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Abstract

Background: The PGDprime® test was updated to enable Acinetobacter spp.

detection to respond to morbidity and mortality events in 2018 and 2020

involving platelets contaminated with Acinetobacter-calcoaceticus-baumannii

complex (ACBC). In one morbidity event, the first-generation PGD test failed

to detect ACBC. In two other reported events, pathogen-reduced (PR) platelets

contaminated with ACBC and other bacteria led to patient morbidity and one

death.

Study Design and Methods: A polyclonal antibody to Acinetobacter was inte-

grated in the test device and evaluated for detection of Acinetobacter spp.,

including the ACBC isolate recovered in one of the 2018 contamination events.

Limits of Detection for various Acinetobacter strains were determined in dilu-

tion studies. Detection of Acinetobacter growing in platelets after an initial low

inoculum was evaluated. Use of the updated test as a secondary test after path-

ogen reduction was also evaluated by testing at 12-h intervals PR platelet units

inoculated with low levels of the 3 species reported in the fatal PR platelet:

ACBC, Staphylococcus saprophyticus, and Leclercia adecarboxylata.

Results: The test detected several Acinetobacter strains at the clinically rele-

vant CFU/ml levels associated with septic transfusions and successfully

detected Acinetobacter growing in various non-PR platelet types after an initial

low inoculum. In PR platelets, the test yielded a positive result with the 3 impli-

cated bacteria in 48 h or less after inoculation, or 48–72 h earlier than the

reported time of transfusion of contaminated PR platelets.

Conclusion: PGDprime was improved to detect Acinetobacter and has shown

utility to interdict contaminated PR platelets.
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1 | INTRODUCTION

In 2018, three different sites in the United States reported
four platelet contamination events with Acinetobacter-
calcoaceticus-baumannii complex (ACBC), resulting in
patient mortality and morbidity.1 One case of patient
morbidity in Utah involved a pathogen-reduced
(PR) platelet unit that had been treated 13.5 h after col-
lection and transfused on the fifth day after collection.2

Later that year, Yale University Medical Center reported
two cases of patient morbidity involving two units from a
single collection that had been tested with culture at 24 h
post-collection, then tested with the Platelet PGD® rapid
test within 5 h of transfusion.1 Both tests yielded negative
or non-reactive results for the presence of bacteria. Iso-
lates from the platelet bags and patient plasma from the
three sites and all four patients were identified as ACBC
and Staphylococcus saprophyticus. The ACBC isolates
from all three sites were highly related to each other, dif-
fering by 0–32 single nucleotide polymorphisms across a
95.6% core genome.1

A patient mortality event was reported in 2020 involv-
ing a PR platelet unit.3 Isolates from that event were identi-
fied as ACBC and S. saprophyticus, both clonal with the
previous reported events in 2018, and Leclercia ade-
carboxylata, a Gram-negative enteric bacterium. The col-
lected platelets had been split into two components that
were separately treated 16.5 h after collection with the
INTERCEPT Blood System for pathogen reduction.
The two components were sent to different medical facili-
ties. One of the components was safely transfused on Day
3 after collection. The other component was transfused to a
different patient on Day 5, resulting in the reported fatality.

Subsequent investigations demonstrated the efficacy
of the pathogen reduction process in eliminating viable
ACBC, S. saprophyticus, and L. adecarboxylata bacteria in
platelets.3 In the 2020 report, the authors theorize that
bacteria may have entered the stored PR platelet via a
leak discovered in the storage container.3

Collected platelets undergo PR treatment within 24 h,
then transferred to a storage bag. If a PR platelet is trans-
fused on the 5th day post-collection, potential post-
treatment contamination and bacterial proliferation
could occur in the storage bag over the intervening 72+ h
prior to transfusion.

The Platelet PGD Test did not detect ACBC at Yale. It
was not designed to detect Acinetobacter spp. efficiently.
These strains had not been reported as platelet contami-
nants during the test's design and development (ca.2006).
In response to the 2018 sepsis events, the current
test, Platelet PGDprime, has been updated to include
Acinetobacter spp. detection.4 At the time of writing, this
updated version has completed an extensive validation

protocol prior to commercial release in 2021. We report
the performance of this updated test in detecting
Acinetobacter spp. in untreated (non-PR) platelets.

We also tested the utility of the updated test for
detecting the bacterial contaminants identified in mor-
bidity and mortality events in 2018 and 2020 in PR plate-
lets. Currently, platelets are not tested for bacterial
contamination once they have been pathogen reduced.
The assumption is that, given the efficiency of pathogen
inactivation, it is not necessary to check for process integ-
rity or post-treatment bacterial proliferation. The recent
morbidity and mortality events challenge those assump-
tions. The absence of any strategy to detect post-
treatment contamination events in PR platelets prior to
transfusion will continue to expose patients to mortality
and morbidity. We therefore evaluated the utility of the
updated PGDprime rapid test to detect post-treatment
contamination of PR platelets prior to transfusion, specif-
ically focusing on the bacteria isolated from the recent
PR platelet contamination events.

1.1 | Acinetobacter baumannii antigenic
variation and the development of a
polyclonal antibody

In the recent decade, A. baumannii has received recogni-
tion as a widespread cause of nosocomial infections,5

with potential antibiotic resistance.6 Over 50 different
species have been identified to date, linked to a range of
infections, with pneumonia being the most frequent.7

A. baumannii is genetically diverse but outer surface epi-
topes such as Type 1 pili, outer membrane protein A
(Omp A), the most abundant A. baumannii outer mem-
brane protein, and the lipopolysaccharide O-antigen
show a high level of homology among strains.7,8,9

To develop a broadly reactive antibody, the immuno-
gens used to develop a new polyclonal antibody which
included multiple Acinetobacter strains included several
strains of A. baumannii and Acinetobacter lwoffii.

2 | MATERIALS AND METHODS

2.1 | Test devices

This study uses an updated PGDprime rapid test con-
taining an antibody that recognizes Acinetobacter spp. The
capture antibody is located on the 6th downstream test
line of the PGDprime test device as shown in Figure 1.
The capture antibody immobilized on the nitrocellulose
test strip is combined with a detector which uses the
F(ab0)2 of the same antibody in a sandwich assay format.

LAVERDA ET AL. 2711



2.2 | Detection of Acinetobacter in
non-PR platelets

Observed limits of detection (LoDs) were first determined
with various available Acinetobacter strains using a bacte-
rial growth model in apheresis platelets suspended in
plasma. Samples taken over time from the inoculated
platelets were tested with PGDprime and the levels of live
bacteria in each platelet bag were quantified using viable
plate counts by serial dilution (we refer to this as the
Dilution Plate Count method or DPC). Of eight available
Acinetobacter strains tested, three strains did not grow in
apheresis platelets, experiencing auto-sterilization in three
separate attempts (Table 1). These strains were grown on
and recovered from blood agar plates, then transferred to
saline, quantitated spectrophotometrically, and tested in
serial dilutions in apheresis platelets using PGDprime to
determine their observed LoD.

Using A. baumannii ATCC 19606, a type strain, a
spiking stock was prepared to evaluate the reproducibility
of A. baumannii detection at a level near its observed
LoD in apheresis platelets and in other platelet types.

When this spiking stock was diluted 1:21 in platelet
samples, the resulting level of A. baumannii was 0.4 logs
above the LoD established in testing described in
the preceding section. Six in-date units of each of the fol-
lowing platelet types were spiked and tested: Pre- or
post-storage leukoreduced whole-blood-derived platelet
pools (LRWBDp), post-storage non-leukoreduced whole-
blood-derived platelet pools (NLRWBDp), and platelets
collected with platelet additive solution (PAS-C). Each
test run was controlled by spiking the same stock into
an apheresis platelet unit.

2.3 | Low inoculum growth studies in
non-PR platelets

Growth studies were conducted to evaluate the ability of
the updated PGDprime test to detect Acinetobacter initially
present at low levels that culture may miss due to sam-
pling errors. We used a model of platelet contamination
that follows the growth of bacteria from low numbers
through log phase during storage. A. baumannii ATCC
19606 was inoculated at low CFU/ml (≤10 CFU/ml) and
tested at 24 h post-inoculation and every 12 h thereafter to
determine time to detection in three different types of
platelets: apheresis, PAS-C, and LRWBDp. A spiking stock
was prepared by establishing the CFU/ml level of a high
bacterial stock spectrophotometrically. This stock was then
diluted in sterile PBS to create 3 spiking levels so that final
target levels of 1, 0.1, and 0.01 CFU/ml were achieved
after a 1:100 spike into negative platelet units. Each of
these spiking stocks were then tested for levels of live bac-
teria at the time of spiking using DPC (live bacteria typi-
cally did not match the spectrophotometric-based target
values). The reason for using 3 inoculum levels was our
experience that only a small percentage of bacteria actu-
ally grow in platelets with these very low starting inocula.
The range of inocula was used to ensure that growth
would occur in one or several conditions. A separate com-
plete platelet unit was spiked for each target level for a
total of 3 inoculated units of each type. A fourth unit of
the same type was inoculated with sterile PBS as a nega-
tive control. Two hours after spiking, ten 4.5 ml aliquots
were sampled from each inoculated platelet. Only platelets
that were not 100% (10/10) positive on agar plate culture
were qualified for further investigation in this study. This
requirement was meant to simulate sampling errors that
would affect culture testing results due to extremely low
bacterial levels. Testing was performed using three cGMP
lots of the updated rapid test in duplicate at each time
point for a total of 6 data points per testing interval. Bacte-
rial plate culture was performed on aliquots from the inoc-
ulated units at each timepoint to confirm viability of the

FIGURE 1 Location of the updated detection line on the

PGDprime test strip [Color figure can be viewed at

wileyonlinelibrary.com]

TABLE 1 Observed limits of detection (LoD) for various

Acinetobacter strains

Strain
Observed LoD
(CFU/ml)

Acinetobacter baumannii ATCC 001a 4.40E+04

Acinetobacter baumannii ATCC 17961a 9.00E+02

Acinetobacter baumannii ATCC 19606a 3.20E+04

Acinetobacter baumannii ATCC 51432a 5.30E+04

Acinetobacter baumannii BAA-747a 1.05E+06

Acinetobacter lwoffii ATCC 17925b 1.01E+05

Acinetobacter indicus ATCC 17976b 9.53E+04

Acinetobacter baylyi ATCC 33305b 6.48E+06

aGrown in apheresis platelets.
bGrown on blood agar plates.
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inoculated bacteria (At extremely low levels, many inocu-
lated units autosterilized and did not contain viable bacte-
ria up to the 72 h timepoint). Samples were considered
positive when all six results were positive at a given time
point, upon which a culture confirmation was carried out.
The sample was tested using PGDprime at the next time
point to further confirm the initial positive result.

2.4 | Detection of ACBC and other
platelet isolates in PR platelets

Separate studies were undertaken to evaluate the utility
of the updated test in detecting bacterial contamination
in PR platelets. These were designed to simulate the two
morbidity and mortality events involving contaminated
PR platelets in 2018 and in 2020. In the 2018 morbidity
event, ACBC and S. saprophyticus were identified as co-
contaminants. In the 2020 mortality event, ACBC,
S. saprophyticus, and L. adecarboxylata were isolated in
the implicated PR platelet unit.

The first study investigated the detection of ACBC
and A. baumannii ATCC 19606, each as single contami-
nants. Two in-date PR PAS Platelet units were acquired.
Each unit was divided aseptically into three aliquots in
individual Fenwal Transfer-Pack platelet bags. One ali-
quot of each unit was inoculated with 10 CFU/ml of the
ACBC isolate from the Yale morbidity events (ACBC Iso-
late Yale 2018). The second aliquot was inoculated with
10 CFU/ml of A. baumannii ATCC 19606. The third ali-
quot was not inoculated and served as a negative control.

The bags were placed on a rocker at room tempera-
ture, sampled aseptically (~200 μl) every 12 h and tested
in duplicate with the updated PGDprime assay. Time to
detection was determined and subsequently confirmed
by plate culture and with additional PGDprime testing at
the next 12 h time point.

At the time of first detection, the level of ACBC in the
PR platelet sample was measured by DPC and
the observed LoD for the ACBC isolate with PGDprime
was determined by testing serial dilutions of the PR plate-
let sample in negative platelet with duplicates of the
rapid test. The observed LoD was calculated as the
CFU/ml at the last serial dilution detected by PGDprime.

2.5 | Detection of ACBC and
S. saprophyticus as single and
co-contaminants in PR platelets

In this study, the ability of the updated test to detect both
ACBC and S. saprophyticus isolates obtained from the
Yale morbidity event as co-contaminants in PR platelets

was evaluated. Two in-date platelets were each divided
aseptically into 4 aliquots. ACBC was inoculated at
10 CFU/ml into one aliquot (ACBC solo).
S. saprophyticus was inoculated also at 10 CFU/ml into
the 2nd aliquot (S. saprophyticus solo). ACBC and
S. saprophyticus were inoculated together (10 CFU/ml
each) into the 3rd aliquot (Mixed). The 4th aliquot was
not inoculated and served as a negative control.

The aliquots were placed on a rocker at room temper-
ature, sampled aseptically (~200 μl) every 12 h and tested
in duplicate with the updated PGDprime rapid assay.
Time to detection was observed, confirmed on plate cul-
ture and additional tests at the next 12 h time point.

2.6 | Detection of ACBC,
S. saprophyticus, and L. adecarboxylata as
single and co-contaminants in PR platelets

We were not in possession of the specific isolates from
the 2020 event. In this study, we evaluated the detection
of the 3 species identified in the 2020 PR platelet mortal-
ity event as co-contaminants. Two in-date PR PAS plate-
let units were each divided into four aliquots. Each unit
was tested for the absence of viable bacteria via aerobic
and anaerobic plate culture prior to use. Each unit was
also tested to be non-reactive in the rapid test prior to
use. Yale isolates of ACBC and S. saprophyticus, and
L. adecarboxylata ATCC 23216 (10 CFU/ml each) were
inoculated together into the first aliquot from each PR
PAS platelet unit. Each organism was also inoculated as
a single contaminant into the 2nd, 3rd, and 4th aliquot of
each unit.

The aliquots were placed on a rocker at room tempera-
ture, sampled aseptically (~200 μl) every 12 h and tested in
duplicate with the updated rapid assay. Time to detection
was observed and subsequently confirmed by plate culture
and with additional tests at the next 12 h time point.

3 | RESULTS

3.1 | Detection of Acinetobacter in
non-PR platelets

Table 1 summarizes the observed LoDs for several
Acinetobacter strains in apheresis in plasma platelets.

The observed LoD established for A. baumannii
ATCC 19606 was 3.20E+04 CFU/ml. A spiking stock of
this strain was diluted 1:21 into LRWBDp, NLRWBDp,
and PAS platelets to yield a final CFU/ml level within 0.4
logs above this measured LoD. Each spiked unit of each
platelet type was tested with PGDprime devices from
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3 different cGMP lots. Table 2 summarizes the results
obtained. To confirm the LoD previously observed in
apheresis platelets to be valid in other platelet types, all
tests with PGDprime should yield a reactive result with
the spiked samples. The results obtained did demonstrate
the ability of the test to reproducibly detect levels of
Acinetobacter close to the LoD in multiple examples
of the different platelet types.

3.2 | Time to detection of A. baumannii
in non-PR platelets in ultra-low inoculum
studies

The times to detection observed for A. baumannii ATCC
19606 growing in various non-PR platelets are summarized
in Table 3. The variation observed in times to detection are
dependent on the growth conditions in the specific platelet
units in the study and not the test's ability to detect at its
expected LoD. At each timepoint, the sample obtained
from each bag was tested with DPC to determine the
CFU/ml in the bag. At each negative timepoint prior to the
positive timepoint, the CFU/ml had not exceeded the LoD
established for the A. baumannii ATCC 19606.

The test successfully detected A. baumannii ATCC
19606 growing in three types of non-PR platelets from a
low-level initial inoculum. Time to detection ranged from
48 to 96 h. No reactive results were obtained from the
platelets inoculated with buffer.

3.3 | Time to detection of ACBC and
A. baumannii in PR platelets

Reactive results were observed at 36 h post-inoculation in
aliquots from each of the two PR PAS containing the
ACBC isolate Yale 2018. In the aliquot of one platelet,
A. baumannii ATCC 19606 was detected at 36 h and in
the other platelet at 48 h (Table 4). The observed LoDs
for the Yale 2018 isolate of ACBC in each platelet are
shown as well. The negative control aliquots were
non-reactive on the rapid test at all time points.

3.4 | Time to detection of ACBC and
S. saprophyticus as co-contaminants in PR
platelets

This study compared the time to detection of the Yale
2018 isolates of ACBC and S. saprophyticus as co-
contaminants to the time to detection of each species as a
single contaminant in the same PR platelet units
(Table 5). As single contaminants, the Yale isolates of
ACBC and S. saprophyticus gave positive test results
within 48 h or less after initial inoculation in the two PR
platelet samples. As combined contaminants, the Yale
isolates yielded positive test results between 36 and 48 h
after initial inoculation.

3.5 | Time to detection of ACBC,
S. saprophyticus, and L. adecarboxylata as
co-contaminants in PR platelets

In this study, the time to detection in PR platelets inoculated
with the Yale 2018 isolates of ACBC and S. saprophyticus
and L. adecarboxylata ATCC 27983 as co-contaminants was
compared to the time to detection of each species as single
contaminants in the same platelet unit (Table 6). As single
contaminants, each organism growing in PR platelets was
detected by the rapid test within 48 h or less. When grown
together as mixed contaminants in equal initial inocula, the
test gave a positive signal, indicative of a contaminated
platelet within 36 h or less in the two platelet units tested.

TABLE 2 Reproducibility of Acinetobacter baumannii detection in different platelet types

Platelet type No. of units tested A. baumannii 19606 (CFU/ml) Reactive results/tests run % detection

Apheresis 5 8.75E+04 15/15 100%

LRWBDp 6 8.75E+04 18/18 100%

NLRWBDp 6 8.75E+04 18/18 100%

Apheresis in PAS-C 6 8.75E+04 18/18 100%

Abbreviation: PAS, platelet additive solution.

TABLE 3 Time to detection of Acinetobacter baumannii ATCC

19606 in non-pathogen-reduced platelets

Platelet type

Initial
inoculum
(CFU/ml)

Time to
detection
(hours post-
inoculation)

Apheresis in
plasma

0.10 96

Apheresis in PAS-C 0.02 48

Apheresis in PAS-C 0.20 60

LRWBDp 0.28 60

Abbreviation: PAS-C, platelets collected with platelet additive solution.
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The PR platelet contaminated with the 3 species identi-
fied as co-contaminants in 20203 could have generated a
positive assay response from 24 to 36 h after PR treatment.

4 | DISCUSSION

4.1 | Detection of Acinetobacter spp. by
the updated rapid bacterial test

The PGDprime rapid test has been updated to detect
Acinetobacter spp. by the inclusion of an antibody raised

in host animals using Acinetobacter strains in the immu-
nogen. We demonstrated detection of various strains of
Acinetobacter at levels well within the threshold of seri-
ous septic reactions previously reported for bacteria in

TABLE 4 Time to detection of two

Acinetobacter species as single

contaminants in in-date PR PAS

platelets
Sample

Species inoculated
(10 CFU/ml)

Time to detection
(hours-post
inoculation)

Observed LoD for Yale
2018 isolates (CFU/ml)

PR PAS
platelet 1

ACBC isolate
Yale 2018

36 4.8E+05

Acinetobacter
baumannii 19606

36 9.1E+03

PR PAS
platelet 2

ACBC isolate Yale 2018 36 1.3E+05

Acinetobacter
baumannii 19606

48 5.8E+03

Abbreviation: PR PAS, pathogen-reduced platelet additive solution.

TABLE 5 Time to detection of the Yale isolates of ACBC and

Staphylococcus saprophyticus growing in in-date PR PAS platelets as

single and mixed co-contaminants

Sample
Species inoculated
(10 CFU/ml each)

Time to
detection
(hours-post
inoculation)

PR PAS
platelet 3

ACBC isolate Yale 2018
(single contaminant)

36

S. saprophyticus isolate Yale
2018 (single contaminant)

48

ACBC isolate Yale 2018 + S.
saprophyticus isolate Yale
2018 (mixed co-
contaminants)

36

PR PAS
platelet 4

ACBC Isolate Yale 2018
(single contaminant)

24

S. saprophyticus isolate Yale
2018 (single contaminant)

48

ACBC isolate Yale 2018 + S.
saprophyticus isolate Yale
2018 (mixed co-
contaminants)

24

Abbreviation: PR PAS, pathogen-reduced platelet additive solution.

TABLE 6 Time to positive reaction of the Yale isolates of

ACBC and Staphylococcus saprophyticus, and Leclercia

adecarboxylata ATCC 27983 growing in in-date PR PAS platelets as

single and mixed co-contaminants

Sample
Species inoculated
(10 CFU/ml each)

Time to
detection
(hours post-
inoculation)

PR PAS
platelet 5

ACBC isolate Yale 2018
(single contaminant)

36

L. adecarboxylata (single
contaminant)

36

S. saprophyticus isolate
Yale 2018 (single
contaminant)

48

ACBC isolate Yale 2018
+ S. saprophyticus isolate
Yale 2018 + L.
adecarboxylata (mixed
co-contaminants)

24

PR PAS
platelet 6

ACBC isolate Yale 2018
(single contaminant)

36

L. adecarboxylata (single
contaminant)

36

S. saprophyticus isolate
Yale 2018 (single
contaminant)

48

ACBC isolate Yale 2018
+ S. saprophyticus isolate
Yale 2018 + L.
adecarboxylata (mixed
co-contaminants)

36

Abbreviation: PR PAS, pathogen-reduced platelet additive solution.
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platelets.10,11 In these retrospective studies, the risk
associated with moderate to severe sepsis begins at
105–106 CFU/ml.

Separate studies not covered in this report show that
the very high level of specificity of PGDprime12 (no repeat
reactive or false positive result in 3800 confirmed negative
non-PR platelet units of various types) has not been
compromised by the inclusion of the new antibody. In
new specificity studies of the updated test with the
Acinetobacter antibody, no repeat reactive (false positive)
results were observed in 1100 non-PR platelet units. No
other performance parameters have been affected.

4.2 | Detection of ACBC,
S. Saprophyticus, and L. adecarboxylata in
PR platelets

In both reported morbidity and mortality events associ-
ated with post-treatment contamination of PR PAS plate-
lets, the PR platelet units were transfused into the patient
on the 5th day after collection. Since PR treatment is per-
formed within the first 24 h after collection, transfusion
would have occurred on the 4th day or >72 h after patho-
gen reduction. In our simulation, the time of inoculation
represents the start of the post-PR treatment period. The
timeline associated with the potential exposure of a 5-day
PR platelet is shown in Figure 2.

Assuming contamination was a post-PR treatment
event, the levels of Acinetobacter in a contaminated bag
would have reached high titers associated with potential
sepsis in the reported events within the ≥72 h period after
treatment. A capable rapid test run within 24 h prior to
transfusion may have enabled interdiction of those con-
taminated units. In our simulation, PGDprime detected
ACBC, S. saprophyticus, and L. adecarboxylata either as
solo or mixed co-contaminants well under the 72 h period
after inoculation. In fact, using isolates of ACBC and
S. saprophyticus from a reported morbidity event, a reac-
tive assay result was observed at 24–36 h for mixed con-
tamination scenarios. Fadeyi et al.3 have suggested that in
the absence of any test for post-treatment contamination
of PR platelets, the use of a simple and rapid leak test for
microsized leaks could be utilized for detecting damaged
bags to avoid postmanufacture contamination from bag
defects.

5 | CONCLUSION

Inclusion of an antibody highly reactive to Acinetobacter
spp. has allowed the new version PGDprime rapid test for
bacteria in platelets to detect these strains. This updated
test can be used with a wide range of non-PR platelet
types.

In addition, we have demonstrated the feasibility of
using this rapid test with stored PR platelets on Days 3–5
after collection to detect ACBC and the other reported con-
taminants (note: Validation studies of the PGDprime test
for use with PR platelets have not yet been completed.
These studies include specificity, detection of other species,
interfering substances, and user guardbands). The rapid test
is a simple low-cost method that would confer additional
patient safety compared to current practice of transfusing
PR platelets without any means to detect post-treatment
contamination.
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