Even a flu shot
can alter lab results, as it stimulates the immune system
and can increase HIV replication. HIV levels usually re-
turn to “base-
line” within a
month after a
flu shot.

5. Any dramatic
change in re-
sults may be
due to testing
errors. It’s ad-
visable to have
a test run
again before
drawing con-
clusions from
any single lab
result.
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Complete Blood Count (CBC)
The CBC is the most common blood test that doctors order.
It measures and analyzes the different types of cells that
make up the blood, including white blood cells, red blood
cells and platelets.

Generally, even people without symptoms of HIV disease
should have a CBC test performed every 6–12 months.
People whose blood work trends are changing may want to
have CBC tests performed every three months (or more fre-
quently). People with symptoms of HIV disease should have
a CBC every 3–6 months.

Testing is done more often in people with symptoms of ane-
mia (low red blood cell count), leukopenia (low white blood
cells) and thrombocytopenia (low platelets). In all cases, if a
change occurs that worries you or your doctor, the tests
should be repeated a few weeks later. Of the following tests,
the most important markers are the red blood cell, white
blood cell and platelet counts.

Red Blood Cells: The Oxygen Carriers
Red Blood Cell (RBC) Count:  RBCs are produced in your
bone marrow and carry oxygen through the body. The RBC
count is the number of red blood cells produced in about
20 drops of blood (cubic milliliter).Normal RBC levels range
from 4.5–6.1 million per cubic milliliter for men, and 4.0-
5.3 million for women. Many people with HIV may have
values below the normal range.

Slightly decreased values should not be cause for alarm.
However, greatly reduced numbers can be a sign of anemia
and should be carefully examined and treated if necessary.
Symptoms include fatigue, shortness of breath, pale skin
color and, in women, menstrual irregularities. Anemia can
be caused by certain medications or illness. Low RBC counts
are accompanied by lower hemoglobin and hematocrit levels.

Hemoglobin:  Hemoglobin is a protein in RBCs that carries
oxygen to the body. Normal hemoglobin levels are 12–16
grams per deciliter (g/dl) in women and 14–18g/dl in men.
People with HIV often have lower than normal hemoglobin
levels, usually due to a decline in the number of RBCs pro-
duced by the bone marrow.

Drugs that cause bone marrow suppression will also lower
hemoglobin counts. People with HIV who have mild anemia
sometimes take iron supplements or erythropoietin (Epogen), a

hormone that stimulates the production of RBCs to increase
hemoglobin counts. If anemia is severe, however, erythro-
poietin therapy should not replace a blood transfusion.

Hematocrit:  The hematocrit is another way to measure red
blood cell numbers. It is the percentage of blood cells in
your body which are red blood cells. Normal values range
from 40–54% in men and 37–47% in women. Hematocrit
values indicate the thickness of the blood as well as its oxy-
gen-carrying capacity. A low hematocrit is another indica-
tor of anemia.

Mean Corpuscular Volume (MCV):  The MCV measures the
average size of an individual red blood cell. The average
MCV ranges from 80–100 femtoliters (fL). A low MCV indi-
cates that cells are smaller than normal. This can be due to
iron deficiency or chronic disease. MCV is generally higher
than normal in people taking AZT (zidovudine, Retrovir) or
in people with vitamin B12 and folic acid deficiencies.

Mean Corpuscular Hemoglobin (MCH) and Mean Corpus-
cular Hemoglobin Concentration (MCHC):  These are mea-
sures of the amount and volume of hemoglobin in the aver-
age cell. These measurements are less important but help
to detect various anemias and leukemias.

Platelets: for Blood Clotting
Platelet Count:  Platelets are a part of the blood that is needed
for clotting. They travel to the site of an injury where they
“stick” to the injured site and help develop a clot or scab to
stop the bleeding. A normal platelet count is 150,000–
440,000. Low platelet count (thrombocytopenia) can be
caused by HIV infection itself or by certain drugs.

Although a platelet count below 150,000 is considered low,
most people are not at risk of internal bleeding with counts
of 50,000 or even lower. However, because platelets are
necessary for blood clotting, the chance of major bleeding
rises as the platelet count drops. If your platelet count is
low, your doctor may want to change your treatment, or
may teach you special precautions to prevent bleeding, like
using a soft toothbrush or electric razor.
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White Blood Cells: Infection Fighters
White Blood Cell (WBC) Count:  WBCs (leukocytes) help
prevent and fight infections in the body. The normal WBC
count ranges 4,000–11,000 per cubic millimeter in an aver-
age healthy adult. A high WBC count may indicate your body
is fighting an infection. Low counts may result from certain
drugs (AZT or ganciclovir), minor viral infections, stress or
opportunistic infections (tuberculosis, histoplasmosis, and
other fungal infections). Low counts are a concern as the
body becomes more susceptible to infection.

White Cell Differential:  This a breakdown of the different
types of white blood cells as percentages of the total WBC
count. The three main categories of white blood cells are: 1.
lymphocytes, 2. granulocytes, and 3. monocytes.

Lymphocytes:  Lymphocytes are white blood cells that pro-
duce antibodies and regulate the entire immune system. They
make up 10–45% of your WBCs. There are two main cat-
egories: B-cells and T-cells, and they fight infection in differ-
ent ways. CD4+ cells—a type of T cell—are cells that HIV
targets. You may have heard the term “CD4+ count” or “T-
cell count.” (See Lymphocyte Subsets, page 4, for more
information.)

Granulocytes (polymorphonuclear cells or PMNs): These
are the most common types of WBCs, making up 55–80%
of your total WBC count. PMNs are involved in fighting bac-
terial infections. Specific types of PMNs include:

Neutrophils
The most common type of white blood cell, they make up 55–
70% of your WBC count. They fight infection in different ways,
and play a key role in surrounding and destroying bacteria and
other foreign substances in the body. Some drugs like
ganciclovir (Cytovene) can decrease neutrophil counts.

Eosinophils
They make up 1–3% of WBC count and are involved in fight-
ing parasitic infections and allergic reactions. Their numbers
will rise during an allergic reaction or asthma attack.

Basophils
They make up only 1% of WBCs, but are very important for
releasing histamine. Histamine is the substance that makes
you feel congested and miserable during a cold (that is why
we take anti-histamines to reduce cold symptoms), but they
help your body heal by making the blood vessels “leakier” so
the WBCs can travel faster to the areas of infection.

Monocytes:  These make up 3–7% of WBCs. They circulate
in the blood for about 24 hours and then move into tissues
and mature into macrophages, which eat up infection and
foreign bodies (macrophage means “big eater”).

Chemistry Screen (CHEM-25 OR SMA-25)
A chemistry panel examines the levels of 25 chemicals in
the blood and can help determine if your body is function-
ing properly. (Other versions monitor 12, 14 or 20 chemi-
cals and are called SMA12, SMA14, and SMA20 respectively.)
A chemistry test should be done once a year in people not
taking medications and more often in people who are. Some
of the important values follow.

Sodium:  Sodium (Na) is a component of regular table salt
and is important for regulating the fluid balance in your
body, and your nervous system and muscle tissue (includ-
ing heart muscle tissue). Too much sodium can be a symp-
tom of dehydration while too little sodium can be caused by
excessive IV fluids or can indicate kidney problems. Eating
salty foods will not affect your sodium level as long as you’re
drinking fluids. The normal range of sodium is: 135–145
mEq/liter.

Potassium:  Potassium (K) is mostly found inside your cells
and has many important roles, particularly in regulating
nerve impulses and heart muscle. Both high potassium (hy-
perkalemia) and low potassium (hypokalemia) are problem-
atic. High potassium can occur with kidney failure and se-
vere injuries. Low potassium can occur after severe vomit-
ing, diarrhea, long periods without food, and in people on
high doses of diuretics (water pills). Potassium is found in
most foods and people who eat a fairly balanced diet will
have no problem getting enough of it. The normal range of
potassium is: 3.5–5 mEq/liter.

Chloride and Magnesium (Cl and Mg):  These are two other
important elements in your blood. Chloride is particularly
important for regulating your body’s fluid balance. Magne-
sium is involved in muscle contractions and synthesizing
protein. The normal range of chloride is: 100–106 mEq/
liter. The normal range of magnesium is: 1.5–2.0 mEq/liter.

Glucose:  Glucose is sugar in the blood, and glucose values
are used to monitor diabetes mellitus. Using IV pentamidine
(Pentam) can cause abnormally high or low glucose levels.
Medications that affect the pancreas—like ddI, ddC, and d4T—
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can also cause high blood glucose. Insulin resistance is an-
other cause of high blood glucose. Insulin resistance is when
insulin (the hormone that removes sugar from your blood) is
less effective than usual in your body. This may occur with
long-term use of anti-HIV medications, from HIV itself, or
from both the virus and the medications. It is treatable with
medications. Normal glucose levels are 75–125mg/dl.

Cholesterol and Triglycerides:  These are fatty substances
in the blood and are used to measure risk for heart disease
and nutritional status. Triglyceride levels are commonly re-
duced in people with HIV, possibly due to malnutrition or
wasting in advanced stages of disease. High cholesterol and
high triglycerides may occur among people living with HIV
for many years and can also be a side effect of anti-HIV
medications. Normal cholesterol levels are 150–250mg/dl.
Triglycerides can range from 47–175mg/dl.

Amylase:  Amylase is an enzyme secreted by the salivary
glands in the mouth as well as in the pancreas. Elevated
amylase levels are an early indication of pancreatitis (in-
flammation of the pancreas). Pancreatitis is sometimes a
side effect of anti-HIV therapy with ddI, ddC and d4T. Amy-
lase levels are normally 25–125 milliunits per milliliter.

Liver Function Tests (LFTs):  LFTs include a number of
markers that help determine liver status. These include ALT
(SGPT), AST (SGOT), LDH, alkaline phosphatase and total
bilirubin. Elevated liver enzymes are commonly caused by
certain medications. Elevated enzyme levels can also be
caused by liver disease such as hepatitis B or C, injuries,
and tumors. Abnormal liver function test levels are com-
mon in 60–70% of people with HIV, but liver failure is un-
usual. High alkaline phosphatase levels along with normal
bilirubin levels can show serious disease and are often seen
in people with Mycobacterium Avium Complex (MAC), cy-
tomegalovirus (CMV), histoplasmosis, drug side effects or
Kaposi’s Sarcoma. Bilirubin, a product of dead red blood
cells, is eliminated through the liver. High bilirubin levels in
the blood can indicate hepatitis (associated with a yellow
skin color), bile duct obstruction and other liver problems.

Kidney Function Tests:  Two indicators are used to assess
kidney function—creatinine and BUN (blood urea nitro-
gen). High creatinine and BUN levels indicate kidney dis-
ease or dehydration. High uric acid levels can be a sign of
kidney deficiency, but may also indicate other conditions
like lymphoma or tissue inflammation. Kidney deficiency in

people with HIV is commonly the result of toxicities associ-
ated with drugs like foscarnet (Foscavir).

Proteins:  Albumin and globulin are the two major types of
protein in the blood. High albumin levels indicate dehydra-
tion and low levels can signify malnutrition, liver failure or
kidney disease. Globulin levels are less important.

Lymphocyte Subsets and Viral Load:
Specific Tests for People with HIV
Lymphocytes are a type of white blood cell, which means
they are a part of your immune system. Monitoring lym-
phocyte counts is one way to check immune system defi-
ciency. There are three main types:

1. B cells (called B cells because they come from the Bone
marrow),

2. T cells, like CD4+ and CD8+ cells (called T cells because
they come from an organ called the Thymus), and

3. NK cell, or natural killer cells.

B cells are involved in “humoral immunity,” providing anti-
bodies to neutralize bacteria and viruses. T cells are involved
in “cell-mediated immunity,” when cells themselves (and not
antibodies) supervise the killing of infectious particles and
cells. Two types of T cells are CD4+ (helper) and CD8+ (sup-
pressor or cytotoxic) cells. It is well known that HIV causes
a slow decline in CD4+ cells in most people. Normal CD4+
cell counts are 600–1,500 cells per cubic millimeter of blood.
Normal CD8+ cell counts in an HIV-negative person are
300–800 cells per cubic millimeter of blood.

CD4+ cell counts were once considered the best predictor
of disease stage and risk of developing AIDS-related com-
plications. It is now generally agreed that CD4+ cell counts
alone are inadequate for measuring disease progression and
response to therapy because CD4+ counts can vary widely.
They tell us how many cells are present, but not about how
they function. Using CD4+ counts together with viral load
testing provides a more complete picture of your health
and response to therapy. However, CD4+ cell counts, not
viral load, are a better indicator for when to start preven-
tive therapy for opportunistic infections.

Because the absolute T cell counts can vary, it’s helpful to
look at relative percentages of CD4+ and CD8+ cells to get
a better picture of immune status. The CD4+ percentage is
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the percentage of CD4+ cells in the total number of lym-
phocytes; this may be a better indicator of disease progres-
sion than CD4+ cell counts alone because of the variability
of absolute numbers. Normal CD4+% is 28–58%. The CD4+/
CD8+ ratio is another helpful indicator. This ratio is nor-
mally about 2.0 (that is, for every two CD4+ cells there is
one CD8+ cell). In HIV disease, this ratio is inverted; as the
CD8+ cell level rises, the CD4+ cells decrease.

Although T cell counts are useful as a rough guide for start-
ing treatments or medications and monitoring immune func-
tion, they may vary and are not an absolute indicator of
health or illness. Tests can vary according to time of day,
current infections, lack of sleep, stress and other biological
factors. Variation in the lab used, as well as how quickly the
test is performed after the blood is drawn, can also affect
test results. Therefore, it is very important to look at overall
trends and not be alarmed by any one individual test result.

Viral Load Tests
A blood test can detect and measure the genetic material of
HIV (HIV RNA) in the blood of almost all HIV-positive people,
providing an important tool in monitoring HIV disease. The
most sensitive viral load test today can measure down to 50

copies of virus. Viral load levels usually correlate with stage
of disease, making them a good predictor of disease pro-
gression. Viral load tests are also a sensitive tool for ex-
amining the effect of medications.

Using both CD4+ counts and viral load testing provides a
more complete picture of a person’s risk of disease progres-
sion and response to therapy. While CD4+ cell counts indi-
cate the status of a person’s immune system—your body’s
firepower for fighting disease—viral load tests indicate the
activity of the virus. The two values together give a clearer
picture of your state of health.

What are the tests?

The three main types of viral load tests currently being used
are Q-PCR, bDNA and NASBA. Q-PCR (quantitative poly-
merase chain reaction) is commercially known as the
Amplicor HIV-1 Monitor Test, made by Roche Molecular
Systems. bDNA (branched-chain DNA, or Quantiplex) is made
by Bayer, and NASBA (nucleic acid sequence-based amplifi-
cation) is made by Organon Teknika. These tests are done
by taking a sample of blood and making multiple copies of
the virus present in that sample. Through a mathematical
process, they can estimate the number of viral particles origi-
nally present in that sample.

The various tests are appropriate for different stages of HIV
disease. Q-PCR is the most sensitive and can detect very low
levels of virus in the blood, but the bDNA test has been
shown to be the most accurate in quantifying high levels of
virus. Every test has a certain error level, some as high as
20%. In addition, the tests require different amounts of
blood—bDNA uses 2 ml (about half a teaspoon) while NASBA
and Q-PCR require only 100 and 200 microliters respec-
tively (much less). This may be an issue for people taking
other tests that require large amounts of blood. In addition,
Q-PCR on average gives viral load values twice as high as b-
DNA, so it’s important to use the same lab and test each
time to accurately gauge changes in viral load.

New versions of these tests are being studied, and each “gen-
eration” of test generally provides greater sensitivity and ac-
curacy. Roche has developed a new ultra-sensitive test that
will detect 50 copies of HIV RNA, allowing us to know earlier
whether a therapy is succeeding. Similarly, Bayer is develop-
ing second and third generation bDNA tests which will detect
500 and 50 copies respectively, and Organon Teknika has a
second generation test which will detect 400 copies.

What do CD4+ cell counts mean?
Above 500 CD4+ cells
• No unusual conditions likely. Emphasize good health

habits and healthcare maintenance, such as vaccines and
nutrition.

200–500 CD4+ cells
• Increased risk for shingles (zoster), thrush (candida), skin

infections, bacterial sinus and lung infections, and TB.
• Opportunistic infections (such as PCP, MAC and CMV) are

rare

50–200 CD4+ cells
• Increased risk for PCP and other opportunistic infections.
• Preventative treatment for PCP is indicated.
• If counts are fewer than 100, consider preventive

treatment for MAC, CMV and invasive fungal infections.

Below 50 CD4+ cells
• Increased risk for opportunistic infections, including

MAC and CMV.
• Continue preventive medications.
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Viral load, disease progression and anti-HIV therapy.

Higher viral load correlates with lower CD4+ counts, more
rapid declines in CD4+ cell counts and more rapid disease
progression. Viral load seems to be a good predictor of long-
term outcomes with regard to disease progression and death.
People with viral load levels over 100,000 have been shown
to be ten times more likely to progress to AIDS over the
following five years compared to those with levels below
100,000. People with constant viral load levels below 10,000
seem to have a lowered risk of disease progression.

Viral load tests may quickly tell researchers, physicians and
patients whether or not a drug is effective and when its ef-
fectiveness declines. This information may make treatment
decision-making much easier. Whether it is starting, switch-
ing or adding an anti-HIV drug, viral load levels have been
shown to drop in response to a new attack against the virus.
No significant change in viral load levels indicates that the
particular drug regimen is probably not working. With this
test, people can now make quicker decisions on the effect
of their treatments. (Note: people with more advanced-stage
disease—CD4+ cell counts below 50—may take more time
to see decreases in viral load after starting a new regimen.)

One study showed that the benefit of therapy in reducing
risk of disease progression depends on the amount of re-
duction, regardless of baseline HIV levels. For example, a one
log reduction from 150,000 copies HIV RNA to 15,000 cop-
ies reduces the relative risk of disease progression the same
amount as a one log reduction from 50,000 to 5,000 copies.

Increasing viral load levels may indicate a person is devel-
oping drug resistance. Researchers hope that changes in
viral load may give an earlier warning of impending drug
failure, signals that can be read before a person suffers seri-
ous decline of CD4+ counts and disease progression. Re-
cent studies suggest that a rapid return to pre-therapy HIV
RNA levels (within six months of start of therapy) may be
associated with a higher risk of disease progression and
potential drug failure. These factors taken together may
provide a better way to know when to start or change thera-
pies than with the earlier method of only using CD4+ levels.

Viral load in plasma and other HIV reservoirs.

Because viral load is only measured from the blood, it’s im-
portant to know if—as HIV levels are reduced in the blood
—then are levels also being reduced in other parts of the
body? A few recent studies show that viral load in the blood

correlate with viral load in semen, vaginal secretions and
lymph tissue. As viral load decreases in the blood, it also seems
to decrease in these less accessible areas of the body. More
research needs to focus on the correlation between plasma
viral load and HIV levels in the brain and bone marrow.

Interpreting the results.

Results of viral load tests can be difficult to understand. Some
general guidelines are given here, but they are likely to change
as more research is done and new tests become available.

As with CD4+ counts, what is most important is the trend of
HIV RNA levels, not an individual test result. Both the size
and duration of the drop are likely to be important in evalu-
ating the success of a given therapy.

People with undetectable viral load should remember that
undetectable does not mean that the virus is gone, but that
it is simply at such low levels that it’s below the test’s level of
sensitivity. Viral load levels in the plasma may be undetect-
able, but as of today we are not certain if virus is present in
other parts of the body that are harder to access, like lymph
tissue and the brain. However, recent data indicate that a
correlation may exist between viral levels seen in plasma
and other parts of the body. These guidelines are being clari-
fied and modified as physicians and researchers learn more
about the predictive value of viral load tests.

Guidelines for Interpreting Viral Load Tests

• Low, stable and decreasing viral load is considered a
good thing, and high or increasing levels warrant phy-
sician attention as they may indicate treatment failure.

• Viral load below 10,000 copies/ml is generally consid-
ered “low.”

• Viral load above 100,000 copies/ml is generally con-
sidered “high.”

The minimum reliable change in measurements is a three-
fold (0.5 log) change (this means three times larger or
smaller than the last test result). Thus a change from
20,000 down to 10,000 (a two-fold change) would not be
considered reliable and significant, although repeated tests
showing the same change would validate the result. (For
more information on “logs,” see Interpreting Your Viral
Load Numbers” on page 12). Any lower decrease may only
be due to testing errors, other infections or normal bio-
logical fluctuations.
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A ten-fold drop in viral load in a person with 1 million cop-
ies of the virus has the same significance as a ten-fold drop
in a person with only 10,000 or 100,000 copies.

What can affect the results?

Because the tests measure viral activity, anything that affects
the production of virus can influence test results. In the nor-
mal progression of HIV disease, viral levels tend to rise slowly,
and a sudden, sustained rise can indicate that the disease
may progress more rapidly. However, a sudden rise can also
be caused by other active infections, like the flu or a herpes
outbreak, because previously HIV-infected, but inactive, CD4+
cells suddenly ‘wake up’ from the other infection and start
producing HIV. Certain vaccines, such as the flu vaccine, can
also cause short-term increases. Some controversy exists
around whether or not HIV-positive people should get rou-
tine flu shots. In general, the guidance is that the increase in
viral levels resulting from vaccination are much lower than
the rises caused by the actual flu infection, and these increased
viral levels are not sustained for more than a few weeks. Viral
levels can also be affected by anti-HIV therapy, making viral
load tests an important tool in making treatment decisions.

How often should viral load be measured?

Initially two HIV RNA measurements should be taken about
2–4 weeks apart to establish a baseline level. Afterwards,
tests should be repeated every 3–4 months along with CD4+
cell counts. Because other infections can cause a temporary
increases in viral levels, any sudden rise in virus should be
checked with another test 2–4 weeks later.

People should generally avoid having viral load tests done
during an active infection (like a cold or flu), after routine
immunizations (like flu or tetanus) or during flare-ups of
genital herpes or other infections. These factors can all cause
a 10- to 100-fold increase in viral levels that usually return
to baseline within a few weeks after vaccination or the end
of the infection. Tests should be performed more frequently
when making critical decisions about treatment. A test
should also be performed 3–4 weeks after starting or chang-
ing therapies. Because the tests can vary slightly in their
results, people using a particular test should continue to
use that test to get reliable results and correct trends.

Getting viral load tests.

Both Roche and Bayer, manufacturers of Q-PCR and bDNA
respectively, offer Patient Assistance Programs to supply their

tests free-of-charge to people who have no other means to
pay for them ($150–250 each). The availability of these pro-
grams may be limited geographically, but you can call the
following numbers for more information:

Bayer (bDNA) 1-888-HIV-LOAD
Roche (Q-PCR) 1-888-TEST-PCR

Roche’s Q-PCR is FDA-approved, and most insurance pro-
viders and Medicaid will pay for tests once they are approved
by the FDA. Check with your personal provider for specific
coverage details.

Viral Load, CD4+ Cell Count and
When to Begin Therapy
In late 2000, a panel of researchers revised suggestions for
how to use anti-HIV therapy based on CD4+ cell count and
viral load information.

In people with viral load levels more than 30,000–50,000,
regardless of CD4+ cell count, treatment may or may not be
started. A conservative approach recommends more frequent
monitoring of CD4+ cell counts without anti-HIV therapy, a
more aggressive approach recommends offering therapy.
Therapy, regardless of the absolute CD4+ cell count, may be
justified if trend in CD4+ cell count decline is dramatic.

Research strongly confirms that anti-HIV therapy benefits
people with CD4+ cell counts below 200, optimally started
when counts fall to 200, regardless of viral load levels. Other
research suggests that therapy may be beneficial if started
when CD4+ cell counts are between 200 and 350. With CD4+
cell counts between 200 and 350, considering other factors
like viral load, trend in CD4+ cell count decline and overall
general health, may influence an individual to start anti-
HIV therapy when CD4+ cell count is above 200. It is un-
known if starting anti-HIV therapy when CD4+ cell counts
are above 350 will provide an individual long-lasting ben-
efits that outweigh concerns about potential short- and long-
term side effects of current anti-HIV therapy options.

There have been some cases of people with low CD4+ cell
counts—and low to undetectable HIV RNA levels—not on
anti-HIV therapy. There are no clear guidelines on what to
do in this setting. Doctors report that when they start three-
drug therapy in these individuals, they see rises in CD4+
cell counts. It may be that the anti-HIV combinations are
affecting virus in harder to access regions, like lymph nodes.
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Commentary
Using viral load tests, CD4+ cell counts and other health
markers help provide a clearer picture of the risk of disease
progression, immune status and the body’s fight against HIV.

Because viral load tests are only performed on blood plasma,
the next stage of research needs to examine whether these
tests are an accurate predictor of viral activity in other parts
of the body, like the lymph nodes, brain, bone marrow and
genital secretions. If a correlation exists, then as viral load
levels are reduced in the blood, we will know that levels are
also being reduced in other inaccessible tissues. Recent data
show that this is probably true of the lymph tissues. Changes
in viral load in the blood do not always correspond to changes
in virus levels in semen and vaginal secretions, however.

HIV viral load is only the first area where these new testing
technologies (Polymerase Chain Reaction, or PCR, and other
amplification techniques) have been applied. Other tests
based on these techniques are similarly used in research to
measure other viral diseases, like CMV and hepatitis, and
bacterial diseases, like tuberculosis (TB), both of which are
of great concern for people living with HIV. As these tests
become standardized, understood and accepted they will
help us better understand the relationship among HIV, op-
portunistic infections and the immune system.

The best predictor of disease progression is likely not one
single test but a combination of tests, including viral load,
CD4+ count and other diagnostic tests. While CD4+ cell
counts tell us what has already happened in the body, viral
load levels allow us to predict what might happen in the
future. Used together, these tests will allow doctors and pa-
tients to make earlier and more definitive decisions about
treatment and health status.

Resistance Tests
HIV resistance has recently become a major concern for
people with HIV. Resistance usually occurs when the drugs
being used are not potent enough to completely stop HIV
replication. If HIV can reproduce in the presence of drugs,
it has the opportunity to make changes in its structure (mu-
tations) until it finds one that allows it to reproduce in spite
of the drugs. Once such a mutation occurs, it then grows
unchecked and soon is the dominant strain of HIV in the
individual. The drug becomes progressively weaker against
the ‘new’ strain of HIV (though it may still have some value).

There are two ways in which researchers try to determine
whether resistance exists. One way, called genotypic test-
ing, seeks to determine any changes in a part of HIV’s ge-
netic structure, which change the way the virus makes key
proteins (like the protease or reverse transcriptase enzyme).
These changes are called mutations. It’s known that certain
mutations result in the loss of a given drug’s effectiveness,
so researchers primarily look for these known mutations.

The other approach, called phenotypic testing, is a more
direct measure of resistance. It examines the amount of drug
needed to inhibit the growth of HIV in a lab setting. In its
natural state—when HIV is not resistant to a particular drug—
known levels of the drug completely suppress replication.
Resistant HIV requires higher levels of the same drug to get
an equal level of suppression. However, increasing the dose
of a drug indefinitely often leads to increased toxicities. Most
drugs are already given at near maximum tolerated dose.
So, if a person’s resistant HIV requires ten times more drug
before it stops replicating, the person cannot simply take a
larger dose of the drug to overcome the resistance.

Generally, any time viral mutations make it necessary to
use a dose ten times higher than standard to suppress repli-
cation, the virus is considered to have high-level resistance.
The only choice is to use a different drug. For these tests to
provide meaningful information, they generally require a
blood sample from people with a viral load of above 1,000
copies/mL who are currently taking anti-HIV therapies.

Not all genotypic changes lead to phenotypic changes, and
a lot of work is being done to better understand these find-
ings. Generally, it takes a few genotypic changes before you
see a phenotypic change. However, some drugs, like 3TC
(Epivir), require only a single mutation to induce high level
phenotypic resistance.

Both genotypic and phenotypic resistance testing have their
drawbacks. While phenotypic resistance is probably more
relevant, it may not provide information about which drugs
might still be useful. Genotypic resistance gives specific in-
formation about changes in the enzyme and scientists know,
to some degree, which changes affect which drugs. But those
changes do not always mean that the drug has completely
lost effectiveness. Ideally, both genotypic and phenotypic
information would be obtained to make the best treatment
decisions. Unfortunately, measuring genotypic or pheno-
typic drug resistance is difficult, laborious and expensive.
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Several studies have shown that people who use resistance
testing results to help make treatment decisions experience
a better and more sustained reduction in HIV levels than
those who make decisions based solely on previous treat-
ment history and viral load. Several different labs offer ge-
notypic and phenotypic tests. For more information on ge-
notypic and phenotypic resistance testing, contact Project
Inform’s Hotline and request Resistance Tests.

Less Frequent Routine Tests
The following tests are considered routine in HIV-positive
individuals, but do not need to be performed as frequently.

PPD Skin Test and Chest X-rays:  A PPD test is a skin test
done to detect prior tuberculosis (TB) exposure. If you’ve
been exposed, the PPD causes a bump to appear within sev-

eral days at the site where it’s done. However, in positive
people, the PPD sometimes doesn’t work and must be per-
formed with a control test (which should always come out
positive) to determine the validity of the result. If the con-
trol also does not work, then the PPD is inconclusive. A
positive or inconclusive PPD is followed up by a chest X-ray
and sputum culture to determine active TB disease.

Pap Smears:  Women should have a Pap smear done at
least every six months. If Pap smears are abnormal, more
frequent testing is encouraged. To take a Pap test, your
healthcare provider uses a “Pap stick” or cotton swab to
take one or more samples of tissue from the cervix and the
cervical canal. You may feel a slight scraping sensation, but
it should otherwise be painless. For more about women and
HIV, read Project Inform’s Women and HIV.

Table 2: Reverse Transcriptase Mutations

Drug position of drug in the gene, reverse transcriptase

41 65 67 70 74 75 103 115 116 151 181 184 188 210 215 219 333

3TC !

Abacavir " " ! ! ! " "

AZT ! ! ! ! ! !

AZT+3TC !

AZT+ddI/ddC " !

ddI/ddC ! ! !

d4T !

Delavirdine ! !

Efavirenz ! !

Nevirapine ! ! !

Adefovir ! !

! = Major mutations: clearly associated with drug resistance.
" = Minor mutations: add to the resistance caused by major mutations.

Table 1: Protease Mutations

Drug position of drug in the gene, protease

20 30 36 46 48 50 54 63 71 82 84 88 90 101

Amprenavir " ! # " " ! ! !

Indinavir # " ! " " " ! ! !

Nelfinavir ! " " " " # !

Ritonavir # " " " " !

Saquinavir " ! " " " ! !

! = Major mutations: clearly associated with drug resistance.
" = Minor mutations: add to the resistance caused by major mutations.
#= Natural variants: natural variants of the virus that can add to drug resistance.
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Other Tests that May Be Required
The following tests are not considered routine for HIV-posi-
tive people without symptoms, but may be necessary in later
stages of HIV disease. As CD4+ counts decline, the possibil-
ity of opportunistic infections increases, and various tests
should be performed to monitor for them.

Hepatitis Serology:  In addition to the liver function tests
that can indicate hepatitis infection, specific tests can be
performed to indicate antibodies to hepatitis B (HBV)
and hepatitis C (HCV), inflammatory diseases of the liver.
These tests should be performed if the routine chemistry
screen indicates abnormal serum transaminase levels
which commonly suggest chronic hepatitis.

Toxoplasmosis Serology (IgG):  This test may be done to
detect antibodies to the toxoplasmosis organism that can
cause brain inflammation and complication of the central
nervous system. A positive IgG helps indicate people who
may be candidates for preventive therapy. This is usually
done when people first find out their HIV status. That way,
if they’re negative for toxoplasmosis, they can take pre-
cautions to prevent contact with toxoplasmosis.

| | | | | | | | | |
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Table of Common Tests and Ranges
Each lab typically provides “normal” ranges of values along with the test results, although some labs
may differ in the exact ranges of the normal values. Remember to ask your physician for a copy of your
lab results for your own personal records, so that you can monitor trends in your lab tests.

Red Blood Cells (RBCs) Female: 4.0–5.3.   Male : 4.5-6.1. million cells per cubic millimeter (million/mm3)
Hemoglobin (HB or HGB) Female: 12–16.   Male: 14-18. grams per deciliter (g/dl)
Hematocrit (HCT) Female: 37–47.   Male: 42-52. %

WHITE BLOOD CELLS (WBCs):

WBC Count 4.3–10.8 thousand cells per cubic millimeter (thousand/mm3)
Percentage of White Blood Cells

Basophil % 0–3 %
Eosinophil % 0–7 %
Lymphocyte % 12–50 %
Monocyte % 0–12 %
Neutrophil % 40–73 %

LYMPHOCYTE SUBSETS:

Total T Lymphocytes (CD3) 990–1,910 cells per cubic millimeter (cells/mm3)
Total CD4 T-cells 590–1,120 cells per cubic millimeter (cells/mm3)
Total CD8 T-cells 330–790 cells per cubic millimeter (cells/mm3)
T-lymphocyte percentage (CD3 %) 61–85 %
CD4 T-cell percentage (CD4 %) 28–58 %
CD8 T-cell percentage (CD8 %) 19–48 %

Platelet Count 140,000–440,000 cells per cubic millimeter (cells/mm3)

LIVER FUNCTION TESTS:

ALT (SGPT or Alanine aminotransferase) 0–45 units/liter (u/L)
AST (SGOT or Aspartate aminotransferase) 0–41 units/liter (u/L)
Lactic Dehydrogenase (LDH) 50–115 units/liter (u/L)
Phosphatase (alkaline) 36–125 units/liter (u/L)
Bilirubin (total) 0.1–1.2 milligrams per deciliter (mg/dl)

KIDNEY FUNCTION TESTS:

BUN (Blood Urea Nitrogen) 7–28 milligrams per deciliter (mg/dl)
Creatinine 0.6–1.5 milligrams per deciliter (mg/dl)
Uric Acid 3–7 milligrams per deciliter (mg/dl)

RED BLOOD CELL INDICES:

Mean Corpuscular Hemoglobin (MCH) 27–33 picogram per red blood cell
MCH Concentration (MCHC) 32–36 %
Mean Corpuscular Volume (MCV) 79–100 femtoliters
Amylase 53–160* units/liter (u/L)
Calcium (urine) Female: <250.   Male: <300. mg/day
Cholesterol 120–220 milligrams per deciliter (mg/dl)
Creatine Phospokinase (CK or CPK) Female: 10-79.   Male: 17-148. units/liter (u/L)
Glucose 70–125 mg/dL
Magnesium 0.6–1.0 mmol/L
Potassium 3.5–5.3 mmol/L
Sodium 135–146 mmol/L
Protein 6.0–8.3 grams per deciliter (g/dl)
Total Albumin 3.2–5.5 grams per deciliter (g/dl)
Globulin 1.5–3.8 grams per deciliter (g/dl)
Triglycerides 35–160 milligrams per deciliter (mg/dl)
Urea Nitrogen (see BUN) 7–28 milligrams per deciliter (mg/dl)

*   In our review of lab reports, the normal range for amylase, in particular, varied widely.
As with all these values, it is important to examine your report to find the normal ranges for your lab.
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Interpreting Your Viral Load Numbers
Users of viral load tests have had to learn or relearn a few words not heard since math class. Because changes in viral load
can be very large, researchers use a “LOGarithmic” scale to express the test results. The log scale is simply a shorthand
way to express these large numbers. The following is a method to help you figure out your log change based on your viral
load numbers. It is generally viewed that a 1.5 log or larger increase/decrease is meaningful.

Copies Log
HIV RNA Value

100,000,000 8
60,000,000 7.75
30,000,000 7.5
20,000,000 7.25
10,000,000 7

6,000,000 6.75
3,000,000 6.5
2,000,000 6.25
1,000,000 6

600,000 5.75
300,000 5.5
200,000 5.25
100,000 5

60,000 4.75
30,000 4.5
20,000 4.25
10,000 4

Some other guidelines to
help you better understand logs.

If your viral load value decreases by: Your change is:
1/2 (original divided by 2) 0.3 log
1/3 (original divided by 3) 0.5 log
1/4 (original divided by 4) 0.6 log
1/5 (original divided by 5) 0.7 log
1/10 (original divided by 10) 1.0 log
1/100 (original divided by 100) 2.0 log

If your viral load value increases by: Your change is:
2 (original times 2) 0.3 log
3 (original times 3) 0.5 log
4 (original times 4) 0.6 log
5 (original times 5) 0.7 log
10 (original times 10) 1.0 log
100 (original times 100) 2.0 log

If you have other questions on logs, please call Project
Inform’s toll-free National HIV/AIDS Treatment Hotline at
1-800-822-7422.

Copies Log
HIV RNA Value

6,000 3.75
3,000 3.5
2,000 3.25
1,000 3

600 2.75
300 2.5
200 2.25
100 2

60 1.75
30 1.5
20 1.25
10 1

6 0.75
3 0.5
2 0.25
1 ~0

Follow these two examples
for more help.
CASE STUDY 1:  A few months ago, Jan started a new regi-
men of anti-HIV drugs, which she and her doctor hoped
would help reduce her increasing viral load. The results from
her previous viral load test six months ago was 635,000
copies. Her most recent test done two weeks ago showed
212,000 copies. So, according to the table, Jan started at
635,000 copies HIV RNA—about a 5.75 log value. Her last
test showed 212,000 copies, or about a 5.25 log value. By
subtracting 5.75 minus 5.25, her log change is a 0.5 log
decrease in viral load.

CASE STUDY 2:  Recently, John has not been taking his anti-
HIV drugs as prescribed due to major changes in his life.
His most recent viral load test from last month showed
27,000 copies. His previous test from five months ago
showed 325 copies. So, according to the table, John started at
325 copies, or about a 2.5 log value; and his last test showed
27,000 copies, or about a 4.5 log value. He subtracted 2.5
from 4.5 which gave him a 2 log increase in viral load.

The simplified table to the right gives you the log values to
different levels of viral load (copies HIV RNA). Here is a
simple way to figure out your very own viral load log change.

1. Find your previous viral load value or round
off to the nearest value shown on the table.
Read the number in the right hand column.
Write that log value here:

2. Find your new viral load value or round off to
the nearest value shown on the table. Read the
number in the right hand column. Write that
log value here:

3. Next, subtract the smaller log value from the
larger log value.

_____ (larger) minus _____ (smaller) equals:

4. The result in #3 is the log change and is either
a decrease or increase based on the previous
and new viral load values.


