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Bacterial contamination of 
platelet products

• What is the prevalence of bacterial 
contamination of various platelet products?

• What bacterial species are found?
• What are the effects on patients of transfusing 

contaminated products?
• What has been done to date to decrease the 

risk of bacterial contamination?
• How effective have these measures been?
• What additional steps can be taken to further 

reduce the risk?



Transfusion-associated exposures

Brecher ME, Hay SN. Bacterial contamination of blood 
components. Clin Microbiol Rev 2005;18:195-204

Bacterial contamination



US Platelet Transfusions

• Over 3 million platelet units are transfused in the form of 1.8 million 
apheresis units and 0.26 million pools (approx 0.1 million pooled at 
production, and 0.16 million at issue)

• Bacterial contamination rates are similar for apheresis and whole-
blood derived units pooled at issue, with contamination rate per
transfusion 4–6-fold higher for pool transfusions

• Estimated that over 500 bacterially contaminated apheresis units 
and a similar number of RDP units are transfused each year

• The fatality rate associated with bacterial contamination of platelets 
is estimated to be ∼2 deaths per million units transfused (∼ 6 deaths 
per year)

• The rate of septic transfusion reactions is estimated to be 10–13 
cases per million units transfused (30–40 cases per year)

Niu MT, et al. Transfus Med Rev 2006; 20:149–57 Whitaker BI, Sullivan M. http://www.aabb.org/apps/docs/05nbcusrpt.pdf
Morrow JF, et al JAMA 1991; 266:555–8. Kuehnert MJ, et al. Transfusion 2001; 41:1493–9.
Eder AF, et al. Transfusion 2007; 47:1134–42. Jacobs MR, et al. Transfusion 2011; 51:2573-82



Buchholz, DH, et al. Detection and quantitation of bacteria in platelet products stored at 
ambient temperature.  Transfusion 1973, 13:268
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Contaminated pools, June 27 - July 31, 1991
University Hospitals Case Medical Center, Cleveland

Zaza S, Tokars JI, Yomtovian R, et al. Bacterial contamination of platelets at a university hospital: 
increased identification due to intensified surveillance. Infect Control Hosp Epidemiol 1994;15:82-7.1

ALL, acute lymphocytic leukemia
BMT, bone marrow transplant

Bacillus cereus
2e6 CFU/ml

RigorsBMTALL47/M

Staph. epidermidis
2.5e8 CFU/ml

NoneDialysisRenal 
failure

83/F

Bacillus cereus
7e7 CFU/ml

RigorsBMTCancer43/F

Ps. aeruginosa
1.8e8 CFU/ml

Rigors, hypo-
tension, death

BMTCancer22/F

OrganismPresentationTreatmentDiagnosisAge/
Sex



0

1

2

3

4

5

6

7

8

9

10

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

N
o.

 o
f c

as
es

Coag-neg. staphylococcus Pseudomonas aeruginosa
Bacillus cereus Staphylococcus aureus
Serratia marcescens Streptococcus bovis
Viridans group streptococcus VGS+CoNS
Staphylococcus lugdunensis Acinetobacter baumannii

Bacterial contamination of platelets UHCMC 
Cleveland 1991-2011  N=75

Yomtovian R, et al. Transfusion 2006;46(5):719-30.  Jacobs MR, et al. 2008. Clin Infect Dis 46(8):1214-20. 
Yomtovian R, et al.  AABB 2011 abstract SP410 Jacobs MR, et al. Transfusion. 2011, 51:2573-82
Updated to 2011
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3046186TOTAL
1Anaerobe (Eubacterium)

2Ps aeruginosa
2162Enterobacteriaceae
12Bacillus sp
6212Streptococcus sp

20354Staph, coagulase-neg.
1462Staph aureus

ApheresisPoolApheresisPool

Cleveland active surv.
1991-2011

FDA fatalities
2005-2011

Bacterial species associated with 
contamination of platelets

Fatalities Reported to FDA Following Blood Collection and Transfusion Annual Summary for Fiscal Year 2011 
http://www.fda.gov/downloads/BiologicsBloodVaccines/SafetyAvailability/ReportaProblem/TransfusionDonationFatalities/UCM300764.pdf
Yomtovian R, et al. Transfusion 2006;46(5):719-30.  Jacobs MR, et al. 2008. Clin Infect Dis 46(8):1214-20, updated to 2011



Detection of Bacterial Contamination of Platelets by 
Active versus Passive Surveillance, Cleveland

Bacterial culture at issue (1991-2006)

Surveillance Active 
(n=102,998)

Passive
(n=135,885)

Odds Ratio
(95% C.I.)

Bacterial 
contamination 50 2

32.0
(8.0-135.0)

Sepsis 16 2
10.6

(2.4-45.9)

Death 1 1
1.3

(0.01-21.1)

10

Jacobs MR, Yomtovian R  CID 2008; 46:1217

1: 2,060 1: 67,942

1:6,437 1:67,942



Age of unit

Sepsis from Bacterial Contamination of 
Platelets – age of platelet units

Jacobs MR, Yomtovian R  CID 2008; 46:1217 Benjamin R. Personal communication 2012

Changing outdate to 4 days will decrease but not 
eliminate septic and fatal reactions

Changing outdate to 4 days will decrease but not 
eliminate septic and fatal reactions

UHCMC, Cleveland, 1991-2006

ARC apheresis units 2007-2011

To be presented by Dr Richard Benjamin



Bacterial contamination at time of transfusion
Apheresis platelets UHCMC Cleveland 1999-2011

Yomtovian R, et al. Transfusion 2006;46(5):719-30.  Jacobs MR, et al. 2008. Clin Infect Dis 46(8):1214-20. 
Yomtovian R, et al.  AABB 2011 abstract SP410 Jacobs MR, et al. Transfusion. 2011, 51:2573-82
Updated to 2011
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RDP pools
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Yomtovian R, et al. Transfusion 2006;46(5):719-30.  Jacobs MR, et al. 2008. Clin Infect Dis 46(8):1214-20. 
Yomtovian R, et al.  AABB 2011 abstract SP410 Jacobs MR, et al. Transfusion. 2011, 51:2573-82
Updated to 2011

Prepooled
platelets 

introduced

Units leukoreduced at production were tested in this study 
– there is some evidence that contamination rates are 
lower in units leukoreduced near time of use



• Early culture of 
apheresis units appears 
to be effective at 
intercepting most Gram 
negative contaminants 
but has not effectively 
addressed Gram 
positive contaminants

• Early culture of 
apheresis units appears 
to be effective at 
intercepting most Gram 
negative contaminants 
but has not effectively 
addressed Gram 
positive contaminants

2005-2010:

Fatalities Reported to FDA Following Blood Collection and Transfusion 
Annual Summary for Fiscal Year 2011 
http://www.fda.gov/downloads/BiologicsBloodVaccines/SafetyAvailability/
ReportaProblem/TransfusionDonationFatalities/UCM300764.pdf

2011 Pool: S aureus (1); APH: M morg (1), K pneumo (1)

Transfusion-Transmitted Fatalities Due to Bacterial 
Contamination of Platelets, USA 1995 to 2011 
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Bacterially contaminated platelets transfused UHCMC 1991-2011 
N=65
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Jacobs MR, Good CE, Lazarus HM and Yomtovian RA. Relationship between bacterial load, species virulence, and transfusion reaction with 
transfusion of bacterially contaminated platelets. Clin Infect Dis 2008;46:1214-20

Updated to 2011

Bacterial load ≥105 vs. <105 cfu/ml:
Any reaction: OR 4.0 (1.5-5.8)
Severe reaction: OR >34

More- vs. less-virulent species:
Any reaction: OR 3.5 (1.9-6.2)
Severe reaction: OR 8.5 (2.0-36.6)

Age – 5 vs <5 days:
Any reaction: OR 1.4 (0.74-2.7)
Severe reaction: OR 0.85 (0.23-3.1)



Early detection in apheresis platelets by 
culture at 24 h compared with detection at 

issue or outdate

How effective has culture of 
apheresis collections at 24 h been 
in detecting bacterial 
contamination?

How effective has culture of 
apheresis collections at 24 h been 
in detecting bacterial 
contamination?



Sensitivity of culture at production vs day 4 vs
outdate – Murphy study

Murphy WG, et al. Vox Sang 2008;95(1):13-9.

Confirmed positives

All positives

Incidence per million units

312 329 324 302
845

10

100

1000

10000

Day 1
apheresis
4/12,823

Day 1 pooled
10/30,407

Day 1 all
14/43,230         
(5 anaerobes)

   Day 4 all   
1/3,310             
(0 anaerobes)

Outdate all
7/8,282            
(3 anaerobes)

Incidence per million units

936 756 810 1208
2173

10

100

1000

10000

Day 1
apheresis
12/12,823

Day 1 pooled
23/30,407

Day 1 all
35/43,230

Day 4 all     
4/3,310

Outdate all
18/8,282



Murphy WG, et al. Vox Sang 2008;95(1):13-9.

Sensitivity of culture at production vs
day 4 vs outdate –Murphy study
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Sensitivity of culture at production vs outdate 
– Pearce study

Confirmed positives

Conf pos excl. anaerobes

Pearce S, et al. Transfus Med 2011;21(1):25-32.
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Detection per million units
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Dumont, L. J., et al. 2010. Transfusion 50:589-99 Murphy WG, et al. Vox Sang 2008;95(1):13-9.
Eder AF, et al. Transfusion 2009;49(8):1554-63. Yomtovian R, et al.  AABB 2011 abstract SP410
Pearce S, et al. Transfus Med 2011;21(1):25-32.
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Testing at issue or outdate – apheresis
platelets

Incidence per million units
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Jacobs MR, et al. 2008. Clin Infect Dis 46(8):1214-20 Yomtovian R, et al.  AABB 2011 abstract SP410
Jacobs MR, et al. Transfusion. 2011 Aug 29. 51:2573-82 Pearce S, et al. Transfus Med 2011;21(1):25-32.



Sensitivity of culture at production
vs outdate or at-issue

Murphy WG, et al. Vox Sang 2008;95(1):13-9. Pearce S, et al. Transfus Med 2011;21(1):25-32.
Blajchman MA, et al. Transfus Med Rev 2005;19(4):259-72. Dumont, L. J., et al. 2010. Transfusion 50:589-99
Yomtovian R, et al.  AABB 2011 abstract SP410
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Growth of bacteria in platelets based on one viable 
organism in a 400 ml unit (0.0025 organisms/ml)
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culture volume at 24 h Palavecino, E. L., R. A. Yomtovian, and M. R. Jacobs. 2010. Bacterial 

contamination of platelets. Transfus Apher Sci 42:71-82.

Generation time 
of most bacteria 
in platelets at 22C 
is 1-4 h



Additional steps to further reduce risk

Palavecino, E. L., R. A. Yomtovian, and M. R. Jacobs. 2010. Bacterial 
contamination of platelets. Transfus Apher Sci 42:71-82.

1. Prepool and culture whole-blood derived platelets to bring 
their level of testing up that of apheresis platelets – but this 
does not address the residual risk in these or in apheresis
units

2. Optimize culture volume and conditions to improve 
sensitivity of early culture - gains will be limited due to 
sample timing and volume issues

3. Improved monitoring of patients receiving platelets and 
awareness of septic reactions to improve detection of 
cases and allow interdiction of co-components

4.4. Day of transfusion testing by hospital transfusion services Day of transfusion testing by hospital transfusion services 
with a rapid test with a rapid test –– but what is its clinical efficacy? but what is its clinical efficacy? 

5. Pathogen Inactivation – not available, and its safety, 
efficacy and cost-effectiveness still need to be determined



Effect of Inlet-line Diversion and 
skin prep on BacT/ALERT Cultures
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Limitations of Culture Testing
Sampling IncubationTarget

Captured

Sampling Incubation

Target
Missed

OR

POSITIVEPOSITIVE

FALSE NEGATIVEFALSE NEGATIVE

Too few targets to 
reliably capture a bug in 

sample

26



Modelling the effect of concentration on bacterial detection when a 300 mL unit is 
contaminated with 0-300 CFUs (0-1 CFU/mL). The figure shows the probability curves 

for an 8-mL sample divided into two culture bottles.

Benjamin, R. J., and S. J. Wagner. 2007. The residual risk of sepsis: modeling the effect of concentration on bacterial detection in two-bottle culture 
systems and an estimation of false-negative culture rates. Transfusion 47:1381-9.

Limitations of Early Culture Testing

concentration (CFU/300 mL unit)
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Probability of a single viable bacterium in 
an 8 ml sample of a 300 ml product:

100%   0.6 CFU/ml       ∼180 CFU/product
90%     0.28 CFU/ml     ∼80 CFU/product
50%     0.09 CFU/ml     ∼27 CFU/product
25%     0.04 CFU/ml     ∼1 CFU/product



Early culture methods – volume and use 
of anaerobic bottles

Palavecino, E. L., R. A. Yomtovian, and M. R. Jacobs. 2010. Bacterial 
contamination of platelets. Transfus Apher Sci 42:71-82.

Eder et al Transfusion 2012, 52:S3,12A-13A (abstract P5-030A).

1. Increasing volume cultured and using aerobic and 
anaerobic bottles increase yield of 
aerobic/facultative bacteria

2. However, use of anaerobic bottles detects 
anaerobes, predominantly Propionebacterium
acnes, which is of no clinical significance

3. Using a fixed culture volume of 8-10 ml, detection 
rate was HIGHER for triple collections compared to 
single or double collections in ARC study

4. Sepsis rates were higher based on size of 
collection, but similar based on distributed units



Detection of bacterial 
contamination in prestorage culture 
negative apheresis platelets on day 
of issue with the PGD test

Jacobs, M. R., D. Smith, W. A. Heaton, N. D. Zantek, C. E. Good and PGD Study Group. 
Detection of bacterial contamination in prestorage culture-negative apheresis platelets on 
day of issue with the Pan Genera Detection test.  2011.  Transfusion 51:2573-82



Multi-site Study of 27,682 Doses Using 
the Verax Pan Genera Detection Assay

• Study performed at 18 study sites by over 160 technologists 
on apheresis units previously tested by early culture 
(BacT/ALERT or eBDS) and released as culture negative

• Positive PGD results repeated in duplicate and aerobic and 
anaerobic plate cultures performed

• The sample size required to detect approximately 10 PGD 
true positive doses was estimated to be between 22,830 
and 50,000 doses based on rate for units with bacterial 
loads of >10e5 CFU/mL being 438 per million units 
(1:2,283)*

• Concurrent aerobic plate cultures were also performed on 
10,430 units at three of the study sites

*Jacobs, M. R., et al. 2008. Clin Infect Dis 46:1214-20



Verax Pan Genera Detection (PGD) Assay
• Single-use, qualitative test for the 

detection of aerobic and 
anaerobic Gram positive and 
Gram negative bacteria

• Detects the presence of 
conserved bacterial surface cell 
wall antigens, lipoteichoic acid 
and lipopolysaccharide, using 
specific antibodies

Verax Insert P00583 Rev. D Nov 09

Analytic sensitivity in LRAP
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• Reactive (R) = ≥ 2 of 3 PGD tests were Reactive

• False Positive (FP) = any R PGD result not confirmed positive by
culture

• True positive (TP) = Reactive (R) PGD result with bacterial 
contamination confirmed by culture

• True Negative (TN) = PGD Non-reactive (NR) result on culture-
negative sample*

• False negative (FN) = PGD Non-reactive (NR) result on culture-
positive sample*

*only applicable to sites performing concurrent culture

Definitions

Jacobs, M. R., et al.  2011.  Transfusion 51:2573-82.



Results

Valid PGD test resultsValid PGD test results
N=27,620N=27,620

Reactive Reactive 
N=151N=151

Culture at 3 sitesCulture at 3 sites
N=10,344N=10,344

NonNon--reactive reactive 
N=27,469N=27,469

Culture Culture 
PositivePositive

N=9N=9

Culture Culture 
NegativeNegative

N=142N=142
Culture Culture 
PositivePositive

N=2N=2

Culture Culture 
NegativeNegative
N=10,342N=10,342

Jacobs, M. R., et al.  2011.  Transfusion 51:2573-82.



Platelet Bacterial Contamination Detection by 
Platelet PGD Test – true positive results

Bacterial species 
isolated by culture at 

issue

Age of unit 
(days)

Confirmation 
method

Bacterial load 
(CFU/ml)

Transfusion 
status

Bacillus sp; P. acnes 3 BC NT Not Tx
CoNS 3 PC, GS NT Not Tx
CoNS 3 PC, GS NT Not Tx
Enterococcus faecalis 3 PC, GS NT Not Tx

CoNS; Peptostrep 4 PC,  BC, GS NT Not Tx

CoNS 4 PC NT Not Tx
CoNS 5 PC, GS 1.3 x 10e6 Tx – no rxn
Bacillus sp. 5 PC, GS 1 x 10e7 Not Tx

CoNS 5 PC, GS 1.2 x 10e7 Tx – septic 
shock*

BC = broth culture; PC = plate culture;              
GS = Gram stain
NT = Not Tested for quantity
* documented bacteremia with same organism

split unit



Frequency of Contaminated Units with 
Platelet Age

Description
Platelet Age (Days)

Total
≤2 3 4 ≥5*

Number Units Tested
(% of Total Tested)

4,036
(15%)

8,375
(30%)

6,660
(24%)

8,549
(31%)

27,620

True positive PGD 
Test 0 4 2 3 9

* Doses tested on day 5 or shortly after expiration 

Jacobs, M. R., et al.  2011.  Transfusion 51:2573-82.

6 of 9 positives were in 3 and 4 day-old platelets6 of 9 positives were in 3 and 4 day-old platelets



Platelet Bacterial Contamination Detection by 
Platelet PGD Test – false negative results

Bacterial species 
isolated by culture at 

issue

Age of unit 
(days)

Confirmation 
method

Bacterial load 
(CFU/ml)

Transfusion 
status

Streptococcus oralis 5 PC, GS 2 x 10e7 Septic 
Reaction*

CoNS 5 PC 4 x 10e2 No Reaction

PC = plate culture;  GS = Gram stain * documented bacteremia with same organism

Platelet Bacterial Contamination Identified by 
Passive Surveillance

Bacterial species 
isolated by culture at 

issue

Age of unit 
(days)

Confirmation 
method*

Bacterial load 
(CFU/ml)

Transfusion 
status

Streptococcus   
sanguinis 5 GS -/+, BC NT

Allergic, 
nonfebrile
Reaction



• Retest applying the “Rule of Three”
• Further testing of positives would enable false positive 

units to be used - suggested options
– Gram or Acridine orange stain of cytospin

• Would detect 10e4 to 10e5 CFU/ml
• Would take about an hour to perform

– BacT/ALERT or eBDS culture
• Transfuse slowly with antibiotic coverage if there are no 

other units available or unit is HLA-matched
• Improvements are in development, including simplified 

test procedure, improved sensitivity using larger gold 
particles, improved range of bacteria detected and 
reduced false positives

Addressing false positive PGD tests



•• This is the most successful detection and This is the most successful detection and 
interdiction of bacterially contaminated interdiction of bacterially contaminated 
platelet doses reportedplatelet doses reported

• The detection rate can be extrapolated to 
detection of 326 contaminated units per million 
doses or approximately 550 contaminated 
units/year in the US apheresis platelet supply

• Interdiction of 550 contaminated units has the 
potential to prevent over 300 significant 
transfusion reactions and several fatalities per 
year

Conclusions

Jacobs, M. R., et al.  2011.  Transfusion 51:2573-82.



Bacterially contaminated platelets transfused UHCMC 1991-2011 
N=65
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55% (16/29) of contaminated 
units with >10e5 CFU/mL of 
Gram positive bacterial species 
result in transfusion reactions

55% (16/29) of contaminated 
units with >10e5 CFU/mL of 
Gram positive bacterial species 
result in transfusion reactions



Jacobs, M. R., et al.  2011.  Transfusion 51:2573-82

THE  NUMBER  OF  DOSES  STUDIED  IS  SIMILAR  TO  THE  NUMBER 
OF  APHERESIS  TRANSFUSIONS  EVERY  WEEK!

THE  NUMBER  OF  DOSES  STUDIED  IS  SIMILAR  TO  THE  NUMBER THE  NUMBER  OF  DOSES  STUDIED  IS  SIMILAR  TO  THE  NUMBER 
OF  APHERESIS  TRANSFUSIONS  EVERY  WEEK!OF  APHERESIS  TRANSFUSIONS  EVERY  WEEK!



Incidence per million units
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Jacobs MR, et al. 2008. Clin Infect Dis 46(8):1214-20 Yomtovian R, et al.  AABB 2011 abstract SP410
Jacobs MR, et al. Transfusion. 2011, 51:2573-82
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Detection rates increased by 
testing at later time points

Detection rates increased by 
testing at later time points

PGD study: Cultured subset: N=10,344, 5 culture positive (any titer); 4 culture positive at 
≥104 CFU/mL LoD; 3 detected by PGD Test

PGD study: Non-cultured subset: N=17,276, 6 detected by PGD Test; 1 detected by passive 
surveillance



Testing requirements

AABB Interim Standard
• 5.1.5.1 The blood bank or transfusion service shall have methods to 

limit and to detect or inactivate bacteria in all platelet components. 
Standard 5.6.2 applies.

• 5.1.5.1.1 Detection methods shall either be approved by the FDA or 
validated to provide sensitivity equivalent to FDA-approved 
methods.

• Effective date January 31, 2011. 
FDA approved methods for apheresis and pools 

include BacT/ALERT, eBDS and PGD Test, and 
BacTx for pools – BUT no guidance is provided on 
when or how to use these tests, and none are 
approved as RELEASE tests



Conclusions
• What is the prevalence of bacterial contamination of various platelet products?

Current US platelet supply: >600/year in apheresis units and >400/year in 
pools

• What bacterial species are found?
Predominantly staphylococci and a few streptococci, but Gram negatives, 
when they occur, are highly virulent

• What are the effects on patients of transfusing contaminated products?
Sepsis, which can be fatal, in about two-thirds of patients receiving units 
containing bacterial loads of >105 CFU/mL

• What has been done to date to decrease the risk of bacterial contamination?
Diversion, skin prep, early culture, prepooling WBD units, testing at-issue

• How effective have these measures been?
Prevalence in apheresis units has decreased by about a third

• What additional steps can be taken to further reduce the risk?
Shorten outdate – not practical: ∼8% currently outdate at 5 days
Pathogen reduction – not yet available
Retest by culture midway during storage - impractical
Use at-issue test - proven





Backup slides



Transfusion reaction grading system

Jacobs MR, Good CE, Lazarus HM and Yomtovian RA. Relationship 
between bacterial load, species virulence, and transfusion reaction 
with transfusion of bacterially contaminated platelets. Clin Infect Dis 
2008;46:1214-20



Bacterial load and transfusion reaction
Apheresis and random donor units
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Jacobs MR, Good CE, Lazarus HM and Yomtovian RA. Relationship 
between bacterial load, species virulence, and transfusion reaction 
with transfusion of bacterially contaminated platelets. Clin Infect Dis 
2008;46:1214-20



Bacterial load and transfusion reaction
Virulence of contaminant

0 1 2 3 4 5 6 7

Reaction grade

B
ac

te
ria

l c
ou

nt
 (c

fu
/m

l) 

Staphylococcus epidermidis

Staphylococcus aureus

Staphylococcus lugdunensis

Staphylococcus warneri

Viridans group streptococcus

Streptococcus bovis

Bacillus cereus

Pseudomonas aeruginosa

Serratia marcescens

None FatalMild Life-
threatening

SevereModerate
0

10

102

106

105

104

103

109

108

107

1012

1011

1010

More virulent species

More- vs. less-virulent species:
Any reaction: OR 3.5 (1.9-6.2)
Severe reaction: OR 8.5 (2.0-36.6)

Jacobs MR, Good CE, Lazarus HM and Yomtovian RA. Relationship 
between bacterial load, species virulence, and transfusion reaction 
with transfusion of bacterially contaminated platelets. Clin Infect Dis 
2008;46:1214-20



Detection by Gram stain, prospective, N=16,477
University Hospitals Case Medical Center, 1991-1999

101

103

105

107

109

1011

negative rare 1+ 2+ 3+ 4+

B
acterial count (C

FU
/m

L) 

Gram stain result

B
ac

te
ria

l c
ou

nt
 (C

FU
/m

L)
 

Interdicted
Not interdicted

Serratia

S. aureus

Viridans strep.

Datapoints not labeled are 
coagulase negative staphylococci

Yomtovian RA, Palavecino EL, Dysktra AH, et al. Evolution of 
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platelets in a university hospital, 1991 through 2004. Transfusion 
2006;46:719-30


