UVC IRRADIATION OF PLT CONCENTRATES

TABLE 2. Factorial design for three variables {plasma, light intensity,
and PLTs)*

Run Plasma [%]

Light intensity (mW/cm?)

PLTs {cellsfml) x 10°

1 10 0.25 0
2 30 0.25 0
3 10 .0 0
4 30 1.0 0
8 10 028 1.0x 10%¥mL
6 30 0.25 1.0x 10%mL
7 10 1.0 1.0 10¥mlL
8 30 1.0 1.0 x 10%mlL
g 10 0.25 0
10 30 0.25 0
11 10 10 0
12 30 1.0 0
13 10 0.25 1.0 x 10¥mt
14 30 0.25 1.0% 10%mL
15 10 1.0 1.0 x 10%/mL
16 30 1.0 1.0 16%mL

as RF (log) calculated with the most probable number method.'®

* Factorial design to determine the influence of three variables (percentage of plasma,
light intensity, and absence or presence of PLTs) on the efficacy of UVC irradiation for
the inactivation of BVDV in PCs. The percentage of plasma was tested at 10 and
30 percent, the light intensity at 0.25 and 1.0 mW per cm?, and the PLT concentration
at 0 and 1.0 {cells/mL) x 10°. The irradiation dose was fixed at 500 J per m?, the depth
was fixed at 1 mm, and orbital mixing was 50 r.p.m. The results for BVDV are shown

DISCUSSION
The risk of transmission of pathogens
HE gc1>g) via cellular products, especiaily for PCs,
203 is still a concern. Here we describe
4.63 the potentiat of a UVC irradiation
l-gg technique for pathogen inactivation
547 in PCs. :
2.85 Because of the high absorbance of
1.66 UVC light by human plasma, we chose
4.63 X
288 to study only PCs suspended in syn-
432 thetic medium with 10 or 30 percent
;-gg residual plasma. From the extinction
251 coefficient per percentage of plasma
2.95 {experimentally determined by us in a
1.50 1-cm cuvet as being close to 0.3), it can
be calculated that, with a 1-mm light
path as used in most of our experi-
ments, 50 and 10 percent of the UVC
light will reach the bottom of the
suspension with, respectively, 10 or
30 percent plasma present. To avoid

virus kill was somewhat lower, resulting in approximately
3 to 4 log at 500 ] per m?, but eventually more than 5 log at
1000 ] per m? (medium-resistant viruses; Fig. 3B). For HIV
and SV40, the virus kill was limited to approximately 1 log
at 500 J per m? and approximately 2 log with doses up to
1000 ] per m? (resistant viruses; Fig. 3C). Because celi-
associated {CA) virus (intracellular and/or bound to the
celiular membrane) may be more resistant to UVC
damage, we also tested CA virus with HiV as a resistant
virus and with VSV as a sensitive virus. In both cases,
however, the CA-virus results mimicked those obtained
with the corresponding celi-free viruses, that is, CA HIV
was UVC-resistant and CA VSV was UVC-sensitive
{Fig. 3D).

To further explore the resistance of HIV to UVC irra-
diation, we tested the effect of irradiation doses up to
4000 J per m2, Although the virus kill slowly improved with
increasing doses, infectious virus was still present even
after irradiation at 4000] per m? (RF =3.5 log; data not
shown).

Finally, we investigated the effect of UVC irradiation
on the survival of bacteria. Experiments were performed
with the same settings as for the virus studies. Irradiation
at 250 ] per m? resulted in greater than 4 log reduction for
S. epidermidis, S. aureus, and E. coli and greater than 5 log
at 500 } per ®. In the case of B. cereus, the kill at 500 ] per
m? was limited to approximately 3 log (Fig. 4). An increase
to 1000 J per m? resulted in-a reduction of 3.7 log (data
not shown), When after UVC irradiation, however, the
B. cereus samples were incubated for 10 minutes at 80°C,
all samples were below the detection limit (<0.5 log).
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“dead” volwmes not exposed to UVC, we

chose the relative short light path of
1 mm, realizing that special containers of UV-permeable
plastic of similar thickness would be required when the
technique shouid be further developed into a blood bank
procedure.

In our experimental setup, we then investigated
whether varying a number of variables like percentage of
plasma, irradiation dose, and light intensity would result
in conditions with good pathogen inactivation in combi-
nation with good PLT guality. An acceptable compromise
was found for 10 percent plasma in Composol, in com-

. bination with a depth of 1 mm, a light intensity of

0.25 mW per cm?, and a total dose of 500 J per m®. These

conditions resulted in good (3-4 log) inactivation for the

majority of pathogens tested with only limited effects on
in vitro PLT quality. Evidendy, this set of conditions can
only be taken as a rough indication, because in this
explorative study neither the irradiation nor the storage
resembled blood bank conditions and the set of PLT
quality variables was limited. The only quality variable
for PCs mentioned in guidelines is the pH, which should
be between 6.4 and 7.4 {at 22°C} according to Eurepean
blood bank regulations® Although this condition was
met under all conditions tested, the results of the other
in vitro quality variables indicated that in 10 percent
plasma with doses higher than 500 ] per m? PLT quality
was seriously affected. An increase of 10 to 30 percent in
CD62P-positive PLTs has been reported for standard PC

. at the end of their shelf life (5-7 days),**%2% whereas with

CD&2F values higher than 50 percent the in vivo survival
seems affected.® PS exposure during storage of standard
PC usually remains below 20 percent at the end of the
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Fig. 3. Inactivation of different viruses by UVC irradiation. Virus inactivation by UVC irradiation was tested in Composol containing
10 percent plasma; RE values (log) ave shown. Experimental conditions were as described in the legend to Fig. 1. (A) Sensitive
viruses (ll = CPV; A = TGEV: @ =VSV); (B) medium-resistant viruses (ll = BVDV; A = PRV); (C} resistant viruses (Ml == HIV; A = $V40);
(D) CA viruses (ll = CA HIV; A = CAVSV), Open symbols indicate maximal reduction. Resulis shown are representative for at least

twp experiments.

shelf life,* but so far there are no data about correla-
tion of PS exposure and in vivo survival,

In a factorial design, it was shown that the percent-
age of residual plasma was the major variable affecting
the outcome of the UVC irradiations. As expected, the
percentage of plasma resulted in opposite effects on
pathogen inactivation and PLT quality. To a lesser extent,
this opposite effect was also found for the light intensity,
whereas the presence or absence of PLTs had a relatively
minor, although significant, effect on pathogen inactiva-
tion. The presence of PLTs, resulting in a decrease of
approximately 1 log of pathogen inactivation, should be
taken into account in interpreting much of our inactiva-
tion data. Furthermore, the necessity to lower the
residual plasma concentration to guarantee sufficient
pathogen inactivation will require adjustment of cuutent
procedures to produce suitable PCs, but it has been
shown in earlier studies®? that this may be achievable.
Because UVC irradiation results in extra glucose con-
sumption, additional measures should be taken to
ensure provision of glucose.
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It was anticipated that in case of bacteria, high inac-
tivation values would be observed® and this was indeed
the case for all bacteria tested, with the exception of
B. cereus. The reason for the decreased sensitivity of
B. cereus is not quite clear, but cne might speculate that
formation of spores plays a role. It has been shown that
Bacillus spores are 10 to 20 times more resistant to UVC
irradiation;* thus formation of spores can cause a subop-
timal kill of Bacillus. Because freshly prepared bacteria
cultures were used containing relatively low amounts of
spores (as determined by specific staining of spores, data
not shown), however, a higher resistance toward UVC irra-
diation of B. cereus itself compared to other bacteria
is also a possible explanation.®* Moreover, the UVC-
surviving bacteria were killed upon incubation at 80°C for
10 minutes, a treatment that spores will survive, also indi-
cating that B. cereus itself has a higher resistance toward
UvC.

We found a broad spectrum of viral sensitivity to UVC
irradiation. For CPV, TGEV, and VSV we found very high
inactivation, whereas the inactivation for BVDV and PRV
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Fig. 4. Inactivation of different bacteria by UVC irradiation.
() S. epidermidis; (W) S, aureus; (A) E. cali; and (®) B. cerens.
Bacteria inactivation by UVC irradiation was tested in Compo-
sol containing 10 percent plasma; RF values (fog) are shown.
Experimental conditions were as described in the legend

to Fig. 1. Open symbols indicate maximat reduction, Results
shown are representative of two experiments.

was less and slower. In the case of HIV and SV40, the inac-
tivation was very limited and only 1 to 2 log was observed.
Increasing doses of UVC irradiation also induced
increased damage to HIV. Even a dose of 4000 ] per m?,
however, did not result in complete inactivation. Interest-
ingly, the efficacy of UVC was not different for cell-free and
CAvirus because CA HIV and CA VSV showed susceptibili-
ties very similar to the corresponding cell-free virus. This
indicates that the presence of infected cells is not an
impediment for virus inactivation with UVC irradiation,
provided that the virus in question is sensitive to UVC
irradiation.

Based on our results we would rank the viruses in the
following order with respect to UVC sensitivity: TGEV >
VSV > CPV > PRV > BVDV > HIV:> 5V40. This ranking is
exactly in line with previous observations and theoretical
considerations postufating that UVC is especially effective
on viruses with large genomes (i.e., PRV)* and on viruses
with single-stranded nucleic acid genomes {i.e, TGEV,
VSV, and CPV).®! Furthermore, it has been described that
RNA is less severely damaged than DNA, because pyrimi-
dine dimers and more specifically thymine are the most
frequent lesions caused by UVC irradiation.” Qur results
are also in line with Caillet-Fauquet and coworkers® who
determined a sensitivity of MVM > EMC > BHV and Li and
colleagues® who showed a sensitivity of CPV> BVDV >
HAV> PRV. Wang and coworkers,® however, reported
SV40 to be highly sensitive, more or less comparable to
parvovirus. In contrast, we found that SV40 is very resis-
tant, similar to the resistance found for HIV, as was also
predicted by Lytle and Sagripanti® The reason for this
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discrepancy remains unclear, especially because the
possible explanation of celi line-dependent repair can
be ruled out, because both studies propagated the virns in
the cell line BSC.

Considering the ranking of virus inactivation as
observed in this study.and as predicted by Lytle and
Sagripanti,* it can be concluded that single-stranded
DNA or RNA viruses are effectively inactivated by UVC
irradiation. This confirms that UVC is distinct from
several other techniques with respect to its capacity to
inactivate the NLE viruses like parvovirus B19 and HAV,
This effective elimination of NLE viruses, combined
with B19 contamination in several blood and plasma
products, renders this technique interesting for further
consideration.

SV40 has been regarded to be a very resistant virus
and was often used in the past as a general model for NLE

viruses with a DNA genome (like parvovirus Bi9). At §

present, however, specific model viruses for parvovirus
B19 are applied and/or parvovirus B19 itself. Given the
fact that CPV s very effectively inactivated by UVC irradia-
tion, the relevance of SV40 as model virus for parvovirus
B19 can be guestioned, We do recommend, however, con-
tinuing studies with SV40 as a general model virus as this
virus may be representative for new currently unknown
threats to the blood supply. Indeed, the inability of
UVC irradiation to inactivate viruses with small double-
stranded genomes Jike SV40 illustrates possible limita-
tions of this treatment. ‘

BVDYV and PRV are effectively inactivated, although
the kinetics are slower compared to the sensitive group of
viruses. Therefore, it is expected that UVC is capable of
inactivating problematic blood-borne viruses like HBV
and HCV. The inability of UVC irradiation to sufficiently
inactivate HIV, a very relevant virus, however, is a major
disadvantage. There seem to be several reasons for the

resistance of HIV to UVC irradiation. HIV is a retrovirus

with a small RNA genome. It has a single-swranded
genome, but each virion encapsulates two copies of the
viral RNA that are tightly linked and might serve as each

‘other’s back-up in case of UVC-induced damage. Indeed,

strand transfers during reverse transcription are an inte-
gral part of the HIV life cycle.®

The observation that UVC does not effectively inacti-
vate HIV may be partially compensated by careful and
efficient donor screening for HIV. Both specific antibody
and NAT are routinely performed and the risk of HIV
transmission via celitlar products is estimated to be less
than 1 in 1 million.*% One should again keep in mind,
however, that new viruses may emerge with similar char-
acteristics as HIV that would not be affected by this treat-
ment in its current state, Given the broad inactivation ‘of
bacteria and viruses, we believe, however, that UVC ira-
diation for PCs is a promising technology that warrants
further investigation.
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