PRESTORAGE POOLED PLTs AND BACTERIAL CULTURE TESTING

collections, because the single implicated WBP compo-
nent in the pool is generally not identified. Limiting the

intitial bacterial contamination of each WRBP componentin -

the pool therefore is critical and expecred 10 occur with,
gpiimized skin preparation techniques and initial whole
blood diversion at collection.®
~ In this report we describe the baseline risk of sepsis
associated with transfusion of WBPs, as measured by the
rate of septic transfusion reactions reparted to the Ameri-
can Red Cross Hemovigilance Program in 2003 through
2006.° After successful implementation of PSPs at four
American Red Cross regional blood centers, we assess the
_ impact of sample diversion on the dsk of contamination
during collection and document the ability of culture
testing to identify contaminated products and prevent
their release into inventory. '

" MATERIALS AND METHODS

Whole blood was collected into collection seis with or
without a sample diversion system {Leukotrap-RCPL, Pall
Medical) from routine blood donors in four American
Red Cross Blood Services Regions (A-D). The lime frame
for thé introduction of PSPs and whole blood collection
utilizing sample diversion strategies, overlapped, such
that the first 5211 PSPs were manufactured with WBP
that lacked sample diversion. The phlebotomy site was
prepared by our standard, FDA-recormmended, skin
disinfection protocel utilizing povidone-iodine scrubs (or
chlorhexidine glucgnate in 70% isopropyl alcohol scrubs
for donors allergic to iodine)* throughout the study. Leu-
koreduced WBP concentrates were prepared and stored
at 20 to 24°C. After 2 minimum of 24 hours, five ABO-
identical WBP concentrates were pooled into a 1.5-L CEX
storage bag {(Acrodose PL System, Pall Medical) by means
of multiple sterile connections (TSCD or SCD sterile tube

" welders, Terumo Medical Corp., Elkton, MD). Pools were °

labeled D+ if there was one or more D+ WBP unit'in the
pool. . '

:An 8-mL sample for bacterial testing was removed
from the storage bag using a platelet (PLT) sampling
device (SampLok sampling kit, ITL, Reston, VA; or acces-
sory sampling assembly, Gambro BCT, Lakewood, CO). An
additional 1.5 to 2. mL was used for product qualification

_testing (PLT count, pH). PLT yield was calculated {from the
PLT concentration and the volume of the PSPs.

At the start of the evaluation of the Acrodose PL
system, process control testing was performed. PLT yield,
concentration and product volume, sterility by bacterial
culture, and pH were determined and success was defined
by our standard process control procedures. This entailed
testing the first 60 pools with no failures or 91 pools with
one allowable failure. pIi testing was performed for 60

pools by determining the pH of 40 PSPs at issue, 10 PSPs-

on Day 5, and 10 PSPs at outdate; for 90 pools: by deter-
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mining pH of 61 PSPs at issue, 15 P5Ps on Day 5 and 15
PSPs at outdate. After successfully” completing process
control, monthly QC testing of 1 percent of PSPs was
initiated.

Detection of bacterial contamination

An automaied microbial detection system (BacT/ALERT
30, hioMérieux) was used for aerchic cultures, with bottle
inoculation perforined in a laminar-flow hood, as previ-
ously described.®® PSPs were released into inventory for
distribution after at least 12 hours with negative culture
results, and cultures were monitored until product
outdate on Day 5. All components associated with positive
initial culture results were ‘quarantined or retrieved if
already distributed to transfusion services. A second 8-mL
sample was taken from the initially positive PSPs and/or

- cocomponents and inoculated into a new aerobic botde

for confirmatary culture, The initial and subsequent posi-
tive culture bottles ‘were sent to independent microbiol-
ogy laboratories for bacterial isolation and idendfication.
Bacteria! cullure test resulls were classified according 1o
AABB Bulletin 04-07%‘with further subcategorization as
follows: A confirmed-positive result is a true-paositive
result with the growth of the same organism in the initial
and confirmatory sample; a [alse-positive. result. is a
positive bottle sigpai but a negative result on subsequent
culture. False-positive results were further characterized
as efther possible sampling contamination,. if bacteria
were detected in the initial bottle but not the confirmatory

_culture, or instrument error, if the initial culture bottle was

found to be sterile.® If PLT components were not available
for confirmatory culture because they were transfused or
destroyed during the manufacturing process, the inital-
positive signal could not be resolved and the results were
classified as “indeterminate.” Occasions where an initial-

" positive culture was detected but the subsequent confir-

matory culture revealed a different bacterial isolate were
labeled “discrepant.” In the AABB classification, these
cases would be included in the “true-positive” category.

Septic transfusion reactions

All septic ransfusion reactions reported to the 35 regional
American Red Cross blood centers were investigated and '

- compiled in a centralized database through the American
"Red .Cross Hemovigilance Program, = as previously

described.’ Clinical criteria for a possible septic transfi-
sion reaction to apheresis PLTs were any of the following
symptoms within 4 hours of transfusion: fever of 39°C or
greater or a change of 2°C or more from pretransfusion
value, rigors, tachycardia greater than 120bpm or a
change of 40 bpm or more fram pretransfusion value, or a
change of more than 30 mm Hg in systolic or diastolic
blood pressure.!® A definite sepiic wansfusion reaction
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fulfilled the clinical criteria and yielded the same bacterial
species from the residual PSP component and the patient.
A probable septic transfusion reaction fulfilled the clinical
criteria but was associated with a posilive culture on the
residual component without a matching pasitive blood
culture result in the recipient. Transfusion reactions that
did not meet the criteria of probable or definite seput.
reactions were excluded.

Statistical analysis

Odds ratios (ORs) and 95 pércent confidence mtervals
(CIs) were computed to compare the odds of contami-
nation before and after the implementation of sample
diversion strategies.!! Differences between groups were
significant at p value of less than 0.05. The American
Red Cross Institutional Review Board deterrhined that
the operational frial was exempt under 45CFR46,
* 21CFRA0. ' .

RESULTS
Baseline risk of bacterial sepsis from WBPs
before implementation of PSPs -

We assessed the baseline risk of bacterial sepsis with WBPs
as reported to the American Red Cross Hemovigilince

 Program,’ before the mtroductxon of PSPs and sample. '

diversion. Between January 1, 2003, and December 31,
'2006; the 35 American Red Cross blood regions distributed
.2,535,043 WBF units ‘and 20 septic reactions were
reported, including 2 fatalities, for an overall rate of 7.9
per million (1:126,752) reactions and 0.79 per million
(1;1,267,522) fatalities per . distributed component
(Table 1). Products involved in septic reactons were
-pooled at the transfusion service in a median pool size of
5 components. {mean, 4.75; range, 2-8 components). The
median calculated risk per ransfused prod'uc;t, assuming
that 5 products were pooled, was therefore 39.4" per
million (1:25,350) for sepsis and 3.94 per million
{1:253,504) for farality.

Bight of the reported reactions fulfilled the criteria for
definite septic reactions and 12 were probable septic reac-
tions, because the incriminated organism was not cul-
tured from the patient, either due to lack of blood culture
testing (5 cases) or due to negative culture results for
patients on antibiotic therapy (7 cases). The ‘most
comnion bacterial contaminants were likely commensal
skin organisms (16 cases; 80%); 4 (20%) were likely enteric

TABLE 1. Bacteria implicated in septic
transfusion reactions to WBPs distributed
between January 1, 2003, and December 31, 2006
. Number of
Bacterial isolate seplic reactions
Coagulase-negative Staphylococcus 11
S. aursist .2
* Slaphylococcus spp. (mixed culturalt 1
Bacillus spp. 1
Corynebacterium spp, 1
Likely skin contaminants (subtotal} 16
S, bovis : 1
E. coli 2
Multiple (Klebsfeila preumania, E. coli) i
Likely enlefic orgamsms {subtotal) 4
Total reactions .20
Number of WEBP units distributed 2,535,043
Septic reactions, rale per 10° 79
Fatalities, rate per 108 079
* Associated with a fatality,
1 Coaguiase-negative and magulase-posnuve Sfaphylacaccus.

‘Operational trial and implementation of PSPs

Because of the potential safety benefit of QC bacterial
detectiori and other operational advantages, we imple- -
mernted the Acrodose PL PSP system. In an initial opera-
tional trial, four regions of the American Red Cross
marifactured 7628 PSP units, of which 5211 were pro-
duced before and 2417 after the implementation ofwhole

.blood collection sets with initial sample diversion. A pool

size of 5 units was necessaryto produce a consxstent com-
ponent coptaining more than 3 x 10" PLTs, as losses due ..
to poollng and sampling for QC tests and bacterial culture
amounted, on average, to 16.1 percent (range, 8. 3%-
31.5%) of the PLT yield. The pooling and sampling proce-
dure was accomphshed on average in 17.5 minutes (range,
13.5-21.3 min) once staff were fully trained and familiar
with the technique.

All four regions successfully compleled the phase of

. process comro! testing. Two regions had no failures in

organisms (Table 1). The components that comprised

each pool of WBPs were of uniform storage age, and 15
reactions occurred on Day 5 (75%), 3 on Day 4 (15%), 1 on
Day 3 (5%), and 1 on Day 2 (5%) after collection. The two
fatalities implicated Staphylococcus aureus and Escheri-
chia coli and were transfused on Day 5 of storage.
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their first 60 pools and two regions had one failure in their
first 91 pools (see Guidance for Industry and FDA Review
Staff Collection of Platelers by Automated Methods,
December 2007 for current criteria?). One fatlure was due
to a high PLT concentration greater than 2300 x 103 peryl,
and the other, to PLT yield less than 2.2 x 10" per pool.
Once process control was established, monthly QC testing
was then initiated, involving pH testing between Day 2
ahd outdate, of at least 1-percent of PSPs or 4 PSP units per
month if fewer than 400 pools were prepared. A total of
131pools (all four regions) were tested over 2 to 6 months
and 100 percent bad pH values 0of 6.2 or Grea.ter unthm a
range of 6.58 to 7.70. )

The vast majority of PSPs had PLT yxc]ds equivalent to
the minirmum yield for plateletpheresis (L.e.. 23.0x 10"
Table 2). The Acrodose PL system incorporates accep-
tance product qualification criteria that are determined by
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TABLE 2. Product qualification data (=1 standard deviation) during the operation trial for the Acrodase PL
system for PLTs pooled in four regions of the American Red Cross

Region
Tota! pools: 76248 A "B Cc D Mean Requirement
Number of poois 2224 4313 604 " 487
Volume [ml) 253 =8 266 10 232+9 250%6 258 = 13 180-420
PLTs (x10%puL) 1547 + 206 1530 £ 224 1647 + 240 1548 £ 193 1546 = 220 =2300
Yield (x1 o) : ‘39 =05 4.1*06 3806 39*+05 4.0=06 2.2-5.8
Pools = 3.0 x 10 (%) 9710 98.10 84.50 88,80 97.60
pH = 6.2* (%) 100 100 100 100 ; 400 ©100
PLT qualification success (%) 99.96 99.56 98.68 100 98.60

* Includes process control and monthly QC.

TABLE 3. Bacterial detection in PSPs befors and after the implementation of sample diversion (SD)

ND = not determined.

Before 5D After SD . . . . ’
Variable ) ] Number Rate per 10° Number Rate per 16¢ After SD vs. before SD OR {95% CI)
Pools .- 5211 20,725
Confirmed-positive 11 2111 20 965 . 0.46 (0.22-0.95}
False-positive {machine error) 3 576 8 386 © D.7 (0.18-2.53)
False-posilive (contamination) ‘5 960. 6 290 0.30 (0.09-0.99)
Indeterminate 2 i 384 - 4 193 - 0.50 {0.09-2.75)
" Discordant ] ] 2 97 ND
Tolal . . 21 4030 40 - 1930 0.48 (0.28-0.81)

the manufacturer for PLT yield (2.2 x 10" — 5.8 x 10" per
pool), pool volume {180-240ml), PLT concentzation
-(<2.3 x 105/pL), pH at the time of issue (=6.2), and sterility
"(baéterial .culture;negaﬁve). The product qualification
success rate was 99.6 percent for pools manufactured
during the operational trial (Table 2}, Twenty-eight of
7628 pools failed, due to a concentration of greater than
2.3 % 10° per mL (11 cases), a vield of less than 2.2 x 10"

per pool (8 cases), or a yield of more than 5.8 x 10'! per

pool (14 cases; 5 pools Tailed on mudtiple criteria).

Sample diversion during collection of WBPs *

The first 5211 PSP units were manufactured from collec-
tion sets lacking sample diversion and 21 products yielded
an initial-positive result (4030 per million {1:248]; Table 3).
In each case, the PSPs and all cocomponents (RBCs and
plasma) were retrieved and destroyed if they had not yet

- been transfused. After the introduction of sample diver- =

sion, 20,725 pools were manufactured and tested by
culture (during the operational trial. and. subsequent
routine production until December 31, 2007). Only 40 of
the 20,725 PSPs vielded an initial-positive culture result
{1930 per million [1:518]) indicating a significant 52
percent reducton in the rate of bacterial cantamination
(OR, 0.48; 95% CI, 0.28-0.81). This reduction reflected a
significant decrease associated with sample diversion in
the rates of both confirmed-positive culture rafes (2111 vs.
965 per million; OR. 0.46; 95% CI, (.22-0.95) and false-
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positive (contamination) rates (960 vs. 290 per million;
OR, 0.39; 95% CI, 0.09-0.99), but not in the rates of inde-
terminate or false-positive samples due to machine exror
{Table 3). Most of the bacterial isolates in confirmed-
positive cultures were likely skin ora (Table 4), and the
rate of detection was significanély decreased after imple-
mentation of sample diversion (1727 vs, 724 per million;
OR, 0.42; 95% CI, 0.18-0.96). The rate of detection for likely
enteric organisms, however, did not change with sample
diversion (384 vs. 241 per million; OR, 0.63; 95% CI, 0.12-
3.24). All organisms detected as fulse-positive samples due
to contamination were likely skin commensal organisms
(Table 4). . . ,

PSPs with confirmed-positive or false-positive cul-
tures were all successfully removed from inventory and
not distributed for transfusion. Four pools with indeter-
minate culture results were transfused on Day 3 or Day 4
of storage, before the initial-positive culture was detected,
but no adverse reactions-to these components were
reported. '

DISCUSSION

Retrospective passive surveillance studies petforimed
before the advent of screening cultures, initial sample
diversion, and standardized skin preparations, revealed
that the risk of a septic reaction with transfusion of WBEPs
ranged from 1:14,000 to 1:93,000.'%13 The data presented
herein from the American Red Cross Hemovigilance
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Program provide an estimaie derived from 2,535,043
distributed WBP units between January 1, 2003, and
Decernber 31, 2006, with 20 reporis of sepsis after trans-
fusion, including 2 fatalities. Assuming a rnean pool size of
5 WBP components, we calculated a rate per distributed
product of 33.4 per million (1:25,350) for sepsis and 3.94
per million (1:253,504) for septic fatality. A limitation of
this approach is that the actual number of transfused PLT
doses is not known with certainty. The 2005 National
Blaod Collection and Distzibution Survey records that
a mean of 18.1 percent of WBPs were discarded before
use, further suggesting that the actual septic transfusion

‘rate per transfusion was higher than documented here.'*

Furthermore, several small studies and a large. single-
institution active surveillance study performed over 15
years have established that active surveillance may detect -
considerably more contaminated products and septic
reactions ‘than passive surveillance, supp\oning a higher
actual contatnination rate, currently estimated at 1:1000
to 1:3000 transfused products.'®*¥ For comparison, our
published estimates of the risk of plateletpheresis samples
tested by bacterial culture and distributed by the Ameri-
can Red Cross during the same period (2004-2006) was

- 1:74,807 for septic reactions and 1:498,71] for fatalities;

suggesting that WBPs may have been associated with -a
greater bacterial risk than apheresis PLTs for each trans- -
_fused dose? S;mllarly. the orgamsms involved in these
reactions were most]y skin organisms; fatalities occurred
predominantly on Day 5 of storage and’ frequenﬂy
lnvo!ved major pathogens.'® )
" In an effort to improve the safety profile of WBPs, we
successfully implemented and validated PSPs with’ the

sAcrodose PL system and sample diversion and demon-

strated reduced contamination at the time of collection.
Our preliminary experience suggested that the Acrodose
PL sysiem requires a significant investment in staff train-
ing and hands-on experience to optimize yields and to
minimize QC loses (data pot shown). We therefore per-
formed an operational trial in four regions that routinely
distribute WBPs. After successful production and distribu-
tion of 7628 PSPs over a S-month period, we implemented
PSPs for routine manufacture. We demonstrated’ the
ability to consistently meet all of the manufacturers’
quality variables for PSPs; indeed, 37.6 percent contained
more than 3 % 10! PITs and only 0.4 percent (28 of 7628
pools) of pools failed QC testing, either on yield or on PLT
concentration variables.

For bacterial culture, we selected the bloMcneuk
BacT/ALERT 3D system rather than the Pall eBDS
system, because the former approach allows greater
culture sensitivity by testing 8-mL rather than 3- to 4-mL
samples, allows product release into inventory at 12
hours rather than 24 te 36 howrs after culture inocula-
tion, and is consistent with our laboratory approach with
apheresis PLIs.
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Bacterial culture of 5211 PSPs before and 20,725 PSPs
after the introduction of sample diversion at the time of
collection revealed a significant reduction in the overall
rate of initial positive samples, which was accounted for

by a significant decrease in the ratc of confirmed-positive _

and false-positive (contamination) cultures. In contrast,
the rate of indeterminate cultures and false-positive cul-
tures due 1o machine error were unchanged. Similar
decreases in confirmed-positive cultures with sample
diversion have been previously documented in WBPs, 1%
In our hands, sample diversion reduced the confirmed
positive rates by 54 percent, from 2111 per million to 965
per million pools (OR, 0.46; 95% CI, 0.22-0.95) and the
false-positive (contamination) rate by 70 percent from 960
per million to 290 per million pools (OR 0.30; 95% CI,

- 0.09-0.99; Table 3).

". Sample diversion technology likely reduces bacterial
contamination by skin commensal bacteria mobilized

" during phlebotomy>® Qur finding (Yabled) that
_ confirmed-positive cultures derived from skin commensal
bacteria decreased from 1727 to 724 per million after the

implementation of sample diversion (OR, 0.42; 95% CI,
0.18-0.96), while the rates of enteric coniaminanis were
unchanged (384 vs. 241 per million: OR, 0.63; 95% CI, 0.12-
3.24), supports this concept. The ﬁndmgthat false-positive
cultures (coniarnination) were' also sxgmﬁcantly reduced
supports our préviously published hypothesis that some
false-positive samples are likely due to cornponents con-

taminated by low levels of bacteria that do not proliferate

on PLT storage In this view, a truly contaminated
product that gives.rise to an initial-positive culture is
labeled a false-positive culture due to inadequate sam-
pling during reculture of the product, such that the sample

. is sterile. Further evidence to support the hypothesis is
provided by analyzing the time between culture inocula- -

tion and the initial positive test result. The most frequent
species involved in false- positive (contamination} cultures
is Staphylococcus (coagulase-negative), which took signifi-
cantly longer to grow in false-positive than confirmed-
positive cultures {mean, 27.2 hr vs. 17.5 hr; p = 0.02, t test;
Table 4). This delay in growth may be ascribed to lower
initial concentrations, prolonged Jag phase of growth, or
longer doubling times in culture, although the latter is less
likely for a given species of bacteria. .

PSP implementation required appropriate manage-

ment of cocomponents associated with initial-positive
cultuzes, directed by the culture results. After implemen-

tation of sample diversion, there were 40 initial-positive
cultures of 20,725 pools tested (1930 'per million [1:518]),

and these products and their cocomponents were placed -

into hold guarantine; 14 of the initial-positive samples
were shown to be false-positive samples and their cocom-
ponents were released info inventory. The other positive
culture results were associated with 130 RBCs and 130

- plasma cocomponents that were rewieved and discarded

185

ifthey had not been transfused. Because only a single WBP
component likely contaminated the pool but could not be
isolated in retrospect as the source by the current proce--
dure, approximately 80 percent of the destroyed cocom-
ponents were likely sterile and acceptable for transfusion.
The direct and indircct cost of these component losses
represent a disadvantage of the Acrodose PL systemn and
should be accounted for in the cost analysis of PSP manu-
facturing. Of the 20 confirmed-pasitive cultures after '
implementation of sample diversion, 15 (75%) were still

skin commensal organisms, raising the possibility that

further improvements in skin preparation may be effec-
tive at lowering contamination and mitigating the loss

* of cocomponents with PSP production. Two of the four

enteric organism contaminants were Streptococcus hovis,
a species that has been linked to colonic carcinoma, and
the donors of. these products were counseled to seek
further medical investigation.” )

The confirmed-positive -rate of 965 per million
£1:1036) bacterial cultures of PSPs after the implementa-
tion of sample diversion is 5.2-fold greater than our pub-
lished rate for apheresis PLYs of 185 -per million {1:5399)
collected between 2004 and 2006. In that report, the BacT/
ALERT cultures were inoculated with 4-mL samples and
only a proportion (~39%) of the products were collected
with inlet line sample diversion strategies.” We recently -

. 'implemented universal inlet line' sample diversion for

plateletpheresis, doubled the 'BmTIAIER_’I‘, sample -
volume to 8 mL, and report a cdnﬁrméi:l-posiiive culture
rate of 167 per million (1:5,922) after testing 431,490

‘collections (Table5 and AE Eder etal., submmed for

publication). .

These data suggest that when utlhzmg a standardized
protocol of skin prcparanon, sample diversion, and
culture, a unit‘per-unit comparison of PSPs and platelet-
pheresis reveals a 5.8-fold (OR, 5.8; 85% CI, 3.5-9.5) greater
risk of confirmed-positive contamination lor PSPs, sug-
gesting that individual WBP and plateletpheresis collec-
tions carry a similar risk of contamination (given the

* pooling of 5 WBP products in PSPs). These data raise the

possibility that PSPs may pose a greater risk of sepsis to
transfusion recipients due to false-negative bacterial
culture results, after pooling five components. Despite
this theoretical risk, PSPs offer to supplement the available
PLT inventory at relatively low cost and may mitigate the
risk of some wansfusion reactions {e.g., transfusion-
related acute lung injury, immune hemolysis), due to

lower plasma volume derived from individual donoss. The

counterargument that there may be. greater risk from
increased donor exposure will need careful evaluation.
Direct comparison of absolute PLT contamination
rates assessed by different institutions is not possible, due
to variations in sampling time, volume of sample, and
conditions of culture (e.g., aerobic/anaerobic conditions).
MNeveriheless, in thosé institutions where WBP and
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