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Table 3. Effect of Ozone on the Binding of HIV-1 Virions as Measured
in a Competition Assay

X Channel
Rhodamine- X No. Minus
Labeled Channel  Autofluorescence % of

Condition HIV-Y No.* ol HUT 78 Cells  Control*
HUT 78 cells No 81 0 0
HUT 78 cells Yos 155 74 100
HUT 78 cells prein-

cubated with un-

labeled HIV-1 not

treated with

ozone Yes 122 a1 34
HUT 78 cells prein-

cubated with un

labeled HIV-1

treated with

ozone Yes 143 62 67

*Channels are grouped from 1 to 256 and are on a log scale,
Calculation of percentage of control is performed by first converting X
channel number to an arithmetic value, subtracting autofluorescence of
HUT 78 cells, and dividing by the value obtained with HUT 78 cells plus
rhodamine-labeled HIV-1.

variety of lipid-enveloped viruses, including HIV-1, vesicu-
lar stomatitis virus, and Sindbis virus, with a concomitant
high recovery rate of protein biologic activity. Analogous
work in chimpanzees with TNBP-treated, exogenously
viral-spiked blood samples with hepatitis B and non-A,
non-B (Hutchinson strain) viruses has shown similar log
reductions. However, methods eclipsing a 6 log viral reduc-
tion with a similar protein recovery are still being explored.
In addition, methods that obviate the necessity for removal
of the inactivating agent (ic, Sephadex GG-25) and/or that
are compatible with cellular systems would ultimately be
preferable,

Ozone has previously been shown to possess potent
antiviral activity, especially when used against lipid-
enveloped viruses. For this reason we investigated the use
of ozone as a potential anti-HIV-1 agent. We used a hollow
fiber delivery system that maximizes the surface arca
available for ozone to interact with the fluid material of
interest, The system also allows for the precise regulation of
concentrations of ozone to be delivered into the hollow
fiber cartridge. Afferent as well as efferent concentrations
of ozone can also be monitored to determine if saturating
levels of ozone are achieved in the treated material. With
regard to laboratory safety concerns, this closed system has
proven to be safe and leak-proof. thereby reducing possible
exposure of laboratory personnel to ozone and human
retroviruses to an absolute minimum.

We first_examined the ability of ozone to inactivate
cell-free HIV-1 in cell-free CM. These results indicate that
ozone has potent anti-HIV-1 activity. Preliminary experi-
ments using an escalating dose regimen indicated that a
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shear created by pumping the virus through the system
inactivate the virus to any great extent. However, there was
a significant inactivation of the virus due to exposure of
virus-containing CM to the stream of carrier nitrogen.
Exposure of the virus to pure nitrogen for 6 hours results in
an almost 85% inactivation of virus.

During exposure to nitrogen for 6 hours, conditions are
completely anoxic and a maximal pH of 8.1 is achieved,
whereas with exposure to room air the oxygen concentra-
tion is 21% and the maximal pH is 7.58. It is possible that
anoxic conditions or pH changes seen with 6 hours of
nitrogen exposure contribute to HIV-1 inactivation. Be-

cause some HIV-1 inactivation was observed with N, alone,

It was necessary to determine the proportion of virus
inactivation attributable 1o ozone over the course of a
6-hour treatment. Comparison of the time-dependent inac-
tivation of virus seen with 1,200 ppm ozone with that seen
with pure nitrogen clearly indicates that ozone plays the
predominant role in achieving virus inactivation for periods
up to 6 hours. Ozone inactivation of HIV-1 occurs relatively
quickly compared with any inactivation observed with N,
alone. Inactivation of HIV-1 at 45 minutes is =2 log when
1,200 ppm ozone is used and only 25% when nitrogen alone
is administered.

Investigation of the degree of inactivation of HIV-1 in
CM or human plasma by 1,200 ppm ozone for 2 hours
indicates a minimum 11 log reduction in viral infectivity, as
determined by a 28-day culture assay. Therefore, the effects
of temperature, N,, and mechanical shear, which yield an
approximate 0.22 log reduction in HIV-1 infectivity, are
certainly cclipsed by the 11 log reduction in infectivity
achicved by ozone.

We examined the ability of ozone to render blood
products, such as factor VIII plasma preparations, free of
HIV-1 without seriously damaging their biologic activity.
The escalating dose study indicated that, at 1,200 ppm,
ozone can achieve a 90% inactivation of HIV-1 in human
plasma with only a corresponding 25% decrease in factor
VI biologic activity, Measurement of exhaust ozone levels
indicated that saturating levels of ozone in the factor VIII
preparations were not achie vcd in this experiment (ddld nol
shown) and, th

Mx‘Vlll prep.

“ozone for a pcrmd of 2 hour\ dLhICVLd sa(uratlon and
resulted in an 11 log inactivation of HIV-1 in the human
plasma preparation. Under the same conditions, factor
VIII biologic activity was diminished only 10%. Similarly,
=2 log HIV-1 inactivation in immunoaffinity-purified fac-
tor VI preparations occurred within 1 hour of exposure to
1,200 ppm of ozone with an approximately 10% loss of
factor VIII.

Comparison of the results of inactivation of HIV-1 by
high-dose ozone (1.200 ppm) in cell culture media, mono-

1,200 ppm dose of ozone achieved a = 2 log inactivation of
virus. The data show that neither incubation of the virus
preparation at room temperature and at atmospheric condi-

clate, and factor VIII plasma preparations indicated that a
longer exposure time was necessary to achieve total virus
mactivation in the plasma factor VIII preparation. The

tions for the duration of the experiment nor mechanical

reason for the apparent protection of HIV-1 from the
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