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REVIEW OF TESTING FOR HUMAN
IMMUNODEFICIENCY VIRUS

David |. Bvlund, MD, Ulrike H.M. Ziegner, MD, PhD,
and Dennis G. Hooper, MD, 'hiD

The human immunodeficiency virus (HIV) isolates from patients with
clinical acquired immunoedeficiency syndrome (AIDS) and related prodro-
mal diseases, described in 1983'* and 1984, 713165183187 are now called
HIV-1.% HIV-1 is the causative agent of the present AIDS pande-
mic, 14253322 A second type of HIV, called HIV-2,%2 was detected!™ and
isolated in 1986 from AIDS patients of West African origin*! The first case
of AIDS due to HIV-2 in the United States was reported in 19873
Currently, HIV-2 infecton in this country is rare, 735183 Thus, the focus of
this review is on laboratory tests useful for the specific diagnosis of HIV-1
infection.

Clinical applications of diagnostic HIV tests have decreased dramati-
cally the risk of transmitting HIV by transfusion.518.217 Fyrthermore,
screening assists worldwide epidemiologic surveillance'®®183 and early de-
tection of asy mftumatlc individuals whor ﬂglre counseling and therap}r for
HIV infection *6163:174 e

BIOCHEMICAL OVERVIEW OF HUMAN
IMMUNODEFICIENCY VIRUS
The Virus

HIV is a complex retrovirus of the lentivirus subgroup. 1452 HIV
contains two copies of single-stranded wviral RNA.** Haseltine® lucidly
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! undetectable or, more commonly, persistent lower levels.
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describes HIV as follows: the diploid single-stranded RNA am:l viral repli-
cative enzymes are found in the inner core of the virus particle, which is
surrounded by a protein capsid and a lipid membrane. Envelope glycopro-
tein is inserted in the lipid membrane, but protrudes through the membrane
to form the outer surface of the virus particle.

Molecular Genetics

The HIV genome contains typlcal retroviral structural genes that en-
code the proteins of the whole virus particle and replicative enzymes.?® By
convention, structural genes are gng (group antigen), pol (polymerase), and
env (envelope).'®2" HIV-1 also contains at least eight additional regulatory
and accessory genes that regulate the virus life cycle.?”” The HIV-1 genetic
structure is shown in Figure 1, and the major protein products of the struc-
tural genes are listed in Table 1,124.184.209

The regulatory genes taf, rev, and nef specify proteins essential for viral
replication and play a central role in regulating the rate of virus replica-
tion,199.209

Accessory gene products include vif, vpr, vpu, vpt, and tev /tnv.2® Vpu is
found only in HIV-1.2 An alternate form, designated vpy, is found only in
HIV-2.2% Vif, vpu, and vpr affect the assembly and replication capacity of
newly made virus particles®™ and may play a role in virus spread from tissue
to tissue and from person to person.” The reader is referred to several
excellent reviews for a better understanding of the immunopathogenesis of
HIV infection 5%:137.180.185

SEROLOGY OF HUMAN IMMUNODEFICIENCY VIRUS-1
INFECTION

A period of viremia and antigenemia without detectable antibodies
occurs within 4 to 6 weeks of initial HIV infection.?!#740.1% During this
phase, high levels of plasma p24 antigen*®%728 and HIV-1 virus can be
cultured from plasma and peripheral blood mononuclear cells (PBMC).#0>4
Coinciding with seroconversion,**** plasma viremia and p24 antigenemia
decline to low levels.®®** Viral titers of cultured PBMC also decrease to
40,5493

Seroconversion usually occurs within 2 weeks to 3 months, 240475472
but rarely may take up to 34 months or longer.**¢1%® Protracted time to
seroconversion has also been reported in immunosuppressed patients.’
One report indicates that 95% of cases can be expected to seroconvert
within 6 months after exposure to HIV.*

Seroconversion begins with an IgM response,'®*® mainly to gag pro-
teins,'® with a switch from IgM to IgG antibodies over 1 to 41 weeks.!®
Cooper et al*® reported that IgM antibodies, detected by indirect fluores-
cence assay, first appeared in an average of 5 days after the onset of acute
illness in eight homosexual men, then peaked at 24 days and were undetec
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Table 1. MAJOR HUMAN IMMUNODEFICIENCY VIRUS STRUCTURAL
GENES AND THEIR PROTEIN PRODUCTS

Structural Genes Protein Product

| env (envelope) ~ gp41, gp120, gp160
gag (group antigen) p24, p17, p7, p8
pol (polymerase) p31, p51, pb6, p11

p = protein; gp = glycoprotein.
Mumbers indicate the approximate molecular weight of the proteins in kilodatons. (Data from CDG
LUipdate: Serologic testing for antibody to human immunodeficiency virus. MMWR 36:833, 1988.)

table by 81 days. The IgM response precedes that of IgG by 5 to 7 days and
overlaps the period of antigenemia.**

The sequence of the IgG response is somewhat variable, depending on
the methods used to detect antibody reactivity.2*® Most studies report the
initial detection of anti-gag (p24) and anti-envelope (gpl60 and gpl120),
followed by antibodies to gp4l and other 50-65 kd wviral pro-
teins, 2840119198216 Gome investigators have noted anti-gp41 before? or
with*® the presence of anti-p24. Concurrent with the rise in anti-p24 occurs
the decline of detectable p24 antigen.*11*18¢2%2 g G antibody titers typically
1ncrease over a period of months and eventually stabilize in asymptomatic
carriers.®

As the clinical stage of HIV infection progresses to AIDS, in adults
generally occurring over years, 172 detectable p24 antigenemia increases
again, associated with a declining trend in the detectable anti-p24
titer 212015718 Titers of env antibodies generally persist throughout HIV
infection, whereas anti-p31 declines in AIDS, but not to the extent of anti-
p24.%%1% Titers of plasma HIV rise with the appearance of symptoms.
Figure 2 shows the IgG humoral response correlated with free viral antigen
and host immune function.

HUMAN IMMUNOQDEFICIENCY VIRUS TEST METHODS

The various tests commonly used in clinical laboratories and in research
protocols are summarized in Table 2

Antibody Tests

The detection of HIV antibodies remains the mgst efficient and com-
monly used method to prove HIV exposure and to screen blood products. Tes
In 1933 alone, laboratories enrolled in the Centers for Disease Control
Performance Evaluation Program performed an estimated 23 to 32 million
1IV-1 antibody tests.®* A test for HIV antibodies is considered positive
when a sequence of tests, starting with a repeatedly reactive enzyme-linked
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INFECTION U138, AUEDIAS. g Mﬁ“ﬁ‘wj

LEVEL
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Wiie
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o
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Time and Clinical Stage

Figure 2. Humoral response comrefated with free viral antigen and host immune function.
(Adapted from Pizzo PA; Wilfert CM: Pediatric AIDS. Baltimore, Williams & Wilkins, copyright @
1991, p161; and Wong-5taal F: (tentatively titled) The AIDS virus: What we know and what we
can do about it. West J Med 1991, in press, with parmission).

immunoabsorbent assay (ELISA) and including an additional, more specific

assay such as Western blot (WB), is consistently reactive.?® A positive anti-
body test result provides evidence of past exposure to HIV proteins and,

outside of the perinatal and neonatal period, presumed infection 36

4+ adlodies i babier = ‘uku-d-‘ﬂ* ?

Enzyme-Linked Immunosorbent Assay

Enzyme-linked immunosorbent assay is the most common assay used
to screen for HIV-1 because of its low cost, standardized procedure, high
reliability, and rapid turnaround.' Initially licensed in 1985 to scree’ﬁ"%?‘

—hated Blood and blood products,'® the use of ELISA was quickly expanded

to screen for HIV antibodies in populations with low or high prevalence of

HIV %6218 This expanded screening application was not without controversy

in the scientific community.'*'¥2 Several studies have reported high sensitiv-

ity for this test, ranging from 93% to 100%%7%#.160173207.215; the stated

sensitivity for licensed tests under optimal laberatory conditions is greater

(L than 99% % Specificity of licensed tests is about 99% when repeatedly
reactive tests are included.?®

Numerous ELISA kits, licensed by the Food and Drug Administration
(FDA), are commercially available ® The principle of most test pmcedg_r_x;:ﬂi
based on noncompetitive, indirect ELISA, using imumobilized HIV antigen

to bind 1gG HIV antibodies in the test sample **132347.201 Bound HIV anti-
bodies are detected after complexing with enzyme-iabeled anti-human IgG,
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Table 2. VARIOUS LABORATORY TESTS FOR HUMAN
IMMUNODEFICIENCY VIRUS INFECTION

Antibody tests
ELISA

Immunoassays using recombinant and synthetic peptides
Rapid agglutination assay

ws NN
& Ry ghy L0

Antibody-dependent cellular cytotoxicity
Direct detection tests .FE !

Antigen assays
p24 antigen capture ELISA C
Flow cytometry
Culturefcoculiure
DNA/RNA detection
PCR 'U
in situ hybridization
Other hybridizations NSNS Vve-
Dot blot filter e O Eiher g N
Southern blot st . /t'(
Morthern blot =
Other tests Qi+
Neopterin
Immunoglobulins (IgG, IgA, Ight)
Acid labile alpha-interferon
f=-Microglobulin
Interleukins {IL-2, IL-6)
Nef factor
Urine igG and IgA ELISA
in vitro antibody production and ELISPOT

Erythrocyte adenosine deaminase
Thymosin

which enzymatically catalyzes a colorless soluble substrate to a colored
—product. The resultant color change, read spectrophotometrically as optical
density (OD), is directly proportional to the concentration of HIV antibodies

|_in the test sample. The result is evaluated based on the cutoff OD values for
~ positive and negative confrols, determined individually for each run, Indi-

vidual test procedures vary in the cutoff OD values for reactive tests.'®®

but not FDA licensed, that gives OD values inversely proportional to the
amount of HIV antibodies in the test sample 52132

Most assays use inactivated, purified, whole virus lysate from H-9 or
CEM T-lymphocyte cell lines as the source of HIV antigen,'®2% which is
stated to be rich in p24 and p17 antigen, with some loss in gpl160, gp120,
and gp41 antigens during preparation.’® Contamination of the antigen

_ There is one competitive whole virus lysate ELISA commercially available, <

Fp reparation by cell culture material may be a cause of false reactive tests,

due to cross-reactions. Notable in this regard are reports of false reactive

TTELISA, due to a cross-reaction between HLA-DR antibodies and antigens
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from the H-9 cell line."? This problem now appears largely resolved20t by
employing recombinant and synthetic peptides as Exw‘ﬁéﬁ%msx kits;
three such kits are currently licensed by the FDA %2

Nonreactive results in true infected persons (false nonreactive) can
occur if testing is done before seroconversion?-134168 o in immunosup-
pressed patients,’ including patients late in the course of AIDS 84186 Also,
ELISA for HIV-1 usually does not detect antibodies to HIV-2 42

False reactive ELISA results occur for many reasons, including human
error,'® variability in the test kit, 188 administration ofimmunoglobulin prep-
arations pooled before 1985,2581.11622 hampdialysis, ! and, in persons with
autoimmune disorders, multiple myeloma, hemophilia,*®’ alcoholic hepati-
tis, or a positive rapid plasma reagin (RPR) test,%.140.198 Many times, the
cause of false reactivity remains unknown.?” Therefore, confirmatory tests
are necessary to diagnose true HIV infection from ELISA false reactive
specimens, %

To prevent mislabeling of patients, interpretation of ELISA results re-
quires attention to the degree of test reactivity (OD value)?* 194198218 3 d the

\ pretest probability of disease in the person tested (prevalence)!®®; together

these define the predictive value of the test.!®8 In a population with a low
prevalence of HIV infection, such as blood donors, one study®'® found the
positive predictive value in specimens with low or moderate reactivity to be
1.9%. In this same population, however, highly reactive specimens had a
positive predictive value of 86.7%, In a high-risk population, even moderate
ELISA reactivity has a positive predictive value greater than 95%.188

The FDA has licensed one ELISA kit for detecting antibodies to HIV-2,
but use of the test by blood banks is not required at this time, because HIV-2

infections are essentially absent in US blood donors. The FDA recommends
that reactive HIV-2 ELISA tests be confirmed with WB.!

Immunoassays Using Recombinant or Synthetic Peptides

Recombinant and synthetic peptides, used as antigen, offer the latest
generation of tests to detect HIV antibodies, 3198 with the expectations of
constructing hi i ific assays, COMp €01 Superior 1o
current whole virus tests. 5077149169 Thege assays provide the advantages of
safe and cost-effective antigen preparation.?’

Recombinant protein, igmduced in bacteria and yeasts, has been used
as antigen in ELISA,ZOOMBIE radioimmunoprecipitation assay,® latex

)y

agglutination,”® and WB tests, 2% The sensitivity (99 - 100%)% and speci-
ficity (100%) of these assays are excellent,”® and they may detect serocon-
version €atlier than whole virus ELISA.2? Recombinant p24 antigen has
been used to block anti-p24 activity in ELISA, thereby providing a simple
way to distinguish true infection from false reactive specimens in indeter-

minant WB reactions, % ——
One recombinant antige C.Br@‘nntaining immunodominant se-
quences of gp120 and gpd1 envelope glycoproteins, is reported to have a
sensitivity and specificity comparable or superior to the WB test. 2% A CBre3-
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ELISA is used as a confirmatory test in the Department of Defense testing
algorithm.?

Enzyme-linked immunosorbent assays to detect antibodies specific to
HIV ep 1to have been developed, using chemical synthetic peptides as
anhgen 10.196 Cyurrent ELISA, employing HIV-T whole virus lysate as anti-
gen, do not effectively distinguish HIV-1 from HIV-2 because of cross-reac-
tivity in the homologous regions of the gag and pol proteins of these vi-
ruses.®>1% Also, a whole virus ELISA, designed to detect HIV-1, will not
reliably detect HIV-2, because there is only about 40% homology in their
envelope antigens. 7¢ Investigators have isolated immunodominant do-
mains in the env glycoprotein for both HIV-177 and HIV-2.% In contrast to
whole virus ELISA, these site-specific synthetic peptides, correlating to HIV
epitopes, can be used to discriminate HIV-1 from HIV-2 infection,10.76.149.1%6
Additional potential advantages of peptide ELISA include increased speci-
ficity for HIV env antibodies in screening assays and easy access to standard-

ized antigen that does not require preparation in a biohazardous environ-
ment 778,149,196

Rapid Agglutination Screening Assays C [Fred /k’f( A M 'GM

Rapid latex agglutination assays (LA) are designed for use as screenin
tests, where the technical requirements of ELISA are not accessible.?>167.1
There is one restricted FDA licensed latex agglutination test available in the
United States for detecting HIV-1 antibodies.®? This latex agglutination
_test!76 uses latex beads, coated with recombinant CBre3 anhgen, admixed
with a small amount of whole BIood or serum and rotated om'a card. The
suspension is evaluated by eye in a bright light after 3 minutes for aggutina-

¢ tionrelative to a negative control.
g  Initial use of this test in African field studies, where the environmental
conditions make its use necessary, demonstrated variable sensitivity from
71.4% to 99.3% and specificity values from 92.7% to 98.8%.71.9%167
More recent application of this test in US populations witira fow and
s- high prevalence of HIV 4 n has shown sensitivity from 92% to
99 %%4176 and specificity 0f.99%,YV® One report®® noted 20% interobserver
variation, related to difficulty in assessing weak agglutination reactions,
indicating the high possibility of misreadings. Considerations of the positive
predictive value, similar to ELISA, apply to rapid screening tests.?”?2 Speci-
mens reactive by latex agglutination assay or other rapid methods, such as

Agk

/-.4 b

N

passive hemagglutination,?'* should definitely undergo confirmatory test-q;g} /

ing 27

A rapid test designed for disting
has been tested in Africa.}
regard to the discriminationn o
was established, although further testing is required to speaﬁcally dlstm-
guish HIV-1 and HIV-2. The test uses latex beads that are coated with
synthetic peptides, correlating to the transmembrane glycoprotems of HIV.

1 and HIV-2. £ s 98%)

ishing HIV 1 from HIV-2 infection
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Table 3. DIFFERENT IN%&P%ETIVE CRITERIA FOR POSITIVE

WESTERN BLOT TESTS
Heaith Organization Criteria
FDA and Consortium for Retrovirus Serology Bands for either p24 or p31 and gp41 or
Standardization (Davis, CA) gp160/120
American Red Cross (Washington DC; ARC) Three or more bands with one band from

each; gag, pol, env
Centers for Disease Control (Atlanta), Associa- 2 of 3 bands: p24, gp41, or gp160/gp120
tion of State and Territorial Public Health Lab-
oratory Directors (lowa City) (CDC/ASTPHLD)

UTEA

Western Blot Test

The WB test is the most commonly used confirmatory test for the
presence of HIV-specific antibodies.?” Currently, there is one FDA licensed
commercial WB kit available.’? Compared with ELISA, the WB is more
expensive, fime consuming, and requires more technical expertise, due to

3 Subjective interpretation.’® The overall sensitivity and [specihicity bf WB
tests are| high/ however, considerable debate regarding th ve cri-
teria perSiSts. There is still no universally accepted criterion for an interpre-
tation as positive.

Protein antigens, prepared from partially purified whole virus lysate,

are electrophoresed in a nondenaturing polyacrylamide gel, with the lowest
molecular weight fractions migrating the longest distance. The viral pro-
teins are then transferred (blotted) onto nitrocellulose paper that is sliced
into strips to serve as solid phase antigen for further exposure to test sample.
After an incubation period, a profile of antibodies, bound to various viral
proteins, is identified by enzyme-linked anti-human IgG and a complex-la-
eling substrate in a reaction sequence similar to the ELISA method. Anti-
gen-bound antibodies cause a color change, resulting in bands that can be
/ Visualized. Positive and negative control sera and molecular weight protein
» jstandards are run simultaneously to allow identification of virus-specific
antibodies.

Valid criteria, used by different organizations for reporting positive blot
results, are given in Table 3. The gp41 and gp120 bands do not separate
well, because these glycosylated envelope proteins migrate slowly in the

// polyacrylamide gel,’” so that these two bands are considered as one reac-

5 tant for interpretation of results.’® A negative test Interpretation requires

~“0© " the absence of all bands. The presence of any band pattern that does not
meet criteria for a posjtive test is regarded as indeterminate. Such stringent
interpretive criteria gjLz;&_iLe the specificity necessa
sampies %roﬁw—nsli individuals, such as onors. ‘éE

- ¢ Thesecriteria may not be ideally§uited for testing persons atincrease

risk of HIV infection or for testing persons with symptoms suggestive of HIV

infection, especially if a p24 band only is detected.!®® NK y\,\l;t\’

e ——

[
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As with ELISA, false-negative results cap occur in the very early phase
and the late stages of HIV infection.
False-positive results have been reported\in patients with human leu-
wﬁnﬂgeniﬂﬂhﬂdiesﬁ;pﬂhﬂkuﬁnmﬂa,w% |
polyclonal gammopathies,'®" and in healthy individuals as the result 0
"poorly understood crbiss-reaction.##20
In one study, involving the screening of a low-risk population, the
false-reactive rate of combined ELISA and WB testing was less than one in
10522 Of some concern was the high frequency of indeterminate WB with a
reactive ELISA from persons with no identified risk factors for HIV-1 infec-
tion. In general, these indeterminate patterns do not change on follow-up
tests, except in a small number of cases of true infection. The nunchsmgiFE

indeterminate WB patteww:mven similar
patterns, perSisting from months to years, have beef seen in HIV-1-
infected individuals.*

A study by Jackson et al'™! concluded that low-risk blood donors with
persistent indeterminate HIV-1 WB patterns are rareby, if ever, infected with
HIV-1 or HIV-2. However, patients with indeterrminate WB paftems should

e followed. Additional testing, using recombinant antigen, viral culture/
coculture, or gene amplification may help resolve the problem.

Indirect Immunofiuorescence Antibody Assay

The indirect immunofluorescence antibody (IFA) test is a confirmatory
antibody test with excellent concordance with WB results.”#182% In experi-
enced hands, IFA results can be achieved within hours, are less costly, and
require very small amounts of sample. No FDA licensed commercial IFA kit
is currently available for HIV antibody detection.”

The test uses cells of chronically HIV-infected T- cell lines that are fixed
10 a slide with acetone, air dried, and thereafter incubated with the patient’s
specimen, usually sera. After incubation, the cells are washed and incubated
with anti-human IgG, which is conjugated to fluorescein isothiocyanate,
and thereafter contrasted with Evans blue. Known positive and negative
control sera are tested simultaneously. The slides are evaluated by fluores-
cence microscopy, based on the fluorescence intensity and the type of fluo-
rescence pattern. Fluorescence of infected and uninfected T cells after expo-
cure fo the same specimen is compared to eliminate background
fluorescence and nonspecific binding. Due toa high expression of env on the
cell surface, IFA is highly sensitive to gpl 20-directed antibodies.!” Unspe-
cific results may be analyzed by WB.7

Radioimmunoprecipitation Antibody Assay

Radioimmunoprecipitation antibody assay [RIPA) is aresearch proce-
dure!!1471% that requires the use of radioisotopes as a second biohazard in
~ddition to the maintenance of HIV-infected cell lines. The test s costly and
needs stringent technical skills. 71 B
—Aetively growing HIV-1 infected cells are exposed to radiolabeled



amino acids, which become incorporated into the viral proteins.'® The cells
are lysed and cleared from proteins that bind nonspecific antibodies by
blocking these epitopes with HIV antibody-negative serum, bound to pro-
tein-A sepharose beads. The cleared cells are then mixed with the patient’s
sample, which also has been preabsorbed with protein-A sepharose beads.
In case of seropositivity, radiolabeled antigen —antibody complexes form,
which are precipitated from solution and separated by polyacrylamide gel
electrophoresis. The resulting specific bands are developed by autoradiogra-
hy.

o The binding patterns are essentially similar to those of the WB test.
Similar to IFA, RIPA is more sensitive in the detection of antibodies against
envelope proteins,?® whereas WB is superior to RIPA in determining the
presence of transmembrane and core antibodies.*® Glycoprotein-enriched
RIPA (GRIPA), enriched for the glycoproteins gp120 and gp41, has been
used for sensitive detection of anti-gp120, which makes this assay a useful
confirmatory test for sera giving conflicting results in other assays,?%

The RIPA may be useful in resolving antibody status of persons sus-
pected of being infected with both HIV-1 and HIV-2.7

Antibody-Dependent Cellular Cytotoxicity

HIV-specific cell-mediated cytoxicity has been reported: ex-
tensively, and correlations to cdlinical stages of disease were
made, 108127-129,152.179.193,206. 213 Cytotoxic T-lymphocytes, natural killer cells,
and antibudy—dependent cellular cytotoxicity, which is mediated by anti-
body “armed” natural killer cells, are able to Iyse HIV-infected target cells in
vitro and possibly in vivo as well. Cytokines are known to enhance the
activity of such cellular immune responses,’” but the protective value of
this system is questionable. We were able to demonstrate antibody-depen-
dent cellular evtotoxicity - mediated lysis of uninfected CD4 lymphocytes
coated with whole HIV or with synthetic peptides correlating to specific
epitopes in the gp120 and gp41 region.** If similar cytotoxicity against CD4
lymphocytes, to which noninfective virions or gp120 particles might have
adhered, takes place in vivo, cell-mediated cytotoxicity might attack the
autologous immune defense system by causing CD4 cell depletion, the
hallmark of AIDS. As long as the role of cell-mediated immunity in HIV
infection is not clarified in vivo, cytotoxicity studies will remain a research
method.

Direct Detection Tests

Human Immunodeficiency Virus Antigen Deteclion Assays

Several commercial antigen ELISA kits are available for testing serum,
plasma, and HIV cell culture supernatants, B8 although only one of these
assays is FDA licensed %2 All of the available assays are ~based on solid phase
antigen capture, 68 usm% polyclonal or monoclonal HIV antibodies, followed
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by anti-HIV probe to form a “sandwich,” with a subsequent colorimetric
indicator step.8® Spectrophotometric absorbance, proportional to the
amount of HIV antigen present, is then measured.*® Reactive specimens
should be confirmed using an antigen neutralization assay.*** Available

assays primarily detect unmmgllexﬁd %24 antigen,?® with reported detection

“limits between 10 and 50 pg o ‘T antigen per milliliter %%

Assays that detect p24 antigen, bound in immune complexes, include a
fluorescent solid phase, Clg-binding assay,"® and standard p24 capture
ELISA after acid treatment causes immune complex hydrolysis.’** These
assays have demonstrated higher levels of antigenemia throughout the
course of HIV-1 infection and, more acccurately, reflect in vivo viral repli-
cation.

Antigen assays are very specific, but the sensitivity in detecting HIV
infection is low (4%) in asymptomatic seropositive persons and higher
{70%) in AIDS patients.®® This lack of sensitivity in asymptomatic seroposi-
tive individuals prohibits the use of antigen assays for screening pur-
poses, 4328898 Nevertheless, clinical situations in which direct antigen detec-
tion may be useful include®®®® (1) the detection of early HIV infection before
seroconversion, especially in high-risk persons; (2} the diagnosis of HIV
infection in infants; (3) the monitoring of antiviral drug therapy, mainly in
patients with AIDS or AIDS-related complex; (4) the differentiation of AIDS
from primary immunodeficiency syndromes in HIV-1 seronegative chil-
dren; and (5) the staging of persons with indeterminate confirmatory anti-
body results.

In addition, antigen assay may provide prognostic information 88910
Seropositive, asymptomatic individuals who have positive results for serum
antigen have been found to be more likely to progress to AIDS over a shorter
latency period than individuals who are seropositive, asymptomatic, and
have a negative result for the antigen >¢2#3133157.221

Flow cytometric analysis is another useful test especially in detecting
p24 antigen.!®! This technique is based on indirect immunofluorescence,
which recognizes antigen bound in immune complexes on the cell surface.
The system also recognizes intracellular antigens through a primary fixation
step of PBMC with 90% methanol, which gives immunoglobulin probes
access to the interior of the cell. The antigen bound to HIV-specific antibody
is detected indirectly by staining with a fluorescein isothiocyanate-
conjugated anti-1gG.

With this method, as few as one infected cell in 10° can be identified. ™’
There is excellent correlation to the clinical stage of disease, including the
evidence of efficacy of antiviral treatment with zidovudine 117139171 These
studies also reported the amount of p24 antigen-positive lymphocytes to be
inversely related to absolute counts of CD4 cells and to the incubation
period of viral cocultures. Multiparametric flow cytometry allows a simulta-
neous phenotyping of the HIV-infected cells. With flow cytometry, virus-
coated cells can be distinguished from truly infected cells. In contrast to viral
cultures, results are accessible within a day and, therefore, are of increasing
interest for monitoring antiviral therapy. Also, the low bichazard risk, due
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to fixation, makes the technique a preferable method for laboratory
workers, 49139

Human Immunodeficiency Virus Culture /Coculture

Before antigen confirmation, the patient’s specimen is cocultured with
cells permissive to HIV to promote its replication. CD4* lymphoid or pre-
monocytic cell lines or preferably PBMC, obtained from an HIV-uninfected
individual, which are stimulated with phytohemagglutinin, expanded with
interleukin-2, and pretreated with polybrene, are cocultured with the pa-
tient’s PBMC. In some laboratiries, the patient's lymphocytes and mono-
cytes are tested separately, because longer periods until the occurrence of

I virus replication have been observed for monocytopathic strains (unpub-
ished observations). Supernatants are harvested weekly and tested for the
presence of p24 antigen or reverse transcriptase. Because of the high vari-
able sensitivity, increasing wmgﬁmm of disease,* this test is only
conclusive in the case of a positive result. False-negative results may be due
to viral latency, the presence of proviral forms only, antiviral therap}', or the
predominance of CD8* suppressor cells, which are known to inhibit virus
replication in vitro,'%22 probably due to a secreted lymphokine.?'® The
coculture method is also applied for antigen detection in tissues or body
fluids. Culture isolation has been considered the reference method to detect
HIV. The rate of positive HIV cultures in confirmed seropositive persons
varies from 10% to 95%.'™ The culture method of Jackson et al,"® using
stimulated PBMC as HIV-permissive cells, has shown positive results in all
cases of HIV-1 antibody positive individuals.

Human immunodeficiency Virus DNA and ANA Detection

Nucleic acid probes have been used to identify both DNA and RNA
sequences of HIV. Common methods include the foliowing: polymerase
chain reaction (PCR), in situ hybridization, and others.

Polymerase Chain Reaction, Although HIV antibody ELISA tests are
specific and sensitive, positive results indicate only exposure to the virus,
without cunﬁrming infection. P24 antigen ELISA, following coculturing
permissive cells, is capable of detecting replicating virus, whereas proviral
forms cannot be identiiied. Therefore, procedures usmg mmphficationef-
nucleic acid, such as PCK and detection of oligonucleotides, have been
developed to identify regions of the viral genome,’* detecting infection
(presence of viral DNA) before antibody production begins.?® Polymerase
chain reaction uses two primers to DNA that are complementary to the plus
and minus strands of target DNA. With laboratory techniques of denaturi-
zation, renaturization, and elongation of the primers with a DNA polymer-
ase, there is an L:n:pumnﬁal increase in the number of r_ﬂpires of the DNA
region ﬂanﬂEd by the primers. Polymerase chain reaction is more sensitive
than vira! culture methods at detecti ing HIV genomes and can identify one
virus copy in 10* to 10° cells.'** Thirty cycles of PCE can potentially result in
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by anti-HIV probe to form a “sandwich,” with a subsequent colorimetric
indicator step.®® Spectrophotometric absorbance, proportional to the
amount of HIV antigen present, is then measured.®® Reactive specimens
should be confirmed using an antigen neutralization assay.*® Available

_assays primarily detect uncomplexed p24 antigen,?® with reported detection
limits between 10 and 50 pg n} F!]‘li antigen per milliliter 5%

Assays that detect p24 antigen, bound in immune complexes, include a
fluorescent solid phase, Clg-binding assay,'® and standard p24 capture
ELISA after acid treatment causes immune complex hydrolysis.’* These
assays have demonstrated higher levels of antigenemia throughout the
course of HIV-1 infection and, more acccurately, reflect in vivo viral repli-
cation.

Antigen assays are very specific, but the sensitivity in detecting HIV
infection is low (4%) in asymptomatic seropositive persons and higher
(70%) in AIDS patients.®® This lack of sensitivity in asymptomatic seroposi-
tive individuals prohibits the use of antigen assays for screening pur-
poses, #328898 Nevertheless, clinical situations in which direct antigen detec-
tion may be useful include®®*% (1) the detection of early HIV infection before
seroconversion, especially in high-risk persons; (2) the diagnosis of HIV
infection in infants; (3) the monitoring of antiviral drug therapy, mainly in
patients with AIDS or AIDS-related complex; (4) the differentiation of AIDS
from primary immunodeficiency syndromes in HIV-1 seronegative chil-
dren; and (5) the staging of persons with indeterminate confirmatory anti-
body results.

[n addition, antigen assay may provide prognostic information 859100
Seropositive, asymptomatic individuals who have positive results for serum
antigen have been found to be more likely to progress to AIDS over a shorter
latency period than individuals who are seropositive, asymptomatic, and
have a negative result for the antigen *6283133157.331

Flow cytometric analysis is another useful test especially in detecting
p24 antigen.®' This technique is based on indirect immunofluorescence,
which recognizes antigen bound in immune complexes on the cell surface.
The system also recognizes intracellular antigens through a primary fixation
step of PBMC with 90% methanol, which gives immunoglobulin probes
access to the interior of the cell. The antigen bound to HIV-specific antibody
is detected indirectly by staining with a fluorescein isothiocyanate-
conjugated anti-IgG.

With this method, as few as one infected cell in 10° can be identified.™’
There is excellent correlation to the clinical stage of disease, including the
evidence of efficacy of antiviral treatment with zidovudine V713131 These
studies also reported the amount of p24 antigen-positive lymphocytes to be
inversely related to absolute counts of CD4 cells and to the incubation
period of viral cocultures. Multiparametric flow cytometry allows a simulta-
neous phenotyping of the HIV-infected cells. With flow cytometry, virus-
coated cells can be distinguished from truly infected cells. In contrast to viral
cultures, results are accessible within a day and, therefore, are of increasing
interest for monitoring antiviral therapy. Also, the low bichazard risk, due
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to fixation, makes the technique a preferable method for laboratory
workers, %13

Human Immunodeficiency Virus Culture/Cocuiture

Before antigen confirmation, the patient’s specimen is cocultured with
cells permissive to HIV to promote its replication. CD4* lymphoid or pre-
monocytic cell lines or preferably PBMC, obtained from an HIV-uninfected
individual, which are stimulated with phytohemagglutinin, expanded with
interleukin-2, and pretreated with polybrene, are cocultured with the pa-
tient’s PBMC. In some laborateries, the patient's lymphocytes and mono-
cytes are tested separately, because longer periods until the occurrence of

C virus replication have been observed for monocytopathic strains (unpub-
ished observations). Supernatants are harvested weekly and tested for the
presence of p24 antigen or reverse transcriptase. Because of the high vari-
able sensitivity, increasing wmﬁm of disease,*? this test is only
conclusive in the case of a positive result. False-negative results may be due
to viral latency, the presence of proviral forms only, antiviral therap}f, or the
predominance of CD8* suppressor cells, which are known to inhibit virus
replication in vitro,'%%3% probably due to a secreted lymphokine.*”* The
coculture method is also applied for antigen detection in tissues or body
fluids. Culture isolation has been considered the reference method to detect”
HIV. The rate of positive HIV cultures in confirmed seropositive persons
varies from 10% to 95%.'" The culture method of Jackson et al,’ using
stimulated PBMC as HIV-permissive cells, has shown positive results in all

cases of HIV-1 antibody positive individuals.

Human immunodeficiency Virus DNA and RNA Detection

MNucleic acid probes have been used to identify both DNA and RNA
sequences of HIV. Common methods inciude the following: polymerase
chain reaction (PCR), in situ hybridization, and others,

Polymerase Chain Reaction. Although HIV antibody ELISA tests are
specific and sensitive, positive results indicate only exposure to the virus,
without confirming infection. P24 antigen ELISA, following coculturing
permissive cells, is capable of detecting replicating virus, whErea:. pmwﬁﬂ
forms cannot be identitied. | herelore, procedures s
nucleic acid, such as PCK and detection of oligonucleotides, have been
developed to identify regions of the viral genome,’™* detecting infection
(presence of viral DNA) before antibody production begins.?® Polymerase
chain reaction uses two primers to DNA that are complementary to the plus
and minus strands of target DNA. With laboratory techniques of denaturi-
zation, renaturization, and elongation of the primers with a DINA polymer-
ase, there is an exponential increase in the number of copies of the DNA
region ﬂanked by the primers. Polymerase chain reaction is more sensitive
than viral culture methods at detecti ing HIV genomes and can identify one
virus copy in 104 to 10° cells.'** Thirty cycles of PCE.can potentially resultin
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In vitro secretion of anti-HIV by mitogen-stimulated PBMC is determined
by ELISA. Disease-related immunodeficiency and virus suppression, as it
occurs during antiviral therapy, influence the sensitivity of this method,
reported to be in the range of 60% to 75%, depending on the stage of
disease. ELISPOT'# is based on the same principle, but the B-lymphocytes
are exposed in vitro to the HIV,

The detection of in vitro HIV-specific antibody-producing B-lympho-
cytes may be a promising method for the early diagnosis of perinatal infec-
tion, but more data from longitudinal studies are necessary to evaluate the
validity of this assay.

The presence of neutralizing antibodies and antibody-dependent cel-
lular cytotoxicity - mediating antibodies in sera of children born to HIV-ser-

[~ Opositive mothers has been reported.’®® These antibodies, most likely of
maternal origin, did not have any protective value for the offspring, but

. correlated with a better clinical stage of childhood HIV infection.

Due to their larger size, IgM and IgA do not undergo placental trans-
mission. The presence of a specific IgM peak, following an acute infection,
persists only for 30 days®” in neonates and, depending on the timing of
infection, might escape detection. The serologic persistence throughout dis-
ease and the missing cross-reactivity with maternal IgG make IgA a more
reliable diagnostic parameter of HIV infection than the determination of
IgM." Recently, a sensitivity of 95.4% and a specificity of 98.6% among a
pediatric population of HIV patients has been reported.’®” Further studies
about the significance of HIV-specific secretory IgA, isolated from saliva or

_. urine of children, are currently underway.

Because the presence of antibodies in pediatric patients only indicates
antigen exposure, laboratory tests detecting antigen, such as p24 ELISA
antigen or PCR, are crucial to prove HIV infection.'” -

— The longer incubation time of at least 3 to 4 weeks, the larger amounts
of blood, difficult to obtain from neonates, the inability to detect proviral
forms, and the lower sensitivity are disadvantages of the 11324 antigen cap-
ture ELISA in comparison with molecular methods, %511

In the diagnosis of pediatric HIV infection, 75% of newborns who later
developed AIDS were positive for proviral sequences by PCR.'"" The same
series of tests were 100% sensitive in the postnatal period.

Further attempts to increase the specificity and sensitivity by using
double PCR, in which nested primers are used in a two-step analysis, have
been reported and might lead to more reliable methods for the early detec-
tion of vertically transmitted HIV infection.?*

Preliminary data on the quantification of virus load on a single cell basis
by indirect fluorescence analysis in pediatric patients have been reported.’"”
This technique may provide a reliable parameter for the staging of disease
and the monitoring of antiviral therapy. The necessity of larger amounts of
blood for the purification of PBMC is certainly a disadvantage for testing
neonates and infants.

Other virus-unspecific immunologic parameters have been proved to

~_be very useful in the staging of disease and the proper therapeutic initia-
tives. Up to the present time, the absolute CD4 cell count is the most

——
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important laboratory parameter for the initiation of antiviral therapy. Fur-
thermore, increased thymosin,”! increased aminotransferases, %5 increased
f2-microglobulin, ¢ erythrocyte adenosine deaminase,' and neopterin!t®
have been reported. Beside the impact of immunologically dysfunctional B-
and T-lymphocytes, including the generation of cytokines, a particularinter-
est should be given to HIV-suppressing factors such as CD4+ suppressor
inducer and CD8" suppressor lymphocytes and to the function and expres-
sion of nef, which might contribute to a better un derstanding of the different
clinical outcome of HIV infection in children as compared with adults. 6103

Diagnosis of Vertical Human Immunodeficiency Virus
Infection

Up to now, the timing, route, and contributing factors of vertical trans-
mission of HIV from mother to child remain an unsolved mystery, Only
30% to 50% of offspring born to HIV-1 infected women are petinatally
infected 2%8897.1%0 Virys transmission in utero through placental passage,
intrapartum through contamination with maternal blood, or postnatally
through breast milk is possible.

Beside the difficulties of laboratory confirmation of HIV infection, the
harvesting of specimen itself is the major limitation of prenatal diagnostics,
Reportedly, fetal macrophages (Hofbauer cells) can be antigen-loaded as
early as 8 weeks of gestation.'?® Chorionic villi sampling can be performed
between the 7th and 12th gestational week, but, in addition to the risk of
fetal loss, the rate of maternal — fetal nemorrhage, with the chance of iatro-
genic fetal infection, is as high as 72%.%4 Amniocentesis can be performed
between 15 to 20 weeks of gestation, As reported previously, amniotic fluid
might contain HIV at that time of pregnancy, being a potential predictive
marker for maternal disease progression postpartum.212 Placentocentesis,
cordocentesis, and fetoscopy give access to fetal blood samples around the
18th week of gestation. Fetal contamination with maternal blood or amni-
otic fluid does occur in up to 76% of cases  Also, a potential contamination
of fetal blood samples with maternal cells, including those specimens ob-
tained intrapartum from the umbilical cord, cannot be completely excluded,
which makes their validity questionable, Furthermore, the timing of fetal
infection could take place after the specimen was harvested. It is important
torealize that the high risk of iatrogenic fetal HIV infection makes the desire
of a continued pregnancy an absolute contraindication for any invasive
procedure.

A significant correlation between hislopathologic findings of the pla-
centa and fetal HIV transmission could not be established 26 The presenta-
tion of a fetal malformation, having been described as fetal A VIl

ome,*as diagnosed by Tetoscopy and tiltrasound, could not be confirmed
to be HIV related 2 A multicenter European study did not find any correla-
tion between perinatal transmission and maternal advanced stages of dis-
ease.®® Also, having given birth to an HIV-infected child does not predict the

outcome of the succeeding pregnancy. ' Treztment of pregnant women







