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SOUNDING BOARD

SCREENING FOR HIV: CAN WE AFFORD
THE FALSE POSITIVE RATE?

WE are a testing culture: we test our urine for drugs;
we test our sweat for lies. It is not surprising that we
should also test our blood for the acquired immunode-
ficiency syndrome (AIDS). But before we screen low-
risk groups for antibody to the human immunodefi-
ciency virus (HIV), we should consider what the
results will mean. Tests for HIV antibody appear to
be characterized by extraordinarily low false positive
rates. Even so, positive initial and confirmatory tests
in someone at low risk of HIV infection are by no
means synonymous with infection, because of the pos-
sibility of false positive results. Furthermore, any in-
crease in the false positive rate could turn a screening
program into a social catastrophe.

Whatever its scientific merits, widespread HIV-
antibody testing is becoming a political reality. Blood
banks screen potential donors; the armed forces test
recruits and personnel on active duty; the State De-
partment tests Foreign Service officers and their de-
pendents; and the Peace Corps and Job Corps test
their applicants. Soon, screening of immigrants, pris-
oners in federal penitentiaries, and perhaps veterans
will begin. Pregnant women have been advised to un-
dergo testing in both the first and third trimesters.!
President Reagan has suggested that applicants for
marriage licenses should also be screened.?

Plans to test low-risk populations for HIV antibody
generally ignore the possibility of false positive results.
When screening of blood donors began two years ago,
decontaminating the blood supply was an urgent
need; it justified the assumption that confirmatory
testing could identify most, or at least enough, of the
testing errors. But before we establish a public policy
of widespread screening, we should consider whether
testing that is justified in the blood bank is also jus-
tified in other settings. If the false positive rate
is not virtually zero, screening a population in
which the prevalence of HIV is low will unavoid-
ably stigmatize and frighten many healthy people.
How will these mistakes change the lives of the unfor-
tunate persons who are incorrectly identified as infect-
ed? Will such screening affect the course of the AIDS
epidemic? Does the benefit of identifying infected per-
sons justify the personal and social burden of false
positive tests?

CHARACTERISTICS OF THE TESTS

The central issue is the false positive rate of tests for
HIV infection. Current screening programs use a se-
quence of tests, starting with an enzyme immunoas-
say. Serum samples yielding repeatedly positive re-
sults on enzyme immunoassay are subjected to more
complicated and expensive confirmatory testing, typi-
cally with a Western blot. A positive confirmatory test
is considered evidence of HIV infection.
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The results of screening among blood donors al-
low us to deduce an upper limit for the false positive
rate in testing conducted to date. In 1985 and 1986,
0.01 percent of female blood donors in Atlanta and
of both male and female blood donors in the north-
eastern Netherlands had antibody to HIV on both
enzyme immunoassay and Western blot assay.>* In
the worst case, if none of those blood donors were
truly infected, then the highest possible false positive
rate for the pair of tests would be 0.01 percent. Be-
cause some of those blood donors were truly infected,
the false positive rate was almost certainly even lower.
If we make the best-case assumption that the prob-
ability of a false positive Western blot is independent
of the probability of a false positive enzyme immuno-
assay, or if we have data about the false positive rate
on Western blot tests among patients with false posi-
tive enzyme immunoassays, the joint false positive
rate of the two tests in sequence will equal the product
of their false positive rates. One recent study found
that the false positive rates of six commercial enzyme
immunoassay kits used to test blood from donors
ranged from zero to 0.42 percent.’> Another study
noted variations in false positive rates of enzyme
immunoassays, even among different batches of one
manufacturer’s kit.® Other investigators have found
that the false positive rate of enzyme immunoassays
can be as high as 6.8 percent among hospitalized
patients.’

Confirmatory tests are intended to distinguish false
positive results of enzyme immunoassays from those
that truly represent HIV infection. Here, variations in
the false positive rate may be even more important.
The Western blot, the most common confirmatory test
for HIV antibody and a standard against which new
techniques are evaluated, is complex and very labor
intensive. Its techniques have not been standardized,
and the magnitude and consequences of interlabora-
tory variations have not been measured. Its results
require interpretation, and the criteria for this inter-
pretation vary not only from laboratory to laboratory
but also from month to month. When widespread
Western blot confirmation of positive findings on en-
zyme immunoassays began in 1985, a band indicating
the presence of antibody to a protein of 24,000
to 25,000 daltons was regarded as evidence of infec-
tion. Some laboratories report this as a 24-kd band,
whereas others report it as a 25-kd band. Within a
year, many investigators had concluded that apparent
bands in this region could represent artifacts and that
even a definite band there was not specific for HIV
infection.®

By mid-1986, the U.S. Army had adopted criteria
that required either a band at 41 kd or bands at both
24 and 55 kd. But when investigators from the Army
HIV-testing program sent panels of 15 serum samples
from healthy adults at low risk to five large commer-
cial firms offering HIV Western blot testing, six differ-
ent specimens were classified as positive. All samples
had yielded repeatedly negative results at the Walter
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Reed Army Institute of Research. Three laboratories
considered 1 of 15 specimens positive; one considered
3 positive.®

Within several months of the report from Walter
Reed, investigators in both Sweden and Paris reported
what they considered false positive results on Western
blot tests despite the presence of both 25- and 55-kd
bands. Their conclusion was based on the absence of
risk factors in the individual blood donors and of con-
cordant findings on confirmatory tests in research lab-
oratories.'%!! Reactivity to the cultured human cells
'in-which the virus had grown served to explain two
unexpectedly positive Western blots.!2!'® To find that
explanation, one patient’s serum was examined in
three research laboratories. Other investigators have
reported instances in which one specimen from a pa-
tient yielded results on a Western blot that were inter-
preted as positive, whereas subsequent specimens
from the same patient yielded negative results.!®!5
Several abstracts presented at the recent Third Inter-
national Conference on AIDS described extensive re-
testing and follow-up of “atypical positive” results
that would clearly be considered negative according to
the U.S. Army criteria published a year earlier.16-20
Another study described very sensitive Western blot
tests that even showed reactivity in the 41-kd re-
gion to serum from normal donors at low risk for
HIV infection.?! Thus, the lack of standardization
persists.

A recent Army study compared the interpretation
of the first Western blot performed with the final clas-
sification of the specimens after more extensive inves-
tigation. Among specimens that were repeatedly posi-
tive on enzyme immunoassay, the false positive rate
was 1.17 percent.?? If the false positive rate of enzyme
immunoassays is about 0.4 percent, the joint false pos-
itive rate of the two tests performed sequentially
should be about 0.005 percent. A pair of tests with a
joint false positive rate of 1 per 20,000 is unusual in
clinical medicine.

These reports reflect the difficulty, uncertainty, and
even disagreement that characterize testing for anti-
body to HIV. They suggest that positive results from
low-risk populations deserve thoughtful interpretation
and perhaps further testing. Despite these technical
difficulties, laboratories testing blood donors and mili-
tary recruits have achieved a very high standard of
performance. However, specimens collected in more
widespread screening programs might not all be ana-
lyzed in reference laboratories or with the same tech-
niques. Decentralized testing might further compro-
mise standardization. Smaller laboratories could not
offer the research methods that are sometimes used to
verify positive Western blot findings in persons at
low risk. Technicians processing the specimens might
not be as skilled as those who have developed the
technique, and laboratories performing a large num-
ber of tests might be less inclined to scrutinize posi-
tive results. Interlaboratory variation in test charac-
teristics may increase as a new generation of tests
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(under development by more than 25 companies) be-
comes available.?? Some new tests have been proposed
to be used as a one-stage procedure, thus eliminating
the extra protection of an independent confirmatory
test.2425

PREVALENCE OF INFECTION

What do we know about the prevalence of HIV
infection? Perhaps 50 percent of homosexual men in
San Francisco have serologic evidence of the infection.
The prevalence of seropositivity among intravenous
drug abusers and among patients with hemophilia
who received factor VIII concentrate pooled before
the advent of heat inactivation is similar.*® At some-
what lower risk are patients who received repeated
transfusions of red cells, platelets, and plasma before
routine HIV testing of donated blood began in 1985.
Antibody testing of one group of patients with leuke-
mia treated between 1978 and 1985 showed that about
5 percent became seropositive. The patients who be-
came seropositive had received an average of 164 units
of blood products.?®

Other segments of the population are at much lower
risk. Screening of military recruits has shown 0.16
percent of the men and 0.06 percent of the women to
be seropositive.?” When antibody screening of donat-
ed blood began in 1985, 1 unit of blood in 2500 had
HIV antibody.? At that rate, the chance of infection
from 2 units of blood donated before antibody screen-
ing began would be about 0.08 percent. Among female
blood donors, as noted, the reported prevalence of
seropositivity is 0.01 percent. Some of these donors
may have had sexual contact with members of known
high-risk groups; among women without such contact,
the prevalence of infection may be even lower than
0.01 percent.

MEANING OF Posimive TEsTs

Test sensitivity is not the issue here, and to empha-
size our concern with the false positive rate, our analy-
sis makes the best-case assumption that the combina-
tion of enzyme immunoassay and Western blot testing
for HIV is 100 percent sensitive, identifying all
persons who are infected. The meaning of positive
tests will depend on the joint false positive rate.
Because we lack a gold standard, we do not know
what that rate is now. We cannot know what it will be
in a large-scale screening program. However, we can
be fairly sure that without careful quality control, it
will rise.

Bayes’ rule allows us to calculate the probabil-
ity that a person with positive tests is infected.?®
Imagine testing 100,000 people, among whom the
prevalence of disease is 0.01 percent. Of the 100,000,
10 are infected; 99,990 are not. A combination of
tests that is 100 percent sensitive will correctly iden-
tify all 10 who are infected. If the joint false pos-
itive rate is 0.005 percent, the tests will yield false
positive results in 5 of the 99,990 people who are
not infected. Thus, of the 15 positive results, 10
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will come from people who are infected and 5 from
people who are not infected, and the probability that
infection is present in a patient with positive tests
will be 67 percent.

Figure 1 shows the consequences of screening in
four populations. The implications of positive test re-
sults depend on the joint false positive rate. The hori-
zontal axis shows a range of joint false positive rates
from 0 to 0.5 percent. If the prevalence of infection is 5
percent or higher, more than 90 percent of persons
with positive tests will truly be infected, whether the
joint false positive rate is 0 or 0.5 percent. Un-
fortunately, this is not true in populations at lower
risk. The probability that infection is present in a
male army recruit with positive tests is 97 percent
if the joint false positive rate is 0.005 percent, and
94 percent if the joint rate is 0.0l percent, but
it will be only 62 percent if the joint rate rises to 0.1
percent. The probability that infection is present in a
female blood donor with positive tests is about 67 per-
cent if the joint false positive rate is 0.005 percent, and
about 50 percent if the joint rate is 0.01 percent, but it
will be only 9 percent if the joint rate rises to 0.1
percent. In other words, at this higher joint false posi-
tive rate, 10 women without HIV infection will be
falsely identified as infected for each truly infected
blood donor found. If the joint false positive rate in-
creases to 0.5 percent, as might occur in a single-stage
testing program, then 50 women without HIV infec-
tion will be stigmatized for every truly infected person
identified.

The joint false positive rate may rise if single-stage
testing is introduced into physicians’ offices; a false
positive rate of 0.6 percent was recently reported for
such a test.?? The joint rate will rise if tests are
performed and interpreted less carefully when the
amount of testing increases substantially. Finally, it
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Figure 1. Meaning of Positive Screening Tests for HIV.

The horizontal axis shows the joint false positive rate of the tests.
The left vertical scale shows the probability that HIV infection is
present in a person with positive tests. The right vertical scale
shows the number of uninfected persons falsely classified as in-
fected for every infected person correctly identified. Sensitivity is
assumed to be 100 percent. The four lines correspond to four
populations that might be screened, each of which has a different
prevalence of HIV infection. The boldface line represents low-
prevalence populations such as those in which screening has
recently been proposed.
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will rise if criteria for defining a positive Western blot
test are less stringent than those observed by the mili-
tary and the Red Cross.

CONSEQUENCES OF WIDESPREAD SCREENING

How many cases of infection can we hope to prevent
by screening groups at low risk? It is not clear how
many of the few infected persons identified would
have transmitted the virus to their sexual partners and
children, or that testing will substantially reduce the
transmission rate.830-3% Screening blood donors pre-
vents transmission because we do not transfuse the
blood. But how much does screening change behav-
ior? By no means all seropositive persons are persuad-
ed to practice “safer sex.”*>"3” Apparently only a mi-
nority abstain from childbearing.*® What can we
expect to happen when we screen other populations?
We do not know what changes it would make in public
health and our society.

Before we test, we should think again about the
ethics of screening and about the social consequences
of positive tests for HIV antibody. The first proposals
to screen blood donors elicited widespread discussion
of the potential threat to individual privacy. Special
procedures were devised to ensure that this sensitive
information remained private. The statutory require-
ment of HIV testing would in all likelihood eliminate
such protection. The Secretary of Education has sug-
gested that positive test results should be reported not
only to public health authorities but also to the sexual
partners of the person tested.*

Despite educational efforts, public understanding of
the epidemic is limited. As we contemplate recom-
mendations and regulations, we should remember
that most people consider a “positive AIDS test” to be
a sentence to ghastly suffering and death. Patients
with such results will take little comfort in Bayes’ rule
and will be offered little reassurance by their insurers,
employers, and acquaintances.

A TiME For CAUTION

The AIDS epidemic frightens us all. But we should
not allow our fear to cloud our judgment. Hasty and
indiscriminate screening for antibody to HIV is im-
prudent and potentially dangerous, whether we sug-
gest the tests to young women, require them of en-
gaged couples, or impose them on our veterans.
Although screening of blood donors and military re-
cruits appears to have generated few false positive re-
sults, we do not know whether this performance can
continue if the testing programs are expanded. Stand-
ardization and quality control should come first.
These will take time and money; monitoring laborato-
ry performance will require continuing effort, expendi-
ture, and regulation.

Nor will our problems be purely technical. HIV
screening poses questions that are at once scientific,
political, legal, and philosophical. If laws are to link
our fates to test results, should not due process be
brought to the benches where those tests are per-
formed? We will need guarantees not only of the confi-
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dentiality of test results but also of the quality of the
testing procedure. Should everyone be subjected to
tests of uniform sensitivity and specificity, or should
performance characteristics be tailored to the clinical
situation? Should screening programs in the general
population sacrifice specificity by adopting the highly
sensitive tests designed to protect the blood supply? In
the past, inexplicably positive results in persons at no
apparent risk of HIV infection prompted extensive
investigation of the specimens in research laborato-
ries. Wider screening will inevitably yield more unan-
ticipated positive results — perhaps far more than
researchers can review. How will we decide whose
positive results we scrutinize? Who will weigh the sci-
entific evidence against the skepticism of the person
who does not believe his positive test results? Will we
recognize the results of tests performed in other coun-
tries? How often will we retest and reclassify on the
basis of technical advances or because of the passage
of time?

If we want to test each other, we should make a
deliberate choice of the threshold probability of infec-
tion above which we will screen. We should make ex-
plicit the trade-offs implicit in any testing program.
How many engagements should end to prevent one
infection? How many jobs should be lost? How many
insurance policies should be canceled or denied? How
many fetuses should be aborted and how many cou-
ples should remain childless to avert the birth of one
child with AIDS?

New England Medical Center
Boston, MA 02111
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