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Familiarity with available serologic tests for antibodies to human immunodeficiency
virus (HIV) has become increasingly important in a wide variety of clinical settings.
Enzyme-linked immunosorbent assay (ELISA) commercial kits are most often used as
screening tests, and Western blot techniques are used for confirmation of positive
results. ELISA specificity and sensitivity exceed 98%; the predictive value of a positive
test varies from 2% for a weakly positive test in a low-prevalence population to 99%
for a strongly positive test in a high-risk group. Confirmatory Western blot testing
identifies antibodies with affinity for specific HIV antigens. Indeterminate Western blot
antibody patterns necessitate subsequent testing or alternative methods for interpre-
tation. A “window”’ period of up to 3 or more months follows acute HIV infection before

seropositivity occurs.

Since 1985 when the Food and Drug Administra-
tion licensed the first enzyme-linked immuno-
sorbent assay (ELISA) commercial kits for the
detection of antibodies to human immunodefi-
ciency virus (HIV), use of these tests has become
almost universal for screening blood and organ
donors, in accordance with the recommendations
from the Centers for Disease Control.' In the
United States, use of the ELISA test has also
been proposed or mandated for applications other
than ensuring a safe blood supply, including
screening programs for the military, federal in-
mates, and immigrants and the voluntary testing
of certain transfusion recipients, surgical candi-
dates, pregnant women, patients at clinics for
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sexually transmitted diseases or drug abuse, and
premarital examinees.® The circumstances in
which laboratory evidence of HIV infection, such
as serologic reactivity, is necessary—to fulfill the
case definition of acquired immunodeficiency
syndrome (AIDS) established by the Centers for
Disease Control>—are outlined in Table 1. Sero-
logic evidence of infection is also useful in the
assessment of patients with HIV-compatible
symptom complexes and in the context of a his-
tory of possible exposure to AIDS.

As the number of persons screened for HIV
increases, so will the number of patients with
reactive test results who will be referred to private
physicians for counseling and further testing.
Most patients (68 to 89%) from low-risk groups
(prevalence of 0.1% or less) who show reactivity
on screening tests will have false-positive re-
sults.*® Additionally, an estimated 2 million per-
sons in the United States alone will become in-
fected with HIV (and will thus be seropositive)
by the year 1991.
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In theory, definitive assessment of HIV infec-
tion and infectivity is based on recovery of the
virus from body tissue or fluids.®™® Current tech-
niques for HIV culture, however, are cumbersome,
time-consuming, expensive, and of low sensi-
tivity,>'® and such testing is primarily available
only at research facilities. An alternative ap-
proach is the direct detection of HIV antigens;
although methods to accomplish direct detection
show clinical promise, these techniques also are
not widely available at present.'®'" The detection
of antibody to HIV currently remains the corner-
stone of screening for HIV infection by blood
banks and clinical laboratories. Like other viruses,
the detection of antibody to HIV provides evi-
dence of past exposure to the virus. Unlike many
other viruses, however, the appearance of specific
anti-HIV antibodies does not presage clearing of
the viremia, loss of infectivity, or clinical re-
covery. Indeed, anti-HIV seropositive patients,
whether asymptomatic or symptomatic, can be
assumed to be viremic, and current evidence as

Table 1.—Role of Serologic Testing in Diagnosing
AIDS, Based on the Case Definition Established
by the Centers for Disease Control*

Laboratory evidence of HIV infection not required

Esophageal or pulmonary candidiasis

Extrapulmonary cryptococcosis

Chronic symptomatic cryptosporidiosis

Disseminated cytomegalovirus infection

Pulmonary, esophageal, or chronic mucocutaneous herpes
simplex infection

Kaposi’s sarcoma or primary brain lymphoma in patients
<60 years old

Lymphocytic interstitial pneumonitis in patients <13 years
old

Disseminated Mycobacterium avium or kansasii infection

Pneumocystis carinii pneumonia

Progressive multifocal leukoencephalopathy

Toxoplasmosis of the central nervous system

Laboratory evidence of HIV infection required

Any of the aforementioned diseases, if patient is immuno-
deficient from another cause

Recurrent serious bacterial infections in patients <13 years
old

Disseminated histoplasmosis or coccidioidomycosis

Chronic symptomatic isosporiasis

Kaposi’s sarcoma or primary brain lymphoma in patients
>60 years old

Small, noncleaved B-cell lymphoma or immunoblastic sarcoma

Extrapulmonary tuberculosis

Any disseminated atypical mycobacterial infection

Recurrent Salmonella septicemia

HIV wasting syndrome

HIV encephalopathy

*AIDS = acquired immunodeficiency syndrome; HIV = human
immunodeficiency virus.

well as analogy with the biologic features of other
retroviruses suggests that most, if not all, such
patients will remain so indefinitely.'?'® Although
patients have been described who are culture
positive but seronegative for HIV,'*'® this situa-
tion is rare except during a “window” period of
3 or more months after acute HIV infection before
antibodies develop. These observations establish
the practical utility and importance of serologic
testing for HIV antibodies.

Several laboratory techniques are available
for the detection of antibody to HIV. Currently,
ELISA and Western blot techniques are used
most often for screening and confirmatory tests,
respectively. Other technigues that have proved
useful in the research setting are radioimmuno-
precipitation and membrane or cytoplasmic in-
direct immunofluorescence assays. These tests
vary in complexity, cost, time to perform, speci-
ficity, sensitivity (defined both in epidemiologic
terms and in terms of the antibody concentration
necessary for positivity as assessed by serial
dilution), antibody specificities detected, and time
course for seroconversion after initial infection
All require HIV antigen, but the source and the
method of preparation of HIV antigen vary, as
does the means by which antibody-antigen bind
ing is detected.

HIV ANTIGENS

The antigenic source material for commercially
available ELISA and Western blot tests (as wel
as most other methods) has been HIV grown ir
human T-cell lines, most often the H9 cell line
(a cloned lymphoid leukemia cell line that is im
mortalized by HIV infection and thereby allow:
continuous production of virus).® Figure 1 sche
matically illustrates the HIV genome and th:
major antigens that have been characterized. Anti
gens are labeled by their estimated size in kilo
daltons and are proteins (p) or glycoproteins (gp)

The gag gene codes for a precursor polyproteit
ph5, present in infected cells but not in purifiec
extracellular virus. It is cleaved to form smalle
structural proteins including pl17 and the ant
genically important core protein p24, present i1
both extracellular virus and homogenized, HIV
infected cells.

The env gene codes for a highly immunogeni
precursor glycoprotein gpl60, again present i
infected cells but not in purified extracellula
virus, which is cleaved to form the envelop



wyo Clin Proc, April 1988, Vol 63 HUMAN IMMUNODEFICIENCY VIRUS ANTIBODIES 375
gp120
HIV GENOME
5 gp4at
gag sor tat ort
LTR LTR p66/51, p31
po!
p66/51 RS RNA
p55 /
—_ Virai membrane

p17 p24 ;;15

A

(host cell denived
iipd bilayer)

tinternal location
B unknowny

1g. 1. Schematic representation of human immunodeficiency virus (HIV) genome and antigens, which are labeled by their
stimated size in kilodaltons. gp = glycoproteins; p = proteins. See text for discussion. (From Human Immunodeficiency
virus [HIV] Biotech/Du Pont HIV Western Blot Kit package insert, Du Pont Company, Wilmington, Delaware.)

attachment glycoprotein gpl120 (highly immuno-
zenic) and the transmembrane glycoprotein gp41
‘moderately immunogenic). Both of these glyco-
proteins are present in extracellular virus and in
infected cell homogenates.

The pol gene codes for the viral reverse transcrip-
tase (p66/p51) and the endonuclease protein p31.

Methods that use concentrated extracellular
virus as a source of antigen (ELISA and Western
blot commercial kits) are rich in p17 and p24 and
will best detect anti-p24 and anti-p17 antibodies.
In contrast, the high-molecular-weight antigens
gpl60, gpl20, and, to a lesser extent, gp4l are
generally more immunogenic. Antibodies directed
to epitopes of these glycoproteins are present in
high concentrations in serum specimens. Unfor-
tunately, these antigens are poorly preserved in
the preparation of current-generation commercial
test kits; thus, these kits are relatively insensitive
for detection of antibodies directed against these
important antigens.'® Improvements in the pu-
rity and composition of antigens used in serologic
tests could be expected to enhance their per-
formance substantially. One important approach
with good preliminary results bypasses HIV cul-
ture and uses recombinant DNA techniques to
express cloned HIV antigenic polypeptides in
bacteria.'”"®

ENZYME-LINKED

IMMUNOSORBENT ASSAYS

In the “generic” ELISA, test serum is incubated
with HIV antigens (as described in the foregoing

material) immobilized on beads or wells; non-
specific antibody in the serum is removed by
washing, but anti-HIV antibodies with affinity
for the antigens present in the system remain
bound. The presence of bound anti-HIV is de-
tected by an anti-human IgG linked to an enzyme
such as horseradish peroxidase; when appro-
priate substrate is added, spectrophotometrically
detectable color is produced, the optical density
of which is proportional to the amount of anti-
HIV bound. The cutoff optical density is estab-
lished by the manufacturer and affects sensi-
tivity and specificity of the assay inversely. A
sample that is initially reactive is retested in
duplicate and deemed positive only if “repeatedly
positive”’—that is, at least one of the subsequent
two tests is also reactive. Estimates of sensitivity
have ranged from 82% in early studies®® to more
than 99% more recently,?’ and the estimated
specificity is 93 to more than 99%.?° Currently
licensed tests properly performed likely have
sensitivity and specificity for HIV infection that
exceeds 98 to 99%.° Because of the lack of a
readily available definitive test, these estimates
are based on the assumptions that all patients
with AIDS or AIDS-related complex have anti-
HIV antibodies and that all low-risk random
donors are antibody negative.

The degree of reactivity and the risk factors of
the patient both influence the clinical interpre-
tation of a positive ELISA test. In screening
programs of low-risk persons such as blood

donors, the positive predictive value of a weakly



376 HUMAN IMMUNODEFICIENCY VIRUS ANTIBODIES

Mayo Clin Proc, April 1988, Vol 63

reactive ELISA is only 2%, in comparison with
a predictive value of 87% for a strongly positive
test in the same population.?? In contrast, a
strongly reactive ELISA in a high-risk popula-
tion has a positive predictive value of 99%.'%#%2
The degree of reactivity, however, may decline
late in the course of AIDS.24#

False-positive ELISA reactivity has been noted
with low frequency in panels of serum speci-
mens from patients with other immunologic
abnormalities including hematologic malignant
lesions (0 to 7%), acute DNA viral infections (5%),
or serum samples positive for rheumatoid factor,
antinuclear antibody, and other autoantibodies
(17%).29%82° A recent retrospective study in which
an enzyme immunoassay kit was used found
high false-positivity rates in patients with mul-
tiple myeloma (21%), primary biliary cirrhosis
(20%), and primary sclerosing cholangitis (12%);*°
in addition, false-positive results have been re-
ported in 13% of 95 patients with alcoholic
hepatitis.>*®* One notable association with false-
positive ELISA reactivity in some commercial
preparations has been patients with anti-HLA-
DR4 antibodies, most often multiparous or mul-
tiply transfused patients.?®®' This reactivity has
apparently been due to H9 cell line-derived class
II HLA antigens present in the assay system. An
exclusionary assay is available that includes a
control well prepared from uninfected H9 cells;
serum samples that are nonspecifically reactive
with HLA antigens will have comparable re-
activity in both the HIV antigen-containing well
and the non-antigen-containing well. With use of
this system, however, confirmatory testing of
positive serum specimens with an alternative
method is still recommended. Assays that use
antigen produced in the CEM cell line (an alter-
native “immortalized” neoplastic human T-cell
line), such as the lymphadenopathy-associated
virus (LAV) enzyme immunoassay (Genetic Sys-
tems Corp., Seattle, Washington), also lack class
II HLA cross-reactivity,®® as do techniques that

use recombinant DNA antigen.

WESTERN BLOT METHOD

Procedure.—Western blot techniques have been
the qualitative test most widely available and
used for confirmation of ELISA-reactive serum
samples, although other methods, particularly
immunofluorescence assays,**®" may also be
applicable. Like the ELISA test, Western blot

techniques use a mixture of HIV antigens tradi-
tionally derived from extracellular, partially puri-
fied, disrupted whole virus. In the Western blot
test, however, the HIV antigens are electro-
phoretically separated into discrete bands that
are transferred (“blotted”) onto nitrocellulose
paper. On incubation of nitrocellulose test strips
with patient serum specimens, anti-HIV immuno-
globulins bind with specific antigenic bands and
thus facilitate separation and identification of
the antibody specificities present (Fig. 2). Tradi-
tionally performed in reference laboratories, the
Western blot method lacks standardization, is
cumbersome, and is subjective in interpretation
of banding patterns. Some laboratories purchase
commercially prepared nitrocellulose test strips
loaded with antigen, whereas others prepare their
own test strips. Antigen composition and quality
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Fig. 2. Typical Western blot banding patterns. AIDS = ac
quired immunodeficiency syndrome; ARC = AIDS-relatec
complex. (From Burke and associates.®® By permission of the
American Society for Microbiology.)
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banding may vary considerably, depending on
> source of antigen and the method of prepa-
sion. Antigenic components present on test
1ips have also undergone changes during the
st several years; glycoproteins and high-
slecular-weight proteins (more than 100 kilo-
ltons) are more difficult to preserve on pre-
red test strips, but with the increasing recog-
tion of the importance of these antigens,
veral test systems now contain such antigens,
irticularly gp120. Variations in methods and
agents among laboratories and over time make
e overall sensitivity and specificity difficult to
isess, but the Western blot technique is gener-
ly thought to be more specific and less sensitive
ian ELISA.*
Indeterminate Results.—The definition of
ositivity for the Western blot method has been
»mewhat controversial. Test strips showing no
ands are negative; strips showing bands at both
24 and gp4l are considered positive. On the
asis of recommendations from the Centers for
Jyisease Control, p24 alone is also positive, but
1any laboratories find this pattern nonspecific,*
sarticularly in the context of screening programs
low-risk subjects). Single bands other than p24
nd multiple band patterns lacking p24 are also
ndeterminate. For a recently licensed commer-
ial Western blot kit (Biotech/Du Pont), the pres-
:nce of multiple bands—namely, p24, p31, and
sither gp4l or gp160—is necessary for a positive
nterpretation, according to the manufacturer’s
ecommendations. Any other banding pattern
with this system is considered indeterminate.
Clinical interpretation of indeterminate results
necessitates correlation with the patient’s clinical
status and medical evaluation in conjunction
with subsequent Western blot testing or retesting
with alternative methods. A few patients with
indeterminate results have early HIV infection
and an incomplete serologic response; in such
patients, subsequent testing will disclose serocon-
version. An incomplete (indeterminate) pattern
may also be seen in advanced AIDS as immuno-
logic responsiveness wanes, particularly with loss
of anti-p24 antibody. This situation is usually
clinically apparent. Screening programs can,
however, detect normal persons with anti-p24
alone or an indeterminate multiple band pattern
who are at low risk for HIV infection, on follow-
up fail to show evolution to seropositivity, and
remain without evidence of HIV infection.3®%7

SEROCONVERSION AFTER

ACUTE INFECTION

A special problem in the interpretation of HIV
serologic tests arises in the presence of possible
recent primary infection. Clearly, time must
elapse before antibody production and serocon-
version occur. Positive HIV cultures have been
substantiated during this “window” period.*®
This phenomenon is of concern in screening pro-
grams for blood, sperm, and organ donors and
also needs to be considered in the assessment and
counseling of patients with possible infectious
exposure to HIV or symptoms consistent with
primary HIV infection.

Information about the time course of antibody
responses after primary HIV infection in humans
is available from only a small number of case
reports of patients whose infecting event and
date of infection are known and whose serologic
status was assessed prospectively at frequent
intervals. In some reports, the date of infection
is not known but seroconversion with a charac-
teristic sequence of antibody responses has oc-
curred during or shortly after a well-described
acute, self-limited, symptomaticillness attributed
to primary HIV infection. Case studies have in-
cluded health-care workers,***° transfusion and
blood product recipients,*™* intravenous drug
users,”® and homosexual men.*®*™

Symptoms associated with seroconversion range
from none to a symptom complex beginning 3 to
8 weeks after infection and resolving sponta-
neously within 3 weeks in most patients. This
syndrome includes fever, severe fatigue, myal-
gias, arthralgias, nausea, vomiting, diarrhea,
loss of weight, headache, and photophobia. Find-
ings have included adenopathy and a pruritic,
maculopapular, or urticarial rash. An associated
lymphocytic meningoencephalitis and peripheral
neuropathy have been reported.*®***’

Seroconversion'®%8414648750 a5 generally been
detected (by any method) within 2 to 3 months
after the initial infection or during to shortly
after a symptomatic illness in most reported
cases in which serologic testing was performed
at least monthly. A consistent sequence of anti-
body responses to specific viral components,
based on the ability of Western blot techniques
and radioimmunoprecipitation to distinguish

antibody specificities, then occurs (Fig. 3). The
earliest antibodies to appear are directed against

gpl60, gpl20, p24, and pl7; 2 to 4 weeks later,
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Fig. 3. Time course of serologic responses in patients with human immunodeficiency virus (HIV)
infection. AIDS = acquired immunodeficiency syndrome; ARC = AIDS-related complex; gp = glycopro-

teins; p = proteins.

antibodies with affinity for gp41 and antigens in
the 50- to 65-kilodalton range become detect-
able, 9384146483152 Apti.p31 appears 3 to 6 weeks
after the earliest antibodies.'®*®** Antibody titers
continue to increase during a period of several
months and eventually stabilize in asymptomatic
carriers. In patients who have progression to
AIDS, antibody to p24 declines or disappears,
and antibodies to enuv-derived antigens gp4l,
gpl20, and gpl60 become the most consistent
findings.'®24273%52 Antibody to the pol-derived
antigen p31 diminishes in AIDS but not to the
same extent as anti-p24.%

Methods most sensitive for the detection of
antibody to p24 or higher molecular weight anti-
gens would be expected to be the first to confirm
seroconversion in early HIV infection. As noted
by Burke and associates,* sensitivities of com-
mercial ELISA kits for detection of antibodies to
individual viral proteins differ substantially; in
particular, the Abbott ELISA kit optical density
values most closely reflect antibody to gp41 and
p31, whereas three other ELISA kits correlate
more closely with p24, especially the kit manu-
factured by Du Pont. Therefore, the time to sero-

conversion will differ with use of various ELISA
kits. Such a tendency was shown by Cooper and
colleagues,*® who found that the longest time
period for seroconversion occurred with the
Abbott assay; in comparison with other ELISA
assays tested, however, the difference was not
statistically significant.

CONCLUSION

As a screening test for HIV infection, the ELISA
is highly sensitive and specific. The predictive
value of a positive ELISA varies from 2 to 99%,
depending on the degree of ELISA reactivity and
the presence of risk factors for HIV infection.
False-positive results may occur in patients with
other conditions, including chronic liver disease,
myeloma, and autoimmune disease.

Positive ELISA results should be confirmed
with an alternative method; most often, Western
blot techniques are used. In some cases, Western
blot results are indeterminate, and subsequent
testing or alternative serologic methods may be
necessary for clinical interpretation. In patients
with acute HIV infection, Western blot bands
appear in a characteristic sequence, usually
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vithin 3 months after infection. In patients with
AIDS, reactivity with corerelated antigens such
15 p24 may decline with progression of the course
»f the disease.

Serologic tests for HIV antibodies and alterna-

ive diagnostic strategies are dynamic and con-
inue to undergo refinement. Improved labora-
;ory technigues (such as the use of recombinant
DNA antigens) will likely enhance test results in
the future.
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