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Quantitative Real-time PCR Assay far Trypanosoma cruzi

T-H Lee' (BJohnson@ bloodsystems.org), E Sabino?, L Montaive®, L Wen?,
O Chafets®, B Custer®, Michael P BuschY, for the Relrovirus Epidemioiogy
Donor Studies-Il (REDS-II) International®. '*Fundacao Pro Sangus, Sao
Paulo, BrazilBloodsystems Research Institute, CA;*Blood systems
Research Institute, San Francisco, CA*Blood Systems Research Institute,
San Francisco, CA*Blood Systems Research Instifute, San Francisca,
CA.’Blood Systems, Inc.;& Blood Systems Research Institute, San
Francisco, CABlood Syslems Rasearch Institute, CA.

Background: Trypancsoma cruzi Infects about 18 million people, and
resuits in 50,000 deaths from Chagas disease annually, primarily in Latin
America. Lalin American blood donors in the US may harbor chronic T, cruz/
infection and be potential reservoir of T. cruzitransmission by blood transfu-
sion. US blood centers began denor screening for 7. cruzi antibody (Ab) in
early 2007 and have identified hundreds of seropos blood donors. Our
objective was to develop a sensitive assay lor 7. cruzi parasite detection
and quantitation in whole biood (WB) samplas from seropos donors. Tha
assay is also needed for studies of T. cruzl transfusion-transmission and
disease pathogenesis. Methads: Trypomastigotes of T. cruzi, grown In
culture, were harvested, counted, and spiked into fresh WB to create
samples containing 8, 4, 2, and 1 parasite/20 mL WB. Lysis ol parasiies was
performed by adding 20 mL of Guanidium-EDTA lysls butfer (6M Guanidine
HCI with 0.2M EDTA, pHB.0) to 20 mL WB and vortexing. The lysed WB
was healed at 100G for 15 mins to disantangle minlcircls kinetoplast DNA
present at -10,000 copies/parasite. Tolal ONA was prepared from 0.4 mL
of the lysale by precipitating hemoglobin and inhibllors. Parasitic DNA was
captured by T. cruzi specilic oligonucleotide probes bound to magnelic
beads. After being eluted from the beads, parasite DNA was amplified by
real-time {RT)-PCR with SyBr green dye & an optimized buffer system using
a T. cruzl kinetoplast DNA specific primer pair (Tc-121/Tc-S36). Results:
Table summarizes RT-PCR resulls for § replicate amplifications of the
splked dilulion series. A single parasite in 20 mL W8 gave slrong signal (~10
cycles balow 45-cycle cutoff) & good precision quantitation of up to 8 para-

sltes. We tested 27 coded specimans from T. cruzi Ab-reactive donors: 2/7

RIPA(+} and 0/20 RIPA(-) donors tested PCR{+); the 2 pos donors had -1

(28.6%) or 2/51,298 (0.004%) RIPA positive results were from lirst-time
donors. Look-back was perfarmed on the 5 RIPA positive repeat doniars and
involved 75 transfusabie bloed components (70 were transfused, 2 dis-
carded and 3 no information was provided). There were no reports of
recipients of the 70 transtused blood components testing reactive for anti-
bodles to T cruzi Concluslons: At our blood center, the introduction of
lesting for T. cruzi prevented {ransfusion of a small number of units thal
conlirmed positive for the pi of Look-back revealed no
reports of |ranslu5|on—transmission of T. cruzi from previously donated
untested units,

Disciosure of Conflict of Interest
Richard Gammon, Michael Pratt: Nothing to Disciose
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A Fatal Case of Tr Tt 1 B losis In the State of
Delawars

¥ Zhao' (foeardeli@ dclp.com). K Love?, S Hall’, F Beardeli'. 'Christiana
Care Health System, Newark, DE?Chrisliana Care, Newark, DE?DCLP,
Newark, DE"Dolaware Clinical and Laboratory Physicians, PA, Newark,
DE.

8ackgraound: Babesiosis is an emerging zoonolic disease caused by
Intraarythrocytic protozoa. Although the diseass Is usually transmitied by
tick bite, there has bean an increase in the number of transfusion-transmit-
ted tases reported. This report describes a fatal case of transfusion-trans-
mitled babesiosls in Delaware. Case Report: The patlent was a 43-year-old
Caucastan woman with history of transtusion-depsndent Diamond-Blackfan
Syndrome, hepatitls C, pulmonary hypertension and spleneclomy. She had
been receiving two units of RBCs every 2 weeks. She presented on 1/9/08
with fever, chllls cough and Ia(lgue. and was treated with antibiotics inltlatly
for p: of the peripheral blood smears
revealad numerom lnlrasrythrocyﬂc ring forms, conslslent with Babesia,
The di of was by positive poly chain

parasite/20 mL WB, Conclusion: We can detect single 7. cruzi p n
20 mbL WB wilh this sensillve quantiiative RT-PCR assay. ‘Additional T, cruz/
seropos donor Licod samples from the US, Argentina, Honduras & Brazll
are being coftected for analysis,

#of T crudi Spiked Into 20 mL Whale Blood
n=5 ] 4 2 1 Q
Mean Cp  31.4 (20.5) 32.64 (x0.1) 33.48 (.01} 15.18 (+~0.0) A5
{2STHY
4 ane unit change in Cp 1 a real-time PCR assay is expecied to equate to an - doubling
of parasite toad. Qur assay perforns as expected in the range of 1-8 parasites,

Disclosure of Confiict of Interast

Tzong-Hae Lee, Ester Sabino, Lani Montalvo, Li Wen, Danlel Chafets,
Brian Custer, Michael P. Busch, for the Retrovirus Epldemiology Donor
Studies-1} (REDS-1I): Nothing to Disclose
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Screening for Trypanosoma cruzi in the Blood Donor Setting

R Gammon' (mprali@ floridasbloodcenters.org), M Pratt’. 'Flarida’s 8lood
Centers, Orlando, FL.

Background: Our bicod donor center recently began testing for antibodies
1o the agent thal causes Chagas' Disease (Trypanosoma cruzi). We
raviewed incidence among our current blood donor pepulation and all Iook-

reaction (PCR} for B. microti DNA and high filer of anhbady to B. microti
(1:2048). Despile aggressive therapy g Cii ycin and Quinine,
the patient's condition rapidly deteriorated wllh mulll—lys\em organ tallure
and she expired 3 days afler admission. The palient resided In Delaware
and had no history of tick bites or recent travel history outside Delaware.
Thirteen implicated donors were subsequently tested for B. microtl. All tested
donors ware negalive by PCR tfor 8. microti. Howsver, one of them had a
significantly elevated B. microti antibody tter (1:1024). This donor resides
in New Jersey and had recently traveled to Rhode Island. The donor has
no known history of tick bites or flu-like symptoms within the past 2 ysars.
The donor has not been’ diagnosed with Babesiosls, Lyme’s disease ar
Ehrlichiosls, and has never raceived a blood transfusion. The implicated
unll was donaled on 8/8/07, frozen, and transfused as a degiycerolized
unit on 11/27/07, 6 weeks prior to development of the patient's symptoms.
Conclusk This case the need to review peripheral blood
smears in fabrile, Immunocompromised patienls who have been recently
transfused. Prompt recogniion and treatment are imporant, as Babesia
intections can be severe or fatal in spier and/or immur

mised palients. It also illustrates the need for better strategies, including
more senshive, specific and rapid screening tests, to prevent transfusion-
transmitted babesiosis.

Disclosure of Conflict of Interest

Yong Zhad, Ken Love, Scott Hall, Frank Beardell: Nothing to Disclose
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back cases to delermine If there were any reports of t: ion-1r
Trypanosoma cruzi. Methods: At our center all aliogeneic and autologous
donations were lested tor antibodles to 7. cruzi using a US Food and Orug
Administration licensed enzyme immu (E1A) mett i Those
donations thal were repeat reactlve (RR) on EIA were sent for an unlicensed
confirmatory radioimmunoprecipitation assay (RIPA). In accordance with
AABB Assoclation Buflelin 06-08 donors AR on EIA were indefinitely

is T through Blood Transfusion: Recent Fatality
Reports Aegeived by FDA

D Gubernot' (robed. wise® fda.hhs.gov), C Lucey?, K Lee*, G Conley’,

L. Holness®, R Wise®. 'FDA/CBER, Rockville, MD>FOA/CBER/OBRR/
DETTD, Rockville, MD;*Food & Drug Administration, Rockville, MO?FDA/
CBER/Office of Compliance & Blologics Quality, Rockville, MD;**Food and

deferred and natified of resutts. Look-back was performed on those donors
who tested RIPA pasliive and included all elecironic donor records available,
Results: From 7/30/07-3/15/08 222,059 donations (212,505 whole blood,
7,520 autologous, 2,034 directed and of which 51,298 were first-lime donors)
were lested by EIA for anti-T. cruzii 16/222,059 (0.007%) donations were
EIA RR donations. Contimmatory RIPA resulls were as fofiows: 7/16 (43.75%)
or 7/222,05% (0.003%) were posilive and 9/16 (56.25%) were negative. 2/7

Drug Admini; ion, Rockville, MD.

Background: Babssiosis is a known transtusion-transmitted disease risk,
with no licensed donor screening assay. There ate estimates that 70 trans-
fusion-transmitted cdses have occurred from 1979 through 2007. This
research evaluated the magnitude and. characteristics of Babesla-relaled
transfusion events raported to the Food and Drug Administratlon (FDA) with
focus on the recent transtusion-related babesiosis fatality reports and a

122A SCIENTIFIC SECTION © TRANSFUSION

summary of Biologica! Product Deviation Reports (BPDRs} submitted to the
FDA. Methods: Data were coliected by querying thres FDA suiveillance
systems for reports received within the past decade: Blood Coliaction and
Transfusion Fatality Reporiing, the MedWatch. Program, and BPDRs.
Resuits: Belween January and October 2006, the FDA received five trans-
fusmndelaled babesiosis fatality reports after only one prior raport in 1598.
d with sympts 4 to 7 weeks after iransfusion of impli-
cated bload units, and all ware Infected with Babesia microtl. No MedWatch
reparl was received, however 68 Babesia-relaled BPDRs aver the past
decade, with increasing numbers in more recent years, suggest & rising risk
{for transfusion-transmission from this parasite, Concluslons: The recent
tatality reports, along with growing numbers of BPDRSs, underscore babe-
siosis as a rare post-transfusion complication whose risk may be increasing.
Enhanced clinician of the ibility of fosls in febrile
transfusion reciplents may facilitate prompt diagnosis with more effective
treatment and timely invesligations to interdict extant infected units. Report-
ing of babesiosis donor and transfusion-related events assists the FDA in
assessing the scope of the risk and developing appropriate pubiic health
conirof measures. Disclaimer: The findings and conclusions in this abstract
have not been formally disseminated by the Food and Orug Administration
and should not be construed to represent any Agency determination or
policy.
Disclosure of Conflict of Interest
Dlane Gubernat, Charles Lucey, Karen Lee, Giliam Conley,
Leslie Holness, Robert Wise: Nothing to Disclose
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of Candi Reeatry Prop for Babesia microti

Infection
R Cable' (lsibyd@ usa.redcross.org), § Johnson?, L Tonnetti®, D Laiby’.

2028-Val. 48 Supplement

TABLE 2. Evaluation of reentry schemes R
Reenlry scheme 1a 15 23 20

Eligible initially 116 116 139 139
Followed 1 year 85 55 7% 76
Reentered 42 47 55 64
% recmtered 76% 85% 72% 8d%
Scheme fallures® 2 3 2 3

* PCR pesitive samples following successtul reentry

Disclosure of Conflict of Interest
Ritchard Cable, Stephanie Johnson, Laura Tonnatti; Nothing to Discloss
David Leiby: Not Specified
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Seasonal and Geographlc Distribution of Babesia microt!
Seroprevalence in Connscticut Blood Donors: 2006 and 2007

S Johnson' (tonnel!i!@ usa.redcross.org), R Cable?, D Lalby’,

E V Tassell‘, L Tonnetli’, 'American Red Cross, Farmington, CT;
?American Red Cross Blood Services, New England Div, Farmington,
CT2Amsrican Red Cross, Rockville, MO Farmington.

Background: Babesia microtiis an inlraerythrocytic parasite, ransmitted by
Ixodes licks, that is found throughout the northeastern United States. 8
microliis also transmitted by blood transfusion, with aver 70 cases reported
to date. Individuals exposed lo the parasite may develop babesiosis, a
potentlally life threatening liness. Those at greatest risk for developing
serious disease include aspienic, elderly and immunocompromised indi-
viduals. Our blood center has been studying the presence of antbodies ta
B. microti In Connecticut blood donors since 1883, The purpose of this
analysls Is to provide data, and highlight the need, for the develop-
ment of methods lor screening the blood supply to improve blood salety.
Methods: Consenting blood donors are tested at select blood drives, A

Amarican Red Cross Blood Services, New England Div,
T3, ican Red Cross, f inglon, CT7, Red Cross,
Rockvilig, MD.

Background: B. microti (Bm) is a tick-borne rbc parasite which can be

transmitied by transtusion from chronically infected donors. tmplication in -

translusion babasiosis (TB} or clinical babesiosis (CB) requires permanent
donor deferral. As part of a muiti-year longitudinal research study in New
England, Bm sercposltive blood donors are deferred despite apparent clear-
ance of infection in many cases. We ‘evaluated several candidale donor
reentry proposals {Schemes) that also may be applicabie to donors with CB

donor is considered seroposilive when they test positive for B. microt/
antibodies by IFA (21:64), Beglnning in 2006 testing was conducted year
round and ingluded blood drives in all eight counlies of Connecticut. Results:
Seropositive individuals were identified in every county (Table 1), aithough
the two astern caunties {Mi and New London} each had sig-
nificantly higher seroprevalence rates when comparad to the remalning six
countles (p < 0.05 for both). Seropositive individuals were identlfied in every
month and seroprevalence varied month to manth but there was no appar-
ent seasonal patlarn. Conclusions: Seroprevalenca of 8. microt in Con-
necticut varies signilicantly by county, but every county had substantial

ce, 0.4% or grealer seropositive rate (40/10,000 donors). Sero-

or implicated in TB. Methods: Consenting blood donors were d by
IFA for Bm (positive 21:64) using retention tubes (index sampie). Consent-
ing positive donors agreed to provide subsequent samples at 1-2 month
intervals which were screened by IFA and nested- or RT-PCR, 18 donors
were released from study before 1 year after 3 consecutive negative bleeds.
45 donors dropped out and could not be evaluated. Study data were used
to evaluate 4 polential reentry Schemes based on the initial PCR result (<12
week after the initial IFA) and on the first IFA and PCR resuit 211 months
following the index sample (Table 1). Reentry fallure was defined as a PCR
positive samples following successful reentry. Results: 76/139 donors com-
pleted 1 year or more of follow-up and were eligible for assessmant using
the four candidate reentry Schemes (Table 2). All 43 eligible donars wilh
1FA titers <1:128 after the index sample couid be reentered. Only 21/33
(64%) donors with 1 or mare {FA titers >1:128 after the index sample could
be reentered. Requiring ali IFA titers to be $1:128 would eliminate only 1/3
Scheme failures, but would require multiple donor samples, Requiring 2
rather.than 1 year wait atter the seropositive screen would elimi the

posmve donors were identified in every month of the year, Based on these
results, using seasonal or geographic exciusion criteria to Interdict Babesia
from the blood supply would be an inefieclive approach. These data support
the need for developing elficlent methods for screening the bloed supply for
Babesia, and thereby improving biood safety.

TABLE 1. 2005 & 2007

Counly # Tested ¥ Positive Seroprevalence per 10,000 Denars
Faidield 1631 10 81
Harttord 2609 17 65
Lltchfisld 375 2 53
Middlesex 654 10 153
New Haven 1521 10 66
Hew Landon 1062 18 179
Toltand 418 3 72
Windham 252 1 40

observed Scheme faillures in all cases. However, this could not be fully
assessed because of limited follow-up. Conclusion: Reentry for Bm is

feasible using approaches similar to other TTD markers. Evaluated Schemes '

could reenter a significant portion of donors; however, there was a small,
but unacceptable fallure rate. In addition, 18 donors released from the study
before a year could also be considered for reeniry, bul there was no foilow-
up lto assess this approach. Sampliing beyond 1 year may be required to
develop an acceptable reentry Scherme. Such a Scheme could be uselul for
donor Q' it it Bm screening is impl, vied, and could afiow reentry
of donors implicated in T8 of recoversd CB.

TABLE 1. Reentry schemes

* Initial IFA lnitial PCR [FA 1 Year PCR 1 Year Other PCR
18 H Heg Neg All Neg
10 Neg Neg Any

23 Pos or NA Neg Al Neg
2 Pos or NA Neg Any

Dlsclosure of Conflict of Interest

Stephanie Johnson, Ritchard Cable, Eric Van Tassell, Lawra Tonnetii:
Nothing to Disclose

David Leiby: Not Specified
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Transtysion Transmitted Babesiosis In an |TP Patient;

A Case Report

Juan Merayo-Rodriguez’ (Ramon.kranwinkel® danhosp.org), R Duran?,
R Birusingh', J Stralidis', P Nee', R Kranwinkel®. 'Danbury Haspital,
Danbury, CT2Universily of Pennsylvania, Philadelphia, PASDanbury.

Our case is a 79 years ol male who presented to Danbury Hospital Emer-
gency Department (ED) complaining of fever and chills thal started a tew
hours earlier. The patient was discharged 2 weeks pror following -a Clos-
tidium difficite {C. diflicile} infection. On physical examination the patient
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BLOOD COMPONENTS

Bacterial contamination of whole blood-derived platelets: the
introduction of sample diversion and prestorage pooling with
culture testing in the American Red Cross

Richard J. Benjamin, Linda Kline, Beth A. Dy, Jean Kennedy, Patricia Pisciotto, Suneeti Sapatnekar,
Rachel Mércado, and Anne E Eder

BACKGROUND: Bacterial sepsis following whole
blood-derived platelet (WBP) transfusion has remained
a substantial patient risk, primarily due to a lack of
praclical and effactive means to limit or detect bacterial
contamination. We describe the risk of reported septic
reaclions to W8Ps and the introduction of prestorage-
pooled whole blood—derived platelets (PSPs) collected
using initial sample diversion and cultured for bacterial
contamination.
STUDY DESIGN AND METHODS: Product qualification
and quality control (QC) testing with the Acrodose PL
system (Pall Medical) were svaluated in four regionat

; ‘blood centers. Bacterial contamination risk was

tions 1o WBPs and by aerobic QC culture of leukore-
duced PSPs utilizing automated micrabial detection”
system cultures (BacT/ALERT 3D, bioMérieux).
RESULTS: Before implementing PSPs (January 2003-
December 2006), we distributed ‘2,535,043 WBP units .
and received 20 reports of septic reactions including

2 fatalities (7.8 per million {1:126,752) reactions and ’
0.79 per million [1:1,267,522] fatalities). In October
2006, PSPs. were effactively Implemented with a
product qualification success rate of 99.6 percent and
a mean yield of 4.0 x 10" piatelets (PLTs) per pool.
Whole blood collection sets with sample diversion tech-
nology were introduced during the operational trial and
decreased. the rate of confirmed-positive bacterial
culture of PSPs from 2111 (1:474) to 965 (1:1036) per
mitlion (odds ratio, 0‘46;' 95% confidence interval, 0.22-
0.95). No septic reactions to PSPs were repbrted
(25,936 PSP units distributed). .

CONCLUSION: Sample diversion and bacterial culture.
are effective methods to reduce bacterial risk with WBP
transfusion. Bacterial contamination of PSPs was
assessed at 5.8-fold our current rate for apheresis PLTs
utitizing comparable- culture protocols.

assessed by review of reported septic transtusion reac-

he introduction of the Food and Drug Adminis-

tration (FDA)-approved Acrodose PL system

(Pall Medical, East Hills, NY) for producing

prestorage-pooled, leukoreduced whale blood-
derived platelets (PSPs) now offers the possibility of
quality control (QC) bacterial culture testing of whole
blood-derived platelets (WBP) at the blood center, utiliz-
ing either the eBDS (Pall Medical} or the BacT/ALERT 3D
(bioMérieux, Durham, NC) culture systems.'? In addition
to providing a means to screen WBPs, the Acrodose PL
system offers the potential advantages of eliminating the
time and labor needed for point-of-issue pooling ut the
hospital transfusion service and reducing outdate rates,
because PSPs do not evoke a 4-hour outdate after pooling,
PSPs, however, carry a disadvantage that confirmed-
positive and indeterminate culture results lead o the
discard olnot only the {inal pooled product, but slso to the
retrieval and discard of all the associated red blood cell
(RBC) and plasma products from the original whole blood

ABBREVIATIONS: PSP(s) = prestorage-poaied whole blood-
derived platelet(s); WBP(s) = whole blood-derived platelet(s).

From the National Headquarters, American Red Cross,
Washington, DC; the Jerome H. Holland Laboratory, American.
Red Cross, Rockville, Maryland; the Connecticut Region, Amneri-
can Red Cross, Farmington, Connecticut; and the Northern
Qhio Region, American Red Cross, Cleveland, Ohio.

Address reprint requests to: Richard ], Benjamin, MD, PhD,
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2025 E Streets NW, Washington, DC 20006; e-inail: BenjaminR@
USA Redcross.org.
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PRESTORAGE POOLED PLTs AND BACTERIAL CULTURE TESTING

collections, because the single implicated WBP compo-
nent in the paol is generally not identified. Limiting the
initial bacterial contamination of each WBP component in
the pool therefore is critical and expected 1o occur with
optimized 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 reported 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 risk 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 time frame
for the 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-recommended, skin
disinfection protocol utilizing povidone-iodine scrubs (or
chlorhexidine gluconate in 70% isopropyl alcohol scrubs
for donors allergic to jodine)* throughout the study. Leu-
koreduced WBP concentrates were prepared and stored
at 20 to 24°C. After a minimum of 24 hours, five ABO-
identical WBP concentrates were pooled into a 1.5-L CLX
storage bag (Actodose 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 {rom 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. pH 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 PSPs 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 automated microbial detection system (BacT/ALERT
3D, bioMérieux) was used for aerobic cultures, with bottle
inoculation performed 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
cocompaonents and inoculated into a new aerabic bottle
for confirmatory culture, The initial and subsequent posi-
tive culture bottles were sent to independent microbiol-
ogy laboratories for bacterial isolation and iden(ification.
Bacterial culture test results were classified according 1o
AABB Bulletin 04-07° with further subcategorization as
follows: A confirmed-positive result is a true-positive
result with the growth of the same organismi in the initial
and confirmatory sample; a false-positive result. is a
positive botle signal but a negative result on subsequent
culture. False-positive results were further characterized
as either possible sampling contamination,. if bacteria
were detected in the initial bottle but not the confinnatory
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 initial-
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 transfusion 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 transfu-
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 120 bpm or a
change of 46 bpm or more from pretransfusion value, or a
change of more than 30 mm Hg in systolic or diastolic
blood pressure.® A definite septic transfusion reaction
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fulfilled the clinical criteria and yielded the same bacterial
species froin the residual PSP component and the patient.
A probable septic transfusion reaction fulfilled the clinical
criteria but was associated with a positive culture on the
residual component without a matching positive blood
culture result in the recipient. Transfusion reactions that
did not meet the criteria of probable or definite septic
reactions were excluded. :

Statistlcal analyslis

QOdds ratios (ORs) and 95 percent confidence intervals
(Cls) 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 determined that
the operational trial was ‘exempt under 45CFR46,
21CFR50.

RESULTS

Baseline risk of bacterial sepsls from WBPs

before impiementation of PSPs

We assessed the baseline risk of bacterial sepsis with WBPs
as reported to the American Red Cross Hemovigilance
Program, before the introduction of PSPs and sample
diversion, Between January 1, 2003, and December 31,
2006, the 35 American Red Cross blood regions distributed
2,535,043 WBP 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 reactions 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 uwansfused product, 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 fatality.

Eight of the reported reactions fulfifled the criteria for
definite septic rcactions 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
common bacterial contaminants were likely commensal
skin organisms (16 cases; 80%); 4 (20%) were likely enteric
organisims (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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TABLE 1. Bacteria implicated in septic
transfusion reactions to WBPs distributed
between January 1, 2003, and December 31, 2006
Number of
septic reactions

Bactenial isolate

Coagulase-negative Staphylococcus i
8. aureus® 2
Staphylococcus spp. {mixed culture)t 1
Baclllus spp. 1
Corynebaclerium spp. 1
Likely skin contaminanls (subtotal) 16
S. bovis 1
E. col 2
Multiple (Klebsiella pneumonia, E. coli) 1
Likely enteric organisms (subtotal) 4
Total reactions 20
Number of WBP units distributed 2.535,043
Septic reactions, rale par 10° 7.9
Fatalilies, rale per 10° 0.79

* Assoclated with a fatality.
1 Coagulase-negative and coagulase-posilive Slaghyiococcus.
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Operational trial and implementation of PSPs
Becuuse of the potential safety benefit of QC bacterial
detection and other operational advantages, we imple-
mented the Acrodose PL PSP system. In an initial opera-
tional trial, four regions of the American Red Cross
manufactured 7628 PSP units, of which 5211 wete pro-
duced before and 2417 after the implementation of whole
blaod collection sets with initial sample diversion. A pool
size of 5 units was necessary to produce a consistent com-
ponent containing more than 3 x 10! PLTs, as losses due
to pooling and samnpling for QC tests and bacterial cultwre
amounted, on average, to 16.1 percent (range, 8.3%-
31.5%) of the PLT yield. The pooling and samnpling proce-
dure was accomplished onaverage in 17.5 minutes {range,
13.5-21.3 min) once staff were fully trained and familiar
with the technique.

All four regions successfully completed the phase of
process control testing. Two regions had no failures in
their first 60 pools and two regions had one {ailure 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 failure was due
to ahigh PLT concentration greater than 2300 x 103 per pL,
and the other, to PLT yield less than 2.2 x 10! per poal.
Onice process control was established, monthly QCtesting
was then initiated, involving pH testing between Day 2
and outdate, of at least 1'percent of PSPs or 4 PSP units per
month if fewer than 400 pools were prepared. A total of
131 pools (all four regions) were tested over 2 to G months
and 100 percent bad pH values of 6.2 or greater within a
range of 6.58 to 7.70.

The vast majority of PSPs had PLT yields equivalent to
the minimum yield for plateletpheresis (i.e., 23.0x 10",
Table 2). The Acrodose PL system incorporates accep-
tance product qualification criteria that are deterinined by
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TABLE 2. Product qualification data (1 standard deviation) during the aperation trial for the Acrodose PL
system for PLTs pooled in four regions of the American Red Cross
Region
Total pools: 7628 A B [+ D Mean Requiremant
Numbaer of pools 2224 4313 604 T 487
Volume {ml) 253+ 8 266 x 10 232+9 250 6 258 = 13 180-420
PLTs (x10%ul) 1547 * 206 1530 * 224 1647 = 240 1548 = 193 1546 x 220 =2300
Yield (x10") 39=05 41206 3806 3905 40086 2258
Pools & 3.0 x 10™ (%) 97.10 98.10 84.50 88.80 97.60
pH = 6.2° (%) 100 100 100 100 100 100
PLT qualification success (%) 99.96 99.56 98.68 100 99.60
* Includes process controf and monthty QC.
TABLE 3. Bacterial detection in PSPs before and after the impl ion of ple diversion (SD}
Before SO . After SD :

Variable Number Rate per 10° Number Rate per 10° After SD vs. before SD OR (85% CY)
Pools 5,211 20,725
Contirmad-positive 11 2 20 965 0.46 (0.22-0.95)
False-pesitive (machine error) 3 576 8 388 +  0.67 {0.18-2.53)
False-positive (contamination) 5 960 6 290 0.30 (0.09-0.99)
indeterminate 2 384 4 183 0.50 (0.09-2.75).
Discordant 0 o 2 97 ‘ND

Total 21 4030 40 1930 0.48 (0.28-0.81)
ND = not determined.

the manufacturer for PLT yield (2.2 x 10" - 5.8 x 10! per
pool), pool volume (180-240mL}), PLT concentration
(<2.3 x 10%/uL), pH at the time of issue (26.2), and sterility
(bacteria! culture-negative). 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 x 10° per mL {11 cases), a yield 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 failed on multiple 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
aninijtlal-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 yielded an initial-positive culture result
(1830 per million [1:518]) indicating a significant 52
percent reduction in the rate of bacterial contamination
(OR, 0.48; 95% ClI, 0.28-0.81). This reduction reflected a
significant decrease associated with sample diversion in
the rates of both confirmed-positive culture rates (2111 vs.
965 per million; OR, 0.46; 95% CI, 0.22-0.95) ‘and false-
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positive (contamination) rates (960 vs. 290 per million;
OR, 0.30; 95% ClI, 0.09-0.99), but not in the rates of inde-
terminate or false-positive samples due to machine error
(Table 3). Most of the bacterial isolates in confirmed-
positive cultures were likely skin fiora (Table 4), and the

rate of detection was significantly 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 false-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 performed
before the advent of screening cultures, initial sample
diversion, and standardized skin preparations, revealed
that the risk of a septic reaction with transfusion of WBPs
ranged from 1:14,000 to 1:95,000.'%'*" The data presented
herein from the American Red Cross Hemovigilance
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Program provide an estimate derived from 2,535,043
distributed WBP units between January 1, 2003, and
December 31, 2006, with 20 reports of sepsis after trans-
fusion, including 2 fatalities. Assuminga mean pool size of
5 WBP components, we calculated a rate per distributed
product of 39.4 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
Blood Collection and Distribution Swrvey records that
a mean of 18.1 percent of WBPs were discarded before
use, further suggesting that the actual septic ransfusion
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 acrive surveillance inay detect
considerably more contaminated products and septic
reactions than passive surveilance, supp\orling a higher
actual contamination rate, currently estimated at 1:1000
to 1:3000 transfused products.'™!” For comparison, our
published estimates of tie 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 1:498,711 for fatalities,
suggesting that WBPs may have been associated with a
greater bacterial risk than apheresis PLTs for each trans-
fused dose.® Similarly, the organisms involved in these
reactions were mostly skin organisms; fatalities occurred
predominantdy cn Day 5 of storage and frequently
involved major pathogens.'®

In an effort to improve the salety profile of WBPs, we
successfully implemented and validated PSPs with the
Acrodose PL system and sample diversion and demon-
strated reduced contamination at the time of collection.
Our preliminary experience suggested that the Acrodose
PL system requires a significant iavestment in stafl train-
ing and hands-on experience to optimize yields and to
minimize QC lases (data not shown). We therefore per-
formed an operational tria] in four regions that routinely
distribute WBPs. After successful production and distribu-
tion of 7628 PSPs over a 5-month period, we implemented
PSPs for routine manufacture. We demonstrated’ the
ability to consistently meet all of the manufacturers’
quality varjables for PSPs; indeed, 97.6 percent contained
more than 3 x 10" PLTs 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 bioMéricux
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
samnples, allows product release into inventory at 12
hours rather than 24 to 36 hows after culture inocula-
tion, and is consistent with our laboratory approach with
apheresis PLTs.

o
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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 rate of confirmed-positive
and false-positive (contamination) cultures. In contrast,
the rate of indeterminate cutures and false-positive cul-
tures due to machine error were unchanged. Similar
decreases in confirmed-positive cultures with sample
diversion have been previously documented in WBPs."®!?
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% Cl, 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® OQur finding (Table4) 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 contaminants were
unchanged (384 vs. 241 per million: OR, 0.63; 95% CI, 0.12-
3.24), supports this concept. The finding that false-positive
cultures (contamination) were also significantly reduced
supports our préviously published hypothesis that some
false-positive sarnples are likely due to components 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 hrvs. 17.5 hr; p = 0.02, t test;
Table 4). This delay in growth may be ascribed to lower
initial concentrations, prolonged lag 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
cultures, directed by the culture results. After implemen-
tation of sample diversion, therc 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 quarantine; 14 of the initial-positive sainples
were shown to be false-positive samples and their cocom-
ponents were released into inventory. The other positive
culture results were associated with 130 RBCs and 130
plasma cocomponents that were retrieved and discarded
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if they 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 indirect cost of these component losses
represent a disadvantage of the Acrodose PL system and
should be accounted for in the cost analysis of PSP manu-
facturing. Of the 20 confirmed-positive 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 Strepiococcus bovis,
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 PLTs 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 BacT/ALERT sample
volume to 8 mL, and report a confirmed-posilive culture
rate of 167 per million (1:5,922) after testing 431,490
collections (Table 5 and A.F Eder etal.,, submitted for
publication). .

These data suggest that when utilizing a standardized
protocol of skin preparation, sample diversion, and
culture, a unit-per-unit comparison of PSPs and platelet-
pheresis reveals a 5.8-fold (OR, 5.8;95% CI, 3.5-9.5) greater
risk of confirmed-positive contamination for 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 transfusion reactions {e.g.. transfusion-
related acute lung injury, immune hemolysis), due to
lower plasima volume derived from individual donors. 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).
Nevertheless, in those institutions where WBP and

Volume 48, November 2008 TRANSFUSION 2353

BENJAMIN ET AL.

=g <
wn d
. ojQ
é 2le ¢
s Sveonvuy
& algszgzzz
< xim o
;‘ o w»
E
]
il =
o G
E- ® - ©
L P S R
- 2@ 59 _ &
s 5988789
a SI8758%8
o g|lceccen
£ |
-3 w @
= |8aleengne
g! E(8fw  Twow
o of
— 9| =
N ‘wlm
AR
s |z
"
2 s
Q 2
£ | |%gz8393
@ o|TSav as
Bl= = v~
E 89«-.._
2 2
2 1€
O
¥
a
) -
3 5] -
v R T o
(=%} blEg Q- .
°s |l 1218 _s880h
2c | gle@a 8o
B S§ITRR T .
8 [E9gng 8%
o = LI N
¢ = Ele-ocng
XTI ERE R
TE[ |HST RIS
. - o -
5ol =
'
FE
Y
°E
90| |8
2 %
'«',F Qmm—gr\w
£3 NN ©TOT
A %'\‘QWQ"J\
oMo oW
cEv &ém.——ﬁm
Tt 2|2
o (3]
Q
K
T
2 8
s =
k] Gla oo
© HETTOOO
$ flacacaa
G ]
-] a
-3
k3
@
£ g
= ki
c -
8 glw—-wuwuwn
al
5 =
© = .
o w
§ 8
@ S
2 p
o
o 2 e
E ® g
8 23 .18
.2 Q
“ CE LR ]
w - B0 R &
w £t Eo®|®
o o:ﬁ:mv..
© SEER |2
< ~2EQQPgES
= SlefEe x| !
-—FE-"-’cu:’ww
NFE>Nn2ZoiZ

2354 TRANSFUSION Volume 48, November 2008

186

plateletpheresis collecdons were assessed udlizing a
standard protocol, the relative contamination rates are
informative. Our finding that individual WBPs are likely
contaminated at similar rates as plateletpheresis
collections is substantiated by the report of Kleinman and
colleagues,” who tested individual WBP and plateletpher-
esis products using the BacT/ALERT system and by
Yorntovian and coworkers who tested pooled WBP and
plateletpheresis products at issue using plate cultures!’
(Table 5). [n al three cases, the WBPs were manufactured
using the PLT-rich plasma method. These results are in
contrast to those reported from Europe, where WBPs are
produced using the buffy coat technique: In these reports,
prestorage-pooled buffy coat PLTs have the same
confirmed-positive contamination rate as sirnilarly tested
plateletpheresis (Table 5)."%%% This difference has been
ascribed to the overnight hold process in the manufacture
of buffy coat PLTs, which may allow some bacteria to be
inactivated by white cells before leukoreduction®

We remain aware of the continued, residual risk of
sepsis from bacterially contaminated WBP units. In 2007,
the American Red Cross distributed 381,884, single WBP
components and received one report of a severe septic
reaction to a single WBP unit transfused to an infant, in -
which coagulase-negative Staphylocaccus was implicated
after pulsed-field ge! electrophoresis demonstrated iden-
tcal isolates from both the patient and residual product.
We received no reports of septic reactions to PSPs in 2006
or 2007, although a false-negative QC culture resultin 1 of
543 PSPs tested was detected by a tansfusion service
using a culture-based point-of-issue test. In this case, the
PSP unit was transfused on Day 4 without reaction, but a
1-to 2-mL sample of the PSPs collected at the time of issue
grew coagulaée-ncgadve Staphylococcus on plate culture
ata titer of 2 x 10 colony-forming units per mL (M. Jacobs
and R Yomtovian, personal communication, 2008).'*

In summary, the successful implementation of Acro-
dose PL PLTs by the American Red Cross now provides an
alternative source of QC-cultured PLTs for transfusion.
PSPs undoubtedly present lower bacterial risk to patients
than WBPs that are pooled at the point of issue and tested
with non-FDA-approved surrogate tests, such as pH or
glucose content. Ongoing hemovigilance for septc trans-
fusion reactions, however, will be required to document
the relative safety of PSPs considering their approximately
5.8-fold higher rate in detectable contamination com-
pared to that of plateletpheresis.
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Increase in Coccidioidomycosis --- Califorhia, 2000--
2007 |

Coccidioidomycosis is an infection resulting from inhalation of airborne spores of Coccidioides immniitis or
Coccidioides posadasii, soil-dwelling fungi endemic to California's San Joaquin Valley; souther regions of
Arizona, Utah, Nevada, and New Mexico; western Texas; and regions of Mexico and Central and South America
(1). Of an estimated 150,000 new infections annually in the United States (2), approximately 60% are
asymptomatic (1). Patients with symptoms usually experience a self-limited influenza-like illness (ILI), although
some develop severe pneumonia. Fewer than 1% of patients develop disseminated disease. Infection usually
produces immunity to reinfection. During 1995--2000, the number of reported coccidioidomycosis cases in
California averaged 2.5 per 100,000 population annually. However, from 2000 to 2006, the incidence rate more
than tripled, increasing from 2.4 to 8.0 per 100,000 population. To characterize this increase, the California
Department of Public Health (CDPH) analyzed case and hospitalization data for the period 2000--2007 and
preliminary case report data for 2008. The results indicated that, during 2000--2006, the number of reported cases
and hospitalizations for coccidioidomycosis in California increased each year, before decreasing in 2007. Annual
incidence during 2000--2007 was highest in Kemn County (150.0 cases per 100,000 population), and the -
hospitalization rate was highest among non-Hispanic blacks, increasing from 3.0 to 7.5 per 100,000 population.
Health-care providers should maintain heightened suspicion for coccidioidomycosis in patients who live or have
traveled in areas where the disease is endemic and who have signs of ILI, pneumonia, or disseminated infection.

Coccidioidomycosis is a reportable disease in Califomia, although laboratories are not required to report. During
1991--1995, California experienced a large epidemic of coccidioidomycosis in the San Joaquin Valley; since 1995,
cases of coccidioidomycosis have been reported consistently to local health departiments in California using
Confidential Morbidity Reports (CMRs). For the analysis summarized in this report, CDPH reviewed case and
hospitalization data for the period 2000--2007 using CMRs and California Patient Discharge Data Set (CPDDS)
data. Preliminary CMR case data for 2008 also were analyzed. CMRs include data on tie patient's county of
residence, sex, and dates of birth, illness onset, diagnosis, and case teport. CPDDS data include inpatient discharge
diagnoses from all California nonfederal hospitals. Cases with codes for coccidioidomycosis (114--114.5 and )
114.9) from the International Classification of Diseases, Ninth Edition were selected. Duplicate records were
removed so that the CMR data set retained only the first report of a case and the CPDDS retained only the first
report of a patient's hospitalization. For the 3% of reported CMR: cases with no date of illness onset or diagnosis,
year of illness onset was presumed to be year of case report. CMR data were used to calculate incidence rates of
reported cases overall and by age, sex, region, and county. Because 34% of reported CMR cases had missing data
on race, incidence rates by race were not calculated. CPDDS data were used to calculate rates of first
hospitalization overall and by age, sex; race/ethnicity, region, and county. California Department of Finance
population projections were used for denomiinators (3). Negative binomial regression was used to test for statistical
significance of change in rates of reported cases and hospitalizations during 2000--2006, the period of annual
increase in.reported cases and hospitalizations. F atality rates among hospitalized patients were calculated by using -
CPDDS data for 2000--2007. Ty

After remaining stable since 1995, reported coccidioidomycosis cases in California increased from 816 in 2000
(incidence rate: 2.4 per 100,000 population) to 2,981 in 2006 (8.0 per 100,000 population) (p<0.001) (Figure 1),
before decreasing in 2007 to 2,791 cases (7.4 per 100,000 population). Preliminary 2008 CMR data indicated that
1,718 cases were reported in California during January I--December 6, 2008, compared with 2,210 and 2,426 cases
reported during the same period in 2006 and 2007, respectively.

http://www.cde.gov/mmwr/preview/mmwrhtml/mm5805a1.htm
189’

2009/02/13

Increase in Coccidioidomycosis =~ California, 2000--2007 2/1 R—3

During 2000--2007, estimated average annual incidence was highest among adults aged 40--49 years (3,518 cases
[8.0 per 100,000 population}) versus other age groups (Table). A total of 10,909 (65%) cases were reported in male

. patients, for an average annual rate of 7.6 per 100,000 population, compared with 5,848 cases in females (4.0 per
100,000 population) (Table). The greatest incidence occurred in the San Joaquin Valley region, where
coccidioidomycosis is endemic. A total of 12,855 (76%) of California's 16,970 cases were reported from the San
Joaquin Valley during 2000--2007. Reported cases from this region increased from 490 (14.7 per 100,000
population) in 2000 to 2,135 (53.9 per 100,000 population) in 2007. Within the region, Kemn County reported the
highest incidence every year. Rates of reported cases in Kem County averaged 150.0 per 100,000 population
during 2000--2007 (Figure 2), peaking in 2004 at 195.3 per 100,000 population.

In California, coccidicidomycosis cases requiring hospitalization increased from 611 in 2000 (1.8 per 100,000
population) to 1,537 in 2006 (4.3 per 100,000 population) (p<0.001), before decreasing to 1,368 (3.6 per 100,000
population) in 2007 (Figure 1). Hospitalizations for coccidioidomycosis were highest among persons aged 60--79
years, averaging 5.8 per 100,000 population during 2000--2007 (Table). By race/ethnicity, hospitalizations were
highest among non-Hispanic blacks, compared with non-Hispanic whites, Hispanics, and Asians/Pacific Islanders.
From 2000 to 2007, Lospitalizations among non-Hispanic blacks increased from 66 (3.0 per 100,000 population) to
169 (7.5 per 100,000 population). Hospitalizations among non-Hispanic whites increased from 297 (1.9 per

. 100,000 population) in 2000 to 570 (3.5 per 100,000 population) in 2007; hospitalizations among Hispanics

increased from 182 (1.6 per 100,000 population) to 485 (3.6 per 100,000 population), and hospitalizations among
Asians/Pacific Islanders increased from 36 (0.9 per 100,000 population) to 86 (1.9 per 100,000 population).

By geographic region, hospitalizations for coccidioidomycosis in the San Joaquin Valley increased from 230 (6.9
per 100,000 population) in 2000 to 701 (17.7 per 100,000 population) in 2007. Within the region, Kem County
reported the highest hospitalization rates, increasing from 121 (18.2 per 100,000 population) in 2000 to 285 (34.9
per 100,000 population) in 2007, and peaking in 2005 at 353 hospitalizations (45.8 per 100,000 population).

Overall in California, during 2000--2007, a total of 752 (8.7%) of the 8,657 persons hospitalized for
coccidioidqmycosis died.

Reported by: DJ Vugia, MD, C Wheeler, MD, KC Cummings, MPH, California Dept of Public Health. A Karon,
DVM, EIS Officer; CDC.

Editorial Note:

This report describes increases in reported coccidioidomycosis cases and hospitalizations during 2000--2007 and
the highest iricidence rate in California since 1995, the first year that CMR data were available consistently, The
number of reported cases and hospitalizations decreased in 2007, and preliminary data indicate those decreases
might have continued in 2008. However, rates of coccidioidomycosis in California remain substantially higher than
during 1995--2000. These increased rates likely are real, rather than surveillance artifact, because no major changes
in diagnosis or reporting of coccidioidomycosis in California occurred before or during the period studied.

Increases in coccidioidomycosis in Califomia are similar to those observed in neighboring Arizona and in the
‘United States overall. Arizona, which annually reports approximately 60% of all coccidioidomycosis cases in the
United States, reported a substantial increase in coceidioidomycosis from 1,812 cases (37 per 100,000 population)
in 1999 to 5,535 cases (91 per 100,000 population) in 2006 (4). In the United States overall, the number of reported
coccidioidomycosis cases increased from 1,697 (0.64 per 100,000 population) in 1996 to 917 (6.79 per 100,000
population in 2006) (5). Reasons for these recent increases in reported coccidioidomycosis are not fully understood.
Some previous increases have been associated with local environmental and climatic variations (6). Other
hypothesized causes include aerosolization of spores caused by soil disturbance during periods of increased
construction activity (), growing numbers of persons who are immunocompromised or have other risk factors for
severe disease (7), and immigration of previously unexposed persons frgm areas where coccidioidornycosis is not
endemic (2). Recent increases in coccidioidomycosis in California are partially attributable to several hundred
cases reported from two San Joaquin Valley prisons (8) with inmates from areas where the disease is not endemic.
Multiple clusters also have been reported at California military bases, where personnel often have intensive dust -
exposure (9). Such exposure is hypothesized to increase the risk for infection; local outbreaks of
coccidioidomycosis have been noted after dust storms ().

Coccidioidomycosis hospitalization rates in California were highest among persons aged 60--79 years, which is
consistent with previous reports that older age might be a risk factor for severe caccidioidomycosis (7).

http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5805a 1.htm 2009/02/13
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Hospitalization rates also were substantially higher among non-Hispanic blacks, compared with non-Hlspamc
whites, Hispanics, and Asians/Pacific Islanders. Black race has been associated previously with increased risk for
coccidioidomycosis hospitalization (7). In addition, blacks and persons of Filipino ancestry have been found to
have increased risk for disseminated coccidioidomycosis, possxbly because of underlying differences in susceptible’
host genetics (/,/0). Immunocompromised persons and women in their second and third trimesters of pregnancy
also have increased risk for disseminated disease (/).

The findings in this report are subject to at least three limitations. First, because not all persons with
coccidioidomycosis seek medical care and not all diagnosed cases are reported to local health departments, this
report likely underestimates the actual rate of coccidioidomycosis in California. Second, for cases in which patients
were hospitalized, medical chart review was not performed to confirm laboratory diagnosis or cause of death from
coccidioidomycosis, resulting in possible overestimation of hospitalizations and deaths in persons with
coccidioidomycosis diagnosed. Finally, Kern County's public health laboratory performs much of the
coccidioidomycosis testing for patients in that county and might be more likely to report cases routinely than
laboratories in most other counties in.the San Joaquin Valley region where this is not the practice. In 2009, .
California plans to make coccidioidomycosis a laboratory-reportable disease to improve completeness and ©~
timeliness of case reporting and delivery of targeted public health recommendatlons durmg periods of increased
disease. S

Given the recent increases in coccidioidomycosis in California and Arizona, heightened consideration of this
disease is warranted in the differential diagnosis of any patient with ILI, pneumonia, or-signs of disseminated
infection who has lived or traveled in areas where coccidioidomycosis is endemic. Because intensive dust exposure
appears to increase the risk for infection, CDC recommends that petsons living or traveling in regions where
coccidioidomycosis is endemic who are at risk for severe or disseminated disease (e.g., older persons, pregnant
women, immunocompromised persons, and persons of black race or Filipino ancestry) stiould avoid exposure.to -
outdoor dust as much as possxble * When such exposure is unavmdable, measures to reduce inhalation of outdoor
dust, such as wetting soil and using respiratory protection when engaging in soil-disturbing activities, might be
effective. However, options for environmental control of coccxdxoxdomycosm are limited, and no safe, effective
vaccine for the disease exists currently. Developing such a vaccine appears to be the best option for preventing -
disease in those persons at risk for coccidioidomycosis (9).
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Flgure 1.

FIGURE 1. Rates* of reported cases of coccidioidomycosis and

first hospitalizations among persons with coccndnmdomycosm :

dlagnosed California, 1995-2007%

9
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Year

*Per. 100 000 population.

fData on reported cases of coccldioidomycosls are. from California
Dspartment of Public Health Confidential Marbidity Reports: Data.on
fi rst hosprtallzations of persons with coccndloldomycosis diagnosed are

" from the California Patient Discharge Data Set. .Population data are from
Califorma Department of Finance populatlon prqectlons '

. Figure 2
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FIGL!H'E. 2. Average annual rate* of reported cases of
cocceidioidomycosis, by county — California, 2000-2007t

Hl 14s-1500

B 214

1.1-2.0

NN 0:1-1.0 .
[:l None

Los Angeles

' San Diego

* Per 100,000 population.

t Data on reported cases are from California Department of Public Health
Confidential Morbidity Reports. County population data are from California
Department of Finance population projections. o

§ Kem County, located in the San Joaquin Valley region, where coccid-
ioidomycosis is endemic, had the highest rate among counties (150.0
cases per 100,000 population),
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TABLE. Total numbers and average annual rates* of reported
cases of coceldioldomycos!s andfirsthospltallzations and deaths
among persons with coccldioldomycosis dlagnosed, by selected
characterlstics — Calliomla, 19951999 and 2000--20071

1996—-1999 20002007
‘ No. of No, of
Characteristic cases Rate cases Rate
Reported cases
Age group (yrs) »
0-9 182 0.7 532 1.3
10-19 333 17 - 1685 3.9
20-29 677 2.7 2793 7.0
30-39 921 3.4 3,379 77
4049 781 .33 3518 8.0
50-59 528 3.6 2.180 7.5
60-69 . 350 3.5 4,307 8.7
70-79 220 2.8 755 5.5
280 95 - 2.3 365 4.2
Sex
Male 2,572 3.2 10,909 7.6
Female 1.529 1.9 5,848 4.0
Reglon .
California, overall 4,126 2.5 16,970 5.9
San Joaquin Valley$ 2,829 17.9 12,855 44,1
Kern County 2,008 63.1 8,847 . 150.0
First hospitalizations
Age group (yrs) .
0-9 47 0.2 151 0.4
10-19 148 0.6 361 0.8
20-29 348 1.4 853 2.1
30-39 574 2.1 1,409 32
4049 709 3.1 1,851 4.2
50-59 609 4.4 1,600 ,‘5,1
60-69 509 5.0 1,130 . 58
70-79 439 5.6 785 5.8
>80 170 4.2 427 5.0
Sex ¢
Male 2,237 2.8 5,960 4.1
Female 1,316 1.6 2,696 1.9
Reglon
California, overall 3,553 22 8,857 3.0
San Joaquin Valley$ 1418 9.0 4,360 15.0
Kern County 704 222 2,206 37.4
Race/Ethnicityl
Black, non-Hlispanic 348 — 1,005 5.3
White, non-Hispanic 1,947 —_ 3,800 3.0
Hispanic 881 —_ 2.869 2.9
AslanvPacific Istander 212 — 5562 1.7
American Indiar/ 13 —_ 28 14
Alaska Natlve
Multlracial/Other- 80 — 192 3.4
Deaths 307 0.19 752 0.26

* Per 100,000 population.

¥ Data on reported cases are from Callfornia Department of Public Health
Confidential Morbidity Reports. Data on finst hospitalizations of persons
with coccldioldomycosis dlagnosed are from the California Patient Dis-
charge Data Set, Denominator data are from Californla Department of
Finance population projections.
§ Includes the following Californta counties: Fresno, Kern, Kings, Madera,
Merced, San Joaquin, Stanislaus, and Tulare. .
1 Hosptalization rates by racialethnic poputation could not be calculated
for 1985-1999 because population estimates for this period included

inconsistent race/ethnicity categories.
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these organizations or their programs by CDC or the U.S. Department of Health and Human Services. CDC is not responsible for the
content of pages found at these sites. URL addresses listed in MMWR were current as-of the date of publication,

All MMWR HTML versions of articles are electronic conversions from typeset documernits, This conversion might result in character
translation or format errors in the HTML version. Users are referred to the electronic PDF version (http:/fwww.cdc.gov/immwr) and/or the
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