
1998 CONFERENCE ON THE LABORATORY SCIENCE OF HIV

47

ALTERNATIVE SPECIMEN SOURCES:
METHODS FOR CONFIRMING POSITIVES

J. Richard George, Ph.D.
Chief Scientific Officer, Epitope, Inc., Beaverton, OR

Wednesday, September 16, 1998

This discussion involves alternative specimens
that can be used for HIV antibody testing.
There are several types of samples in addition
to serum and plasma that have been found to be
suitable for HIV antibody testing. This discus-
sion will concentrate on  oral mucosal transu-
date (OMT) and urine.  I would like to
acknowledge Dr. Toby Gottfried from Calypte
for providing me with information and slides
on urine testing.  Thank you for your assis-
tance, Dr. Gottfried.

Dried blood spot testing gained some popular-
ity beginning in 1989 when CDC was conduct-
ing the Survey of Childbearing Women.  In
short, testing dried blood spots is basically
equivalent to testing serum. Therefore, I will
move directly to discussing the testing of oral
fluid and urine.  Most of the controversy that
has surrounded the use of alternative samples
involves the quantity of antibody present in
those samples.  By far, these samples including
both urine and oral fluid, contain less antibody
than one finds in serum and plasma.  Oral fluid
contains approximately 800 to 1,000 fold less
antibody than is found in serum and plasma.
The antibody concentrations found in urine are
even less than that found in oral fluid. However,
this is not a barrier to accurate test results.
There are now very sensitive assays available
that can detect, with great reliability, antibodies
present at these concentrations.

(Slide 1) This table is from a paper by John
Parry and Philip Mortimer. Looking first at
secretions from the parotid gland, which repre-
sents pure saliva, you see that this fluid contains
very little IgG.  But it is important to point out

that the OraSure sample does not collect just
saliva. The OraSure collector is designed to
optimize the collection of oral mucosal transu-
date (OMT).  OMT is a serum-derived fluid
that contains a high concentration of IgG.
OMT is secreted into the mouth by a variety of
routes.  Again the pure saliva secreted by the
parotid gland contains only 0.2 mg/L of IgG.
Common oral fluid expectorated into a cup con-
tains an average of 12.1 mg/L of IgG.  Examin-
ing commercially available collection devices,
it is seen that they yield variable amounts of
IgG.  The IgG concentration by OraSure was
higher than that collected by any of the devices.
Although, these IgG levels are much less than
one finds in serum, Mortimer and Parry point
out that only 0.5 mg/L of IgG is required to
have a very sensitive test for HIV.

The OraSure device is the only FDA approved
collection device for HIV testing.  It enhances
the collection of oral mucosal transudate and
collects a sample with higher concentrations of
antibodies than is found in a sample spontane-
ously expectorated into a test tube.  It is a very
simple device and collecting the sample is very
easy.  One simply places the cotton pad
between the cheek and the teeth,gently moves it
back and forth a couple of times until it is
moist, and then holds it in place for two min-
utes.  Following the two minute collection, the
top from the transport tube containing the blue
fluid is removed, snap off the stick, put the cap
back on, and ship it to the laboratory for test-
ing. 

One important advantage of OraSure is that the
sample is stabilized by the preservative fluid
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present in the transport vial.  The next slide
shows a comparison of the rate of degradation of
IgG in the OraSure sample versus a saliva sam-
ple expectorated into a tube (Slide 2).  The IgG
levels in the saliva sample were close to zero
after seven days. Even more significant is that in
one day you lose more than forty percent of the
IgG.  This loss is due to the proteolytic activity
of the proteases produced by bacteria present in
the oral fluid.  The OraSure preservative prevents
bacterial growth and the subsequent secretion of
proteases into the sample.  Our current data
show that the OraSure sample is stable at tem-
peratures between 40C and 370C for up to 21
days. 

Again, I want to emphasize that we are testing
antibodies derived from OMT present in oral
fluid. The antibodies that are present in oral fluid
come from blood by transudation. The testing
algorithm used to test this fluid is the same as
that used to test serum and plasma (Slide 3). You
screen OraSure samples using an enzyme-linked
immunosorbent assay (ELISA).  Samples that
are repeatedly reactive by ELISA are then tested
in the Western blot assay.  The reporting is the
same as that used to report results obtained by
testing serum or plasma.  In fact, the Western
blot interpretation criteria are the same as those
recommended by the ASTPHLD and the CDC-
for serum Western blots.

We have done a number of clinical trials at
Epitope in our various quests for FDA approval
of different oral fluid-based products. We have
tested more than ten thousand people in various
clinical trials.   In those trials, we have looked at
all of the usual populations.  As a result of those
trials, the FDA has approved the HIV 1 ELISA
manufactured by 

Organon Teknika Corporation, the OraSure HIV
1 Western blot, and the OraSure HIV I Oral
Specimen Collection Device. It is now possible
to complete the entire recommended testing
algorithm using FDA approved reagents.

Let  us examine the performance of the OraSure
Testing System (Slide 4), looking first at the test-
ing of HIV negative people. In the OraSure HIV
1 clinical trial, 2,897 low risk individuals, mostly
blood donors, were tested.  The ELISA was neg-
ative for 2,880 of these subjects. Seventeen were
repeatedly reactive and went on to be tested by
Western blot.  Of these seventeen, thirteen were
negative by Western blot and four were indeter-
minate. There were no false positives in the
study. OraSure correctly identified as negative
2,893 of the 2,897 confirmed negative people.
While there were false positives in the study I
described, oral fluid, like any other clinical sam-
ple, is not impervious to false positive results.
Any test presented as 100% sensitive and 100%
specific should be viewed with some skepticism.
It is unlikely that these numbers will be obtained
when the tests are put into the field and used to
test thousands of subjects. Clinical trial data pro-
vide a good guideline for expected performance,
but, field-testing is the most effective final test.

Technical errors are by far the leading source of
incorrect results. It is not that the people per-
forming the assays are not skilled and conscien-
tious, it is just that they are performing large
volumes of tests so there are many opportunities
to make mistakes. Much of the testing is manual
and technical errors can occur.  Most of you
know what types of errors fall into that category
so I will not list them.

In the OraSure Western blot clinical trial, we
tested 673 people who were seropositive (Slide
5). This group included people with AIDS, peo-
ple at high risk for HIV, and a number of other
sources of samples from positive people.  One
subject in this group tested negative by ELISA
but, was an AIDS patient. The serum Western
blot for this person had gp160 and gp24 bands
only.  The OraSure HIV 1 Western blot showed
only a gp160 band.  None of the remaining 672
specimens that were tested by the OraSure West-
ern blot were falsely negative, seven were inde-
terminate and 665 were positive.
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Being oral fluid, a common question is what
effect on the sample does recent eating, smok-
ing, or drinking have on the test results? Of
course, the FDA wanted this same information.
We have examined this question extensively.  We
looked at these questions and also the effect of
oral pathology.  Sometimes bits of food and
tobacco juice contaminate the sample.  However,
none of these contaminates has any effect on test
results.

As with any type of sample, it is possible that a
very small number of OraSure samples will be
falsely negative. Some of the reasons for false
negative ELISA results are well known and are
the same as other sample types.  Inthe case of
OraSure, it is possible the IgG levels in a partic-
ular collection are insufficient to give good
results. There are other reasons for ELISA false
negative results. One is the window period. Fol-
lowing exposure, most people do not become
seropositive for 21-28 days. In some cases, the
window period may be as long as three months.
Genetic diversity can also account for false nega-
tivity in certain assays. While genetic diversity
does not yet appear to be a significant problem in
the U.S., two cases of HIV O infections have
been identified.

Like all manufacturers, Epitope and Organon
Teknika are constantly trying to improve our
products. We have submission for the next gen-
eration of ELISAs that has languished at FDA
for the past 14 months. This ELISA demon-
strated improved specificity and sensitivity in
our clinical trial. Like every manufacturer, we
are trying to improve our product. Perhaps the
most significant improvement  was seen in spec-
ificity. This means that not as many repeatedly
reactive specimens from uninfected people will
need to go for expensive Western blot testing.  In
our improved ELISA clinical trial, we tested 700
people who were seropositive (Slide 6). All 700
were all positive in the investigational oral fluid
ELISA. We are hopeful the FDA will conclude
their review soon so that we can get this assay

into the field. As you know, everybody wants the
latest thing, but it is not an easy task for manu-
facturers to get these things into the field.  We
also looked at some seroconversion panels and
again found that the investigational ELISA was
more sensitive than the current product. These
data show that the investigational ELISA
became positive at the same time or before the
serum Western blot became positive. This test
shows goodsensitivity for picking up people who
are undergoing seroconversion.

We also tested 1,892 low risk individuals, mostly
blood donors. All 1,892 were negative by the
investigational ELISA for a 100% specificity.
(Slide 7)

(Slide 8) This figure shows some examples of
the current serum and oral fluid Western blot
tests. The pairs of blots represent serum and oral
fluid that were collected from the same people at
the same time.  I want to point out that in some
cases the oral fluid Western blot looked stronger
than the serum Western blot. In some cases the
serum Western blot looked a bit stronger. In
other specimens the number and intensity of
bands are comparable.  The interpretations of
both blots were identical. Like the urine Western
blot, that I will talk about in a moment, the rate
of indeterminate Western blots is less for oral
fluid than for serum. 

(Slide 9) This shows data from a field trial of
oral fluid testing that was done by Tim Granade,
Bharat Parekh,  and Susan Phillips of the CDC .
This was a large study of 4,444 specimens that
was performed in Trinidad and the Bahamas
(Slide 10).  The study evaluated several ELISA
and Western blots performed on OraSure sam-
ples and compared those results to matched
serum specimens (Slide 11) and again the results
were quite good!  The ELISAs evaluated were
GACELISA from Murex and two ELISAs from
Organon Technika.  The second assay, desig-
nated OTC-Mod, was a serum assay that had not
yet been modified for use with oral fluid. For that
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assay the results were not as good as they might
have been had the assay been modified to test
oral fluid samples. The sensivity andspecificity
of the various assay were as follows:
GACELISA 100%, 99.8%; OTC-OF 99.2%,
99.2%; OTC-Mod 99.8%, 100%.  

(Slide 12) This slide presents the Western blot
results. The prevalence of most individual bands
observed on the oral fluid blots were very similar
with that observed on the serum Western blots.
Although, the frequency of p17, p24, and p55
were less than observed with serum blots, this
did not appear to have a detrimental effect on the
final blot interpretation. 

Now let us examine urine for HIV antibody test-
ing.  Like Epitope, Calypte has performed two
clinical trials.  The first clinical trial was per-
formed to evaluate the performance of their
ELISA.  The second, for the evaluation of the
urine Western blot.  The first trial tested approxi-
mately 10,000 matched urine and serum speci-
mens, including 1,111 positive specimens.  The
positive group included AIDS patients, symp-
tomatic HIV postive subjects, asymptomatic
HIV positive subjects, and unclassified HIV pos-
itive subjects. The sensitivity for the ELISA was
determined to be 99% for AIDS subjects and
98.7% overall. There were 14 false negative
specimens (Slide 13).  Based on a study popula-
tion of 7,082 paired urine and serum specimens
from low risk subjects, the specificity was deter-
mined to be 99.14%.

In the second clinical trial, 515 low risk subjects
were tested by both the urine ELISA and the
urine Western blot.  The urine test results were
compared to Western blot performed on paired
serum samples. A full 514/515 subjects tested
negative as expected by the ELISA.  It is also
interesting that in this population of low risk
subjects Western blotswere performed regardless
of  ELISA results, and there were no indetermi-
nate results.  The next slide represents data
obtained when testing high risk populations

whose HIV status is unknown (Slide 14).  In this
population, 391 people were tested by serum
Western blot with 17 positives, 230 negatives
and 123 were indeterminate results. From these
results, 17 people appeared to be HIV 1 antibody
positive.  The matching urine specimens were
tested  using the investigational urine HIV 1
Western blot: 20 urine specimens were positive,
369 were negative, and 2 were indeterminate.
These data suggest that 3 of the urine blots may
be false positives.  Again, the small number of
urine indeterminates as compared to serum dem-
onstrated the reduction of these types of reac-
tions when using urine specimens for testing.
Calypte has stated that the urine samples
described as false positive may in fact represent
HIV infected people whose urine specimens test
positive but who are seronegative. The term
“compartmentalized immune response” has been
coined to describe this phenomenon.  You may
or may not accept that explanation, but three
subjects had positive urine specimens that were
discordant with their serum results. Slide 15 rep-
resents data obtained by screening 748 known
HIV 1 seropositive subjects. This group included
AIDS patients, symptomatic HIV seropositives,
asymptomatic HIV seropositives, and unclassi-
fied HIV seropositives. One AIDS subject was
negative by  ELISA and would not have been
advanced to Western blot.  When all 215 were
tested by urine Western blot, 2 AIDS patients
tested negative and represented false negatives.

Slide 16 lists data obtained when testing 281
subjects with non-HIV disease but with poten-
tially interfering substances.  Subjects included
people with autoimmune diseases, kidney dis-
ease,  liver disease, STDs, urinary conditions,
neoplasms, and pregnant women. These urine
specimens tested by ELISA were problematic.
Assuming all of these people were uninfected,
several categories were very reactive by urine
EIA.  It was demonstrated that 32/50 people with
kidney/liver conditions, 22/47 with urinary con-
ditions, 25/63 pregnant women, and 17/35 with
neoplasms were repeatedly reactive by the urine
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ELISA. Overall, in this group 113/281 (40.2%)
were repeatedly reactive by ELISA and would
advance to Western blot. Two subjects were
urine Western blot false positive (specificity
99.3%) and 11/281 (3.9%) were urine Western
blot indeterminate. The remaining 268 were
urine Western blot negative.

(Slide 17) The next slide compares the urine
Western blot to serum Western blot performed
on the same samples. The gp160 of the urine low
positive control serves as the reading standard.
For a line to be scored as present, the intensity
must be equal to or greater than the intensity of
the gp160 band of the low  positive control.  If
bands were present but of lesser intensity than
the gp160 of the low positive control, the bands
would be scored as +/-.  If the gp160 band is not
visible on the low positive control, the test is
invalid. The identity of the bands present on the
urine high positive control are essentially identi-
cal to that present  in serum.  The positive con-
trol for the Cambridge serum Western blot is
rather difficult to interpret.  The entire strip is

dark and it is very difficult to distinguish one
band from another. While I have seen strips that
look like that I do not believe it is typical. The
comparison of matched urine and serum blots
collected at the same time from the same sub-
jects show that banding patterns can bequite dif-
ferent.  However, the bands present on the urine
blot are clear, distinctive, and easy to read.  One
of the specimens has only a gp160 band and its
intensity  is greater than that on the low positive
control.

The interpretative criteria for the urine Western
blot test are shown on Slide 18.  Again, the
gp160 on the low positive controlis the intensity
marker.  In the absence of any bands, the urine
specimen would be scored as negative.  If any
bands are present that do not meet the positive
criterion, the strip is interpreted as indetermi-
nate.  The most notable change from the CDC/
ASTPHLD serum interpretive criteria is that the
presence of gp160 only can be scored as posi-
tive.
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Slide 13

Slide 14
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