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ABSTRACT

The potential of Light Scattering Immunoassay (LIA) for detection

of HIV in human blood serum has been explored by monitoring the

agglutination of antigen coated polystyrene particles by dynamic

light scattering. Elisa tested human sera having HIV, TB, Filaria

along with normal sera have been analyzed using two specific syn-

thetic peptide antigen (SP1, SP2) and one nonspecific peptide antigen

(NSP). Few paired human sera and urine samples and nonspecific

(of nonHIV diseases) urine samples have also been tested using the

same antigens to check the possibility of replacement of sera by

urine.
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INTRODUCTION

Diagnostic assays for detecting HIV antibodies, which are quick and
easy to perform outside a laboratory, are gaining importance. Such tests
were developed in the late 1980s and gained popularity in early 1990, and
termed asRapid Assay. They have found wide usage in a number of testing
situations like emergency rooms, physician’s clinics, autopsy rooms, and
blood banks. The latex agglutination test is one of such tests in which the
formation of antigen–antibody agglutination complex is monitored
by different probes. The laser immunoassay (LIA) technique suggested
by Cohen and Benedek[1] probes the size of the agglutinated complex,
and is under development in our lab for detection of infectious diseases.
It was successfully performed on malaria samples[2–5] and found to be
more simple to perform compared to ELISA, though as regards sensitivity,
it was found superior. LIA is a physical technique in contrast to other
commonly used diagnostic procedures like Western Blot, ELISA,
radio-immunoassay, etc., that solely rely on chemical/or combinations
of physical and chemical methods.

The sensitivity of laser immunoassay (LIA) owes its origin to the fact
that the intensity of the light scattered, I from a particle of radius R, is
proportional to R6. Thus, a small change in the size of the agglutinate has
a profound effect on the value of I. The advent of intensity and
frequency-stabilized lasers, coupled with availability of highly sensitive
and rapid electro-optic signal analysis capabilities, has increased
the potential of this technique many fold. In this article, we report the
detection of HIV in human sera and urine samples and address the
specificity problem, and compare the results of LIA with that of ELISA
in an effort to explicitly bring out the promise offered by this technique.

EXPERIMENTAL

Polystyrene beads of average diameter of 90 nm (Sigma, USA) were
used as carrier particles. Two specific synthetic peptide antigens (SP1 and
SP2) for HIV and one nonspecific random peptide antigens (NSP) were
used for the assay. The selection of HIV specific antigens are based on a
previous ELISA study on a series of synthetic peptides, derived from
immunodominant epitopes of GP120 and GP41 of AIDS virus. The
antigens were coated on 1% (v/v) polystyrene beads in bicarbonate
buffer and incubated overnight at room temperature. Then it was
centrifuged (at 20,000 rpm) to remove uncoated antigen. Blood serum
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was mixed with coated polystyrene beads in 1:10 ratio and measurement
were taken after 2 h of mixing.

The light scattering apparatus consisted of a laboratory goniometer
with two arms. One of these arms housed the excitation source, which was
a solid state frequency doubled Nd:YAG laser radiating at a wavelength
of 532 nm. These experiments were carried out at a fixed scattering angle
of 90�. The other arm of the goniometer had the photo multiplier tube
mounted onto it enabling angle dependent detection of scattered light. All
experiments were done at room temperature (25� 2�C). Glass capillary
cells were used to minimize the sample volume (20 mL).

Scattered light from the sample solutions was detected by a photo-
multiplier tube, and the photocurrent was suitably amplified and digitized
before it was fed to a 1024 channel digital correlator (Brookhaven
Instruments Inc., USA, model BI—9000AT). The whole scattering
apparatus was placed on a vibration isolation table (Newport Corp.,
USA). In all the experiments, the difference between the measured and
calculated baseline was not allowed to go beyond �0.1%. The data that
showed excessive baseline difference was rejected. All the data exhibited
a single, but broad, particle size distribution. In LIA experiments, the
intensity auto-correlation function of the scattered light is measured, and
in literature this method is generally referred to as dynamic light
scattering (DLS) technique, which is briefly described below.

A LIA or DLS experiment measures the time correlation function
g2(t) of the scattered intensity I(t) at a given q defined by:

g2ðtÞ ¼
Iðt 0ÞIðt 0 þ tÞ
� �

Iðt 0Þ
� �2 ð1Þ

which is related to the scattered field auto correlation function, g1(t) by
the Siegert relation[6]:

g2ðtÞ ¼ Aþ B g1ðtÞ
�� ��2 ð2Þ

where A defines the baseline of the correlation function as:

g2ðtÞ
�� ��

t!1
¼ A ð3Þ

and B is the spatial coherence factor. The ratio (B/A) is the signal
modulation, and better data quality demands (B/A)� 50%.

For solutions containing particles undergoing Brownian motion
(i.e., polymer or colloidal solutions), the field autocorrelation function,
g1(t) is given as:

g1ðtÞ ¼
X

i

Ai expð��itÞ ð4Þ
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where �i is the relaxation frequency, which characterizes various relaxa-
tion modes that include relaxations due to the translational diffusion,
rotational diffusion, and bending modes, etc. The relative mode strength
(amplitude) of the i-th relaxation mode is Ai. For the present case, center
of mass diffusion is the dominant process and �i has been identified as
�i¼Di q

2, where the translational diffusion coefficient of the i-th particle
is Di and the scattering vector q¼ (4�n/�)sin(�/2), where n is the refractive
index of the solution, � is the scattering angle, and � is the wavelength
of light source in medium. The expression for g1(t) remains valid
for polydisperse samples and for situations where the relaxation
frequency distribution has several peaks. In the present situation, the
sample solutions were highly polydisperse. Fitting of double or multi-
exponential relaxations did not yield acceptable chi-square values. On the
other hand, CONTIN provided excellent data with acceptable statistical
accuracy. This analysis yielded the normalized variance of �, which gave
the effective polydispersity, P values. Again, P and D are related to the
particle concentration, Ni and molecular weight, Mi of the i-th scattering
particle as[6]:

D ¼

P
i

DiNiM
2
i

P
i

NiM
2
i

ð5Þ

Consequently, polydispersity P can be defined as:

P ¼
ðD�DÞ

2
� �

ðDÞ
2

ð6Þ

Further details of this discussion can be found elsewhere.[6]

In dilute solutions, the concentration dependence of the translational
average diffusion coefficient can be expressed adequately by a first order
expansion:

D ¼ Doð1þ kDCÞ ð7Þ

where Do is the z-average diffusion coefficient at infinite dilution, and kD
is the diffusion second virial coefficient. According to the Einstein
relation, the Do is inversely proportional to the translational frictional
coefficient, ft at infinite dilution by the relation:

Do ¼
kBT

ft
ð8Þ

where kB is the Boltzmann constant and T is absolute temperature. The
value of ft obtained via Eq. (8) can be used for a direct estimation of
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hydrodynamic radius, R, of the agglutinates, provided they have a
spherical shape using the relation ft¼ 6��R as per the Stokes law

D ¼
kBT

6��R
ð9Þ

where � is the solvent viscosity at temperature T. The measurement
involves basically two steps: (i) measurement of the size of the coated
latex and (ii) measurement of size of the agglutinates. These measure-
ments were carried out under various experimental conditions for sera
and urine samples.

RESULTS AND DISCUSSIONS

Initially, LIA was performed on a set of 90 human sera samples of
which 40 were from HIV patients, 20 from TB patients, 20 from Filaria
patients, and 10 were from healthy individuals. The LIA experiments
were performed at two sera dilutions, 1:5 and 1:100, to see the effect of
dilution. The results are presented in Table 1 and Figs. 1–2. Using a cut-
off value (mean of normal sera readings �1 standard deviation (SD)),
only 53% of LIA data tailed with ELISA data both for SP1 and SP2 at
1:5 sera dilutions, while 65% with SP1 and only 22% with SP2 tallied
with ELISA at 1:100 sera dilutions. These results were unsatisfactory in
comparison to data with malarial sera studied previously.[1–5] We then
looked at variance of the data using different cut-off standard values.
These are the mean of normal sera readings against specific antigen
(1136 nm for SP1 and 705 nm for SP2 at 1:5 dilution, 140 nm for SP1
and 132 nm for SP2 at 1:100 dilution), mean of normal sera readings
against nonspecific antigen (240 nm at 1:5 dilution and 98 nm at 1:100
dilution), and mean of HIV/TB/Filaria sera readings against nonspecific
antigen (906 nm for HIV, 462 nm for TB, 410 nm for Filaria at 1:5
dilution, and 98 nm for HIV, 100 nm for TB, 97 nm for Filaria at 1:100
dilution). The sero-positivity is also calculated by comparing each sera
readings with SP1, SP2, and NSP. A sample is treated as positive if its
value is greater than the value with nonspecific antigen (Table 1). The
maximum detectability (84.5%) of HIV sera were with cut-off based on
normal sera readings with nonspecific antigen.

Performance of an immunoassay is defined by its sensitivity (detec-
tion of true positive sera, i.e., HIV and specificity (detection of true
negative sera). The observed specificity of this immunoassay (detection
of TB and Filaria) is given in Table 1 with all the three cut-off values, and
it was found that best results were obtained with the first cut-off values.
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Our data shows that few normal sera at both dilutions were giving higher
agglutinate size values than expected, and few sera samples showed
visible precipitation within an hour, even with nonspecific antigen
where agglutination was not supposed to occur, and surprisingly, that
too with uncoated latex.

The higher values of normal sera and nonaids sera, even with
nonspecific (NSP) antigen, may be due to the presence of some sticky

Figure 1. 1:5 Serum dilution.
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proteins in the sera, which adhered to the antigen coated polystyrene
beads causing a nonspecific coagulation. There are at least three principal
types of interactions occurring in our system.

1. Antigen–antibody complex formation or agglutination—this is
the specific interaction, which should be the only interaction
present.

Figure 2. 1:100 Serum dilution.
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2. Van der Waals attractions between sticky proteins and the anti-
gen coated latex beads, which cause the nonspecific coagulation.

3. Coulombic repulsive interactions between the beads determined
by the surface charge on the beads coated with antigen and/or
adhering proteins, which prevented agglutination and gave low
readings for HIV samples resulting in false negative results.

The third factor is dependent on pH and ionic strengths, and we tried
to suppress this effect by adding salt and detergent, which marginally
improved the situation. It seemed the major problem was the nonspecific
agglutination, which if removed, will lower the cutoff value, and, thus, the
false negative results may fall on the positive side. Light scattering
technique is sensitive to sizes of the particles; the nonspecific complexes
made significant contributions and artificially gave high size values. Non-
specific agglutination of latex particles by sera from normal individuals is
not uncommon,[7] thus though latex agglutination test is sensitive, it
results in a fairly high number of false positive cases.[8]

Replacement of Sera by Urine Samples

Few studies were made on paired sera and urine samples to see
whether sera can be replaced by urine, keeping in mind the various
advantages of using urine. Namely, (a) it is free of disease virus, (b) it
can be obtained in large quantities, and (c) it can be stored at 4�C, while
sera requires 70�C for storage.

Results show (Fig. 3) that urine samples give the same results, both
for specific and nonspecific, i.e., the size of antigen–antibody (Ag–Ab)
complex was almost the same. Thus, urine can be used in place of sera
and, also, there is a clear distinction between specific and nonspecific
antigens. Size values are in the range 70–110 nm for nonspecific antigen
and in the range 120–230 nm for specific antigen. Urine samples of non-
HIV diseases (Filaria, TB, and pregnancy), as well as healthy controls
showed a high degree of sensitivity (Fig. 4A, B). Size values were in the
range 40–120 nm, both with specific and nonspecific antigens, showing
that in nonHIV samples there is no specific Ag–Ab complex formation.

CONCLUSION

Preliminary investigations have shown that specificity of the assay
is better than the sensitivity (Table 1) using the first cut-off value, and SP1
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Figure 4. NonHIV urine samples with specific and nonspecific antigen of HIV.

Figure 3. Comparison of the size of Ag–Ab complex formed by paired sera and

urine samples with specific and nonspecific antigens.
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is found to be more specific than SP2. Had the nonspecific agglutination
not been there, definitely our results would have been better. Steps are
underway to improve the sensitivity and specificity of LIA by breaking
the nonspecific agglutination, using an ultra-sonicator[9] we have
designed and developed for the purpose. The representative results
obtained from sera paired urine samples certainly show promise, which
calls for more in depth investigations (Table 2).
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