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Abstract:

Background and Objectives: This study was conducted to assess the efficacy of Mirasol pathogen reduction system for
platelets aimed at preventing bacterial regrowth by spiking buffy coat pooled platelets (BCPP) with clinically relevant
load of Staphylococous epidermidis. Materials and Methods: BCPP units were prepared using Teruflex BP-kit with Imugard
111-S-PL (Terumo BCT, Tokyo, Japan). Two BCPP units were pooled, of which 40 ml of negative control (NC) was removed.
The remaining volume of the platelet unit was inoculated with clinically relevant load of bacteria (total of 30 CFU of
S. epidermidis in 1 ml); following this the platelet unit was split into two parts. One part served as positive control (PC) and
the other part was subjected to pathogen reduction technique (Mirasol PRT, CaridianBCT Biotechnologies, Lakewood, CO,
USA). Bacterial detection was performed using BacT/ALERT system, controls after day 1 and day 7 following inoculation of
bacteria and on day 7 for Mirasol-treated unit. Results: Of the 32 treatment cycles, 28 were valid and 4 were invalid. No
regrowth was observed in 96.4% (27 of 28) after treatment with Mirasol pathogen reduction system. Of four invalid tests,
on two instances the NC showed growth, whereas in other 2 no regrowth was detected in 7" day PC. Bacterial screening
of PCs by BacT/ALERT after 24 h of incubation was 28.6%, whereas the effectiveness increased to 100% when incubated for
7 days. Conclusions: Mirasol system was effective in inactivating S. epidermidis when it was deliberately inoculated into
BCPP at clinically relevant concentrations. Such systems may significantly improve blood safety by inactivating traditional
and emerging transfusion-transmitted pathogens.
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The risk of bacterial contamination of platelets has
been estimated to be 50-250 times higher than the
combined risk of HIV, HBV, HCV, and HTLV-1/2.1")
Gram-positive skin commensals, viz., Staphylococcus
epidermidis and Bacillus cereus are commonly
cultured back from donated blood and implicated in
bacterial contamination of platelets.”®! In the recent

Introduction

Platelets, derived either by apheresis or from
whole blood, are stored at room temperature
(20-24°C) to preserve their viability and functional
status. Platelets suspended in human plasma, stored
at room temperature, behave as an excellent media
for bacterial growth. Although the quantity of
bacteria present at the point of contamination is
typically <100 CFU/product, this relatively small
bacterial inoculum can grow to very high number
within a short span of time."? Therefore, older
units are more likely to be contaminated with a
large number of organisms and can lead to septic
transfusion reactions in the recipients.**! The
most common cause of bacterial contamination
of platelets is the bacterial inoculation into the
blood bags via skin plug at the time of phlebotomy.
Other less common sources are asymptomatic donor
bacteremia and contamination during component
processing.>¢!
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past improved disinfection of the venipuncture site, use of blood
diversion pouches to collect 25-40 ml of the initial blood collected,
along with the routine use of bacterial detection (BacT/ALERT), has
decreased but not eliminated the risk of bacterial contamination.
However, these interventions do not address the asymptomatic
bacteremia present in the donors. The automated bacterial
detection systems may miss the detection of such exceedingly low
levels of bacteria in such donors. The presence of slow growing
skin organisms such as S. epidermidis can be of particular concern
as they may not grow to a high enough concentration at the time
of bottle inoculation (approximately 24 h following collection)
to be reliably detected using bacterial screening, which poses the
potential risk of issuing false negative units for transfusion.°'%

Newer pathogen reduction technologies (PRTs) can reduce
the levels of both bacterial and viral pathogens successfully,
maintaining the adequate recovery and function of platelets.!"*
Use of riboflavin and ultraviolet (UV)-light treatment of platelets
and plasma (Mirasol PRT, Terumo BCT, Lakewood, CO, USA) was
approved for commercial use in Europe at the end of 2007.0" The
Mirasol system is based on the ability of riboflavin (Vitamin B2)
to function as a photosensitizer and selectively damage the nucleic
acids of microbes upon exposure to UV light. Riboflavin is a natural
component found in food (milk, beer, eggs, yeasts, leafy vegetables),
and is classified as a “Generally-Recognized-As-Safe” compound by
the US-Food and Drug Administration.!"™ Extensive toxicological
assays have shown that riboflavin and its metabolites are present in
blood and are safe for use in transfusion; thus, removal of riboflavin
is not required after treatment.'®

This pilot study was undertaken for in vitro assessment
of the ability and efficacy of Mirasol to inactivate clinically
relevant concentrations of S. epidermidis in buffy coat pooled
platelets (BCPP) suspended in “AB” group plasma and to compare
it to the effectiveness of the standard BacT/ALERT microbial
detection system.

Materials and Methods

A prospective single-blinded randomized pilot project was
planned and conducted for the evaluation of bacterial inactivation
using riboflavin and UV treatment was performed with ABO and
RHD type matched BCPP units by All India Institute of Medical
Sciences, New Delhi, in collaboration with National Institute of
Biologicals, Noida, from June 2014 to July 2014 after clearance
from the Institutional Ethics Committee [Figure 1].

Aseptic precautions

During the entire study period, all sampling and inoculation
procedures were performed using strict aseptic conditions under
a biological safety cabinet (Type II A2, Thermo Scientific) and a
sterile connecting device (TSCD, Terumo BCT, Lakewood, CO,
USA) was used for all docking procedures.

Platelet preparation

BCPPs were prepared from 4 ABO and RHD type matched whole
blood-derived buffy coat bags (collected in 450 ml quadruple top
and bottom blood bags [Terumo Penpol, India]) using a dedicated
set for component pooling and production (Terumo-Teruflex
BP-kit with Imugard III-S-PL, Terumo BCT, Tokyo, Japan).
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Bacteria propagation and storage conditions

S. epidermidis, ATCC #12228, (American Type Culture
Collection, Manassas, VA, USA) was grown for 1-2 days in
tryptic soya broth (OXOID, England) after which cultures
were centrifuged, concentrated, and then suspended in
peptone water (OXOID, England). Bacterial stock culture
concentrations were determined through the use of a 10-fold
end point dilution scheme plated out on tryptic soya agar (TSA)
plates (Hi-Media, Mumbai, India; and Remel Inc., Lenexa,
KS, USA). S. epidermidis cultures were thereafter stored
at 4°C for up to 2 weeks until they were ready to be used.
Before inoculation, the S. epidermidis stock culture was used
to prepare a working culture of bacteria at 30 CFU/ml. Both
the S. epidermidis stock cultures and working cultures were
titrated on TSA plates so as to verify that the proper inoculum
concentration was obtained.

General study design

Groups of two 48-h old BCPP units were combined using
a sterile docking device. After pooling, 40 mL sample was
transferred to a transfer bag and labeled as a negative
control (NC). After 7 days of postincubation under standard
platelet storage conditions, a 4 mL sample (NC) was taken
and aseptically inoculated in an aerobic BacT/ALERT bottle.
Inoculated bottles were then monitored for bacterial growth over
a period of 7 days postsampling. Any NC units that were positive
for bacterial growth resulted in all paired bacterial screening and
riboflavin and UV light treated units to be removed from the
final data analysis due to the initial product being contaminated
with an unknown organism.

The remaining pooled product was inoculated with 1 ml
of S. epidermidis at concentration of 30 CFU/ml. Following
inoculation, the pooled platelet product was gravimetrically split
into two equal-sized units. One of these paired units was tested
after treatment with riboflavin and UV light, and the other half
served as the positive control (PC). A total of 32 treatment cycles
were performed during the study period.

B )
2 buffy coat units (platelets in plasma)

Pool 2 units

Remove 40 mL sample, transfer
to Terumo 100 mL bag,
Inoculate with 1 mL of 30 Negative control

CFU S. Epidermitis

Split into 2 equal units,
each with 15 CFU/unit

L]

Control Mirasol

Arm Armm
fa) e\ - m e
. | | —|—> —y
BACT/Alert: 24 hrs: PC1 5 Mirasol BACT/Alert:
BACT/Alert: 7 days: PC2 Treatment 7 days
Add35 mL (2 Hrs after
Riboflavin Inoculation)

Figure 1: Schematic design for the Mirasol treatment
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Positive control

The platelet units marked as PC were incubated for 24 h at 22°C
on a platelet agitator and incubator (Terumo Penpol, India). After
24 h of incubation, a 4 mL sample was withdrawn aseptically and
inoculated into an aerobic BacT/ALERT bottle (PC)). After this
sampling, the remaining platelet product was further incubated
at 22°C for an additional 6 days. Thereafter on day 7, 4 ml of
sample was removed and inoculated into an aerobic BacT/ALERT
bottle to serve as the positive growth control (PC,). Both PC, and
PC, were monitored for bacterial growth over a period of 7 days
postsampling. Any negatives observed during this period also
eliminated the paired bacterial screening and Mirasol-treated
results from the final data analysis due to the failure of the organism
to proliferate in the paired PC.

Riboflavin and ultraviolet-treated units

Each unit to be treated was incubated for a minimum of 2 h
postinoculation and then treated according to the riboflavin and
UV light method for platelets as has been previously described.!"”
Following treatment, the unit was placed at 22°C under standard
platelet storage conditions for 7 days. At the end of the 7-day
period, a 4 mL sample was removed and inoculated in aerobic
BacT/ALERT bottle and monitored for 7 days. Any positive culture
observed during this period was considered a positive event.

Results

The BCPP unit prepared had a mean volume of 241.8 + 29.8 ml,
mean platelet yield of 2.27 + 0.37 (x10"), mean pH of 7.0 + 0.11,
and a mean platelet concentration of 9.44 + 1.57 (x10°) per liter.

An overall summary of bacteria testing results is provided in
Table 1. Of the 32 treatment cycles, 28 were valid and 4 were
invalid. Of the four invalid tests, in 2 treatment cycles the
NC BacT/ALERT bottle showed growth, whereas in the other
2 invalid tests no growth was detected in the PC samples at
7 days (PC,), and were thus excluded from the study. Mirasol
treatment of the platelet units (T) demonstrated a 96.7% success
rate at preventing bacterial growth in contaminated platelet
units (1 out of 28 pooled platelet units showed growth). Bacterial
screening of PCs by BacT/ALERT after 24 h incubation was 28.6%,
whereas the effectiveness increased to 100% when incubated
for 7 days.

Discussion

Bacterial contamination of blood components is the second most
common cause of transfusion-associated mortality (posttransfusion
errors)."¥ The British Haemovigilance system Serious Hazards of
Transfusions reports of 2011 states that since 1996, 40 bacterial
transfusion transmitted infection incidents have been confirmed,
involving a total of 43 recipients. Of the 40 reported incidents,
33 were related to the transfusion of platelets, whereas only 7
incidents were related to transfusion of red cells."” Similarly in
the United States, the Bacon study also showed that infection
risk from platelet transfusion is higher compared with that from
red blood cells, and overall the risk of infection from bacterial
contamination now may exceed that from viral agents.*”) Almost
all the published studies show that the most common organisms
isolated from contaminated platelet units are Gram-positive
bacteria from the donor’s skin.?’**) Hemovigilance data from
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German blood establishments indicates that the most frequently
identified pathogenic agents are S. epidermidis followed by
S. aureus.*

This study evaluated the in vitro effectiveness of the Mirasol
system for bacterial inactivation when whole blood-derived BCPP
units were challenged with concentration of S. epidermidis (15
CFU/product) to mimic conditions seen in a routine clinical setting.
The system showed no growth in 96.7% of challenged sample even
after 7 days incubation in a platelet agitator at 22°C. In a similar
study, Jocic et al. reported that complete inactivation of all bacterial
species with CFU concentrations of 100 and 1000 per platelet
product throughout storage or investigation period.” Goodrich
et al. spiked 20-100 CFU per platelet product and demonstrated
that riboflavin and UV light treatment was 91% effective against
broad spectrum of bacteria. They reported that the Mirasol system
may provide up to 98% protection of bacterially contaminated
units at the most of clinically relevant contamination levels
(20 CFUs/product).? In our study, one Mirasol treated unit showed
positive growth, the cause for which could not be ascertained as
we could not subject the BacT/ALERT bottle or original unit for
further culture and identification. The possibility of bacterial
re-growth following Mirasol treatment might be attributed to
the breach in aseptic technique while sampling or during the

Table 1: Pathogen inactivation efficacy of Mirasol
technology

BacT/ALERT testing Remarks

Serial NC after PC after  PC after Mirasol-
number 7 days of 24hof 7daysof treated units

incubation incubation incubation after 7 days of

(NC) (PC)) (PC) incubation (T)
1 - + + - Valid
2 - + - - Invalid
3 - - + - Valid
4 - - + - Valid
5 + + - Invalid
6 - + + - Valid
7 - + - Valid
8 - - + - Valid
9 - - + - Valid
10 - - + - Valid
11 - + + - Valid
12 - + + - Valid
13 - + + - Valid
14 - - + - Valid
15 - - + - Valid
16 - - + - Valid
17 - - + - Valid
18 - - + - Valid
19 - - + - Valid
20 - - + - Valid
21 - + - Valid
22 - - + - Valid
23 - + + - Valid
24 - - - - Invalid
25 - - + - Valid
26 - - + - Valid
27 - + + Failed
28 + + + - Invalid
29 - + + - Valid
30 - - + - Valid
31 - + + - Valid
32 - - + - Valid

NC: Negative control, PC: Positive control, +: Bacterial culture positive,
-: Bacterial culture negative
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inoculation of the BacT/ALERT bottle. Although, two of our tests
that were invalid due to the presence of bacterial growth in NCs,
after 7 days of incubation, no bacterial re-growth was detected
after Mirasol treatment.

Culture studies performed on platelets early after collection may
miss bacterial contaminated units that can achieve dangerous levels
of overgrowth during the storage of blood components.!” In this
study, after a 24-h hold after inoculation, only 32.1% of samples
were detected using the BacT/ALERT with a 4 ml inoculum. The
low detection rate was probably due to the slow growth rate of the S.
epidermidis. Since lag-phase of the growth of organisms may depend
on the conditions used to culture microorganisms; slow-growing
bacteria like S. epidermidis may grow in an idiosyncratic manner
which may allow the slow-growing organism to escape such a
detection scheme. Wagner et al. reported that average time to the
first detection of S. epidermidiswas 23.8 h, whereas a minimum time
of 37 h was required for detection of all organisms in the experiment
using the BacT/ALERT.? Increasing the hold time before sampling
for bacterial screening can increase the successful detection rate
of contaminated units. However, the limited shelf life of platelet
concentrates would lead to less time available for platelets to be
transfused and a high rate of expired platelet units in an already
scarce inventory. Given the rate of 0.2-3.2% false positive alarms
in 3 days BacT/ALERT incubation, another threat to inventory is
an unnecessary discarding of precious platelet units.?®

Conclusion

Use of bacterial screening of platelets in India is done mainly
for quality control purposes as high cost and limited resources
preclude the routine use of sophisticated, sensitive, and expensive
technologies for the screening of blood products.?* Again,
the problem is further compounded in developing nations
where hemovigilance systems are still in their infancy with
no nation-wide reporting of transfusion-associated bacterial
infections. This is a first prospective pilot study from India
regarding pathogen inactivation in blood components. Considering
high morbidity and mortality associated with bacterial infections
compounded with the high cost of treatment, more studies from
India are required to evaluate other viral and bacterial strains as
well as to check the cost-effectiveness of bacterial inactivation in
the developing countries.

Limitations

This study was limited by the fact that we relied on the NC
and assumed that the growth seen in PC was due to the spiked
S. epidermidis only. Furthermore, we were not able to test the
quantitative reduction of bacterial load in terms of “log reduction.”
Assessment of the quality parameters and function of the treated
platelets were beyond the scope of the current pilot study.
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