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fever vaccines is contraindicaced in infants aged <6
months (4,7,8).

Yellow fever virus, either wild-type or 17D, has nat
been reporred to have been isolated from or detected
in human bréast milk. West Nile virus (WNV),
another flavivirus, has been detected in mitk from
WNV-infected, _mnS::m women (9), and one case of
probable WNV transmission through breast-feeding
has been reported (10). The actual risk for 17DD
virus traasmission through breast-feeding cannot be
characterized because the number of breast-feeding
women who have been vaccinated without negative
sequelae in their infants is unknown. Based on che
theoretical risk for yellow fever vaccine virus trangr is-
sion through breast milk, the Advisory Committee on
lmmunization Practices recommends that yellow fever
vaccination of nursing mothers be avoided, except
when travel of nursing mothers 1o high-risk ycllow
fever—endemic areas cannot be avoided or postponed
(7). Vaccine recommendations from the Wosld Health
Organization do not include considerations for breasc-
feeding mothers (8). )

In Brazil, yellow fever vaccination is recommended
for all residents of municipalities considered at risk for
yellow fever transmission, and for travelers o at-risk
arcas (1), As aresule of this investigation, the Brazilian
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Ministry of Health is revising its recommendations to
caution against administration of vellow fever vaccine
to ?o»ﬁ.?a&:ln women, cxcept in sitcuacions where
the risk for contracting yellow fever is unavoidable,
Further studies on excretion of 17DD virus in breast
milk of vaccinated, lactaring women would help to
define a risk period for viral transmission in cases
where vaccination of nursing n

ecessa y.
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1. Introduction

Chlamydial infections leading to.outbreaks of avian chlamy-
diosis in domestic, companion and wild birds are regularly
reported from all parts of the world. As their general importance
is based on two aspects, i.e. economic losses to the bird owners and
potential zoonotic transmission to humans, control measures are
obligatory in a number of European countries, where spedific state
legislation is in force. The mast prominent chlamydial agent in Aves
is Chlamydophila (C) psittaci, which was shown to occur in‘as many
as 465 bird species (Kaleta and Taday, 2003), Following the recent
revision of chlamydial taxonomy (Everettetal., 1 999), this obligate
intracellular bacterium now predominantly comprises avian
serovars. The family Chlamydiaceae with its two genera Chlamydia
and Chlamydophila currently combines a total of nine species, i.e.
Chlamydia trachomatis, Chlamydia suis and Chlamydia muridarum,
aswell as C. pneumoniae, C. abortus, C. cavige, C felis, C pecorum, and
C psittaci, respectively.

Abbreviations: MOMP, major outer membrane protein; RFLP, restriction fragment
tength polymorphism; ctPCR, resl-time PCR.
* Corresponding authar. Tel: +33 1 43 77 1300; fax: +33 1 49 77 13 44.
E-mail address: klaroucau®@afssa.fr (K. Laroucay).

1567-1348/$ - see front matter © 2009 Elsevier B.V, All rights reserved.
doi:10.1016(j.meegid 2009.08.005

—_———

Three cases of atypical pneumionia in individuals working at a poultry slaughterhouse prompted an
n 10 poultry farms that had supplied birds. Using 2 Chlamydiaceae-specific real-
time PCR assay, chlamydial agents were detected in 14 of 25 investigated flocks, Rather unexpectedly,
Chlamydophila psittaci was identified only in one of the positive flocks, whereas ArrayTube DNA
mitrparray testing indicated the presence of 2 new, so far. unclassified. member of the genus -

For further characterization of the agent involved, positive cloacal swabs were used to inoculate
embryonated chicken eggs and isolates were obtained from & different flocks. Sequencing of 165 rRNA
genes revealed nearly identical sequences of alf samples. Alignment with representative sequences of

© 2009 Elsevier B.V. Al rights reserved.

The importance'of C psittaci as the causative agent of psittacosis
or avian chlamydiosis in psittacine birds and domestic fowl has
been known for decades. A number of recent reports have
confirmed that its zoonotic potential remains significant in. the
face of regularly occurring outbreaks of disease in domestic fowl
ﬁ<m333vm< etal, 1995; Gaede et al., 2008; Laroucau et al,, 2009).
In addition; infections can take a subclinical and/or chronic course
(Harkinezhad et al, 2009), However, occasional detections of C
abortus (Hermmann et al., 2000; Pantchev et al., 2008) and so far
non-classified chlamydial agents (Gaede et al,, 2008), as well as
genetic evidence on intermediate strains between C psittaci and C.
abortus (Van Loock et al.,: 2003) suggest that the spectrum of
Chlamydiaceae spp. encountered in birds is not confined to a single
species.

In this context-it should be noted that laboratory diagnosis of
infections involving chlamydiae has undergone a remarkable
methodological change in the past two decades (Sachse et al.,
2009). While only a few specialized laboratories are sgll
conducting routine isolation of chlamydiae using cell culture or
embryonated eggs, DNA-based detection methods have become
widely accepted. This implies that specific PCR tests for individual
chlamydial species andjor pan-Chlamydiaceae assays are con-
ducted, which are capable of detecting even small amounts of a
known agent within a working day. However, new and hitherto
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non-classified taxa will often be overlooked by this approach, so
that the inclusion of a highly paralle! screening assay, e.g. a DNA
microarray test, is advisable, ) )

Following the occurrence of symptoms of atypical pneumonia
in a group of poultry slaughterhouse workers in France early in
2008, a diagnostic investigation in the slaughterhouse and the
flocks of the suppliers was undertaken. Inifia) tests mc.mwﬂr&
involvernent of chlamydiae, so that diagnostic examinations
focused on Chlamydiaceae spp. In the present paper, we report
the results of this study, which led to the identification of so far
non-classified avian chlamydial agents.

2, Materials and methods
2.1, History of human infections

In the period from April 25 to May 30in 2008, Q_Rw individuals
presented to their physicians with mQEn.w_ preumonia. Case 1, a
49-year-old woman, had fever and flu-like symptomns and was
administered Naxy. Case 2 was a 25-year-old woman suffering
from thoracic pain and fever. She had to be hospitalized and was
treated with Clamoxyl and Rulide. Case 3, a man aged 62, had fever
and complained about weariness. He was administered N.mﬂm_‘. No
diagnostic data from microbiology and serology are available.

2.2. Animal samples

Cloacal swabs were collected from poultry flocks an?wn for
slaughter and from birds belonging to the slaughterhouse owner,
In each sampled flock, 10 animals-were examined. One panel of
swabs was stored in 1 mi of conservation buffer SPG (Spencer and
Johnson, 1983) at. —80°C until inoculated into chicken eggs,

whereas the other panel was stored dry at ~80 *C until subjected to
DNA extraction. Data on age, breed and flock of the examined birds
are contained in Table 1.

2.3. DNA extraction

Dry cleacal swabs were subjected to DNA extraction using the
QlAamp DNA Minti Kit (QIAGEN, Courtaboeuf, France) following the
buccal swab protocol. For DNA extraction from quots of
chlamydial cell culture and vitellus membranes, the tissue protocot
of the same Idt was used. Finally, DNA was eluted with 150 plof AE
buffer and stored at —20 *C until examination,

2.4, Direct detection of chlamydiae by real-time PCR

A Chlamydiaceae-specific real-time PCR targeting the 23S tfRNA
gene (235-rtPCR) was used in this study (Ehricht et al., 2006). The
protocol includes primers Ch23S-F (5'-CTCAAACCAGTAGCTTA-
TAAGCGGT-3°), Ch23S-R Aw\.>mh«_.nnnnma>>qﬂ>>gnh.u9
and probe Ch23s-p (FAM-5'-CTCATCATGCAAAAGGCACGCCG-3-
TAMRA). Each reaction mix contained 2 ! sample DNA template,
10 ! of Universal Mastermix 2x (Applied Biosystems, Courta-
boeuf, France), 0.5 w1 of edch primer (25 M), 2 ul of the probe
(1 #M), and S u! deionized water. The temperature-time profile
was 95 °C for 10 min, 45 cycles of 95 °C for 15 5 and 60 °C for 60 s,

The ompA-based real-time PCR assay specific for C psittaci was
conducted as recently described (Pantchev et al, 2008).

2.5. Culture on embryonated chicken eggs

For culture, suspensions of cloacal swabs stored in conservation
buffer at —80 °C were thawed, transferred into sterile Eppendorf

Tabte 1 ) ) o
Characteristics of investigated poultry flocks and results of diagnostic testing,
Flock (0 Bréeder no, Flock Breed Age at time"of 235-tPCR Chlamydiaceae ompA-riPCR € psittaci .nm ,_ M.c_ﬁ:m
* : _ ) € ve' sampli - isolation
A ' sfiective o frueeks) No!'of tve samples- " "Mean Ct ' No. of +ve samples
"Slatighierhouse S - o ;
mmw 274)2 Slaughterhouse - 500 Chicken 4 w \” m (10%) ) .um.@ m:
! '08-1274/1 breeder S WMW ._W o“:u . . - -
Cogrza 500 16 410 (40%) ‘Ao o .
3 mw.“ Ni“u ; C " so0 20 10/10 (100%) 288 0/10. .
08-1274/6 : 100 7 m\uw e .
08-1274/8 : 120 : , 13 /10; ; -
i 120 Cuinéa fowl - 16" 007 s L
" 08:1274/9° . Breeder1 . 320 Chicken 200 3/10 (30%) 346 o
" 08-1274/10 -/ - Guinea fowl* 20 0/10 o ” .
08-1274/17 < Duick E 1/5 (20%) 351
" gais i oo . -
- 1 Breeder 2 600 Chicken s
mw.“wwu“s - Guinea fowl. . 15 1/8 (12.5%) 401 0f1
. ; +
08-1274/13  Breeder 3* 500 Chicken .- 3 _mmﬁ o_ wwwﬁw 0 www m“wo . :
. 08-1274/23 600 Chicken p
mw.nkva 600 Chicken  .° 4 3710/(30%) 390 V]
081274/14  Breeder 4 - Chicken - 0/10 < -
08-1274/15. - Guinea fow! -, 078
4 ic 1/10 (10%) 388 of1
- 6 Breeder 5* 600 Chicken 8
mw.“ wwwnm 500 Chicken 18 16/10 (100%) 270 o/10 +
08-1274/18 - Breeder 6° 500" Chicken, - 18 0/10 - -
p g v icke 1/10 (10%) 389 of1
- 0 Breeder 7° 600 Chicken 12 :
mw.w WW&WN 800 Chicken 17 10/10 (100%) %5 /10 -
'08-1274/22. - - Breeder 8* 600 Chicken 16 5/10 (30%) 318 os
08-1274(25' Repreducer 407 Chickerni: 43 ofic :

* Breeders linked ta the same supplier of 1-day-old chickens, i.e. 08-1274/25.

54

1242 K. Laroucau et al /infection, Cenetics and Evolution § (2009) 124G-1247

Table 2
Primers used for sequencing.

.?wﬁwnana mmacn.:nm Primer name Sequence® (531) ' PCR product size annnnsawm
165 (RNA . - 1651 CGGATCCTGAGAATITCATC 1200bp Pudjatmoko et 4, {1997}
P2 " CTACCITGTTACGACTTCAT :  Thomas et at. (2006) *
OmpA " 191CHOMP CONTITECEARTCY GOITGYCAIAE 6005p ‘Sachse'snd Hotzel (2003)
" i : CROMP371 q>n>>_nxﬁ>>jnam§$<nu.n_nn_00 5 SR

? Degenerate nucleatides: KeG T: M=A G W=A:T; Y=C, T: 1=Inosine,

tubes and centrifuged at 10.000 rpm for 5 min. Supernatant was
transferred into a new sterile tube. Antibiotic solution containing
0.1mg of vancomycin, 0.1 mg of steptomycin, 0.1 mg of
kanamycin and 100U of nystatin was added to the supernatant
and the pellet suspensions, which were then incubated at 37 <C for
2 h before inoculation.

Yolk sacs of 7-day-old embryonated eggs were.inoculated with
0.2 mlperegg, and five eggs per sample. For each set ofinoculation,
three eggs were inoculated with C psittaci strain Loth as positive
control, and three other €g8s were kept separately as non-infected
controls. Eggs were incubated at 38 °C and observed daily.

Vitellus membranes were collected and analyzed usi g a MIF
test, ie. a direct immunofluorescence assay (Chlamydia direet [F,
BioMérieux, Marcy ['Etoile, France). One of the two monoclonal
antibodies contained in this kit allowed the identification of
Chlamydiaceae spp.

2.6. Cell cuiture

Chlamydial isolates were grown in Buffalo Green Monkey
(BCM) kidney cells as previously destribed (Sachse et al., 2003).
Three days after inoculation, coverslips were fixed with methanol,
and the monolayer was stained using the IMAGEN™ Chlamydia kit
(DAKO Ltd., Cambridgeshire, UK). For confocal laser scanning
microscopy using a TCS-SP2 confocal microscope (Leica, Bensheim,
Germany), the coverslips were stained with Evans Blue, FITC-
labeled anti-Chlamydia antibody {Oxoid, Cambridgeshire, UK) and
DAPI (Sigma, Taufldrchen, Germany).

2.7, DNA-based SnEnNm.:.Nnn.o:

2.7.1. DNA microarray testing

The ArrayTube™ (AT) assay was used as described (Borel et ai.,
2008) to-check samples for the presence of DNA from any of the
currently accepted nine species of Chlamydig and Chlamydophila, as
well as Waddlia chondrophila and Simkania negevensis, Briefly, DNA
template was amplified and biotin labeled in 40 cycles of 94 <C/
305, 55°C/30s, and 72 °C/30s, using primers U23F-19 5'-
>3n>§>nnnn><<o>>nn>.w\w and 23R-22 (5'-biotin-GCYTAC-
.ﬁ>>n>ﬂoj._.n>n:n.wq. Hybridization was conducted in the AT
vesse] at 58 <C for 1 h. Subsequently, the array was washed, and
hybridization pattems were visualized using streptavidin-con-
jugated peroxidase-catalyzed precipitation and processed using
the ATR-01 reader (Clondiag Chig Technologies, Jena, Germany)
and the lconoclust 2.3 program (Clondiag). .

2.7.2. Multiple locus VNTR analysis
Samples were examined using the recently published MLVA
procedure (Laroucau et al,, 2008a).

2.7.3. Amplifications for DNA sequencing

Primers used for the partial amplification of ormpA and 165 rfRNA
genes-are listed in Table 2. PCR was performed in a total volume of
50wl containing ¢4 ! of DNA template, 5 wl of 10x PCR reaction
buffer,2 UofHotstart Tag DNA polymerase (Qiagen), 400 uM of each
deoxynucleotide triphosphate, and 0.5 WM of each flanking primer,

The temperature-time profile for amplification of the 16SRNA gene
was 95 °Cfor 10 min, 4 cycles of 95 =C for 1. min, 40 “Cfor 1 min, 72 <C
for 2 min and 36 cycles of 95 <C for 1 min, 50 °C for 1 min, 72 *C for
2 min. The final extension step was at 72 *C for 10 min,

2.7.4. Genotyping using restriction fragment length polymorphism
(RFLP) of ompA amplicons

Aliquats of 10wl of PCR product (primers 191CHOMP/
CHOMP371, from Sachse and Hotzel, 2003) were subjected to
avemnight restriction enzyme digestion using 1U of Ayl (Euro-
medex, Souffelweyersheim, France) in a total volume of 15 ! at
37 °C. The digestion products were then loaded onto 2 4% gel (50%
Nusieve-50% Metaphore) containing ethidium bromide and
analyzed using a UV transilly ator, '

2.2.5. DNA sequencing X
PCR-amplified segments of ompA and 16S rRNA genes were
purified using the QlAquick PCR Purification Kit (Qiagen). DNA
sequencing was done at MWG Biotech France (Roissy, France).
Nucleotide sequences have been deposited under CenBank no.
GQ398026 to CQ398031 for 165 rRNA sequences and under
GenBank no. GQ398032 to GQ398038 for ompA sequences,

2.7.6. Sequence analysis .

AlL16S rRNA and ompA gene sequences determined in this study
ed ‘in an alignment’ with previously published
sequences that were relevant for phylogenetic and epidemiological
considerations. Accession numbers of these sequences are )isted in
Table 3, Sequence dita were analyzed using the Bionumerics
software paclkage version 4.6 (Applied-Maths, mmm:n.Zm:m:m.EnmS.
Belgium) as a character dataset. Cluster analysis was condycted
using the categorical parameter and the UPGMA coefficient,

3. Results
3.1. Examination of samples from S\mn,ﬁnbonﬁ

In preliminary examinations following diagnosis of atypical
pneumonia in humans, two working-surface area samples from

Subsequently, samples were collected from 16 poultry flocks,
all of which were regular suppliers to this slaughterhouse. The
prevailing bird species were chickens of the “Barbezieux” and “Couy
nu"-breeds, but guinea fowl (three flocks) and. ducks (one flock)
were also included. In addition, samples were taken from 8 flocks
belonging to the slaughterhouse owner and the flock of the egg
supplier of five breeders raising “Barbezieux" chickens (Breeders
no.3,5,6, 7 and 8). Essential data and testing resuits are given in
Table 1. In real-time PCR examinations, Chlamydiaceae were
detected in 14 flocks, Comparison of Ct values indicated different
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Table 3
BLAST analysis of partial ompA sequences (about 480 nt) of samples from flocks 08-1274/3, 08-1274/9, 08-1274/13, 08-1274/19, 08-1274/21 and 08-1274/22,
Origin of strain ompA partial CenBank acc na. of Highest similarity to-(GenBank acc, no.) Total BLAST'  Query E value Max
fragment size (nt) " partial ompA sequence scare coverage identity
08-1274/3 ' 480bp GQ398033 Chlamydophila sp. 6617-T5 (EU019036) 479 60% 6.00E-132 " 96%
° . Chlamydgphi(q sp. 6620-T4 (EU019095) 479 60% 6Q0E-132 . 6%
Chiamydophila'sp. 6688-T2 (EV019094) 440 62% 3.00E-120 & 93%
08-1274/9 (swab). 489 bp GQ398034 Chiamydophila sp. 6617-TS (EU018085) 695 7% 0 99%
Chlamydophila sp: 6620-T4 (EU019095) 686 76% 0 93%
Chlamydophila sp. 6688-T2 (EU019084) 455 60% LODE-124 . 94%
Chlamydophila sp, PEENT {U82955) 324 59% 3.00£-85 86%
08-1274/13 & 480bp GQ398035, GQ398032 Chlamydophila sp. 6617.T5 (EU019096) 484 60% 100E-133 - 96%
08-1274/23 ‘ Chiamydophila sp. 6620-T4 (EU019095) 484 60% 1.00E-133+ '96%
Chlamydaphila sp. 6688-T2 (EU019094) 457 62% 300E-125 ¥ 94%
08-1274{19 486 bp GQ338803s Chlamydophila felis MOMP gene for major . 182 30% 100E-42 89%
i outer membrane protein (X61096)
08-1274/21 439 bp 'GQ398037 Chlamydophila sp. 6617-TS (EU013096) 363 76% 6.00E-97 84%
Chlamydaphila sp. 6620-T4 (EU01909s) 359 76% 8.00E-96 84%
Chlamydaphila sp. PEENT (82955) 353 61% 4.00E-94 :2:54
Chlamydophila 5p. 6688-T2 (EU019094) 348 75%. 2.00E-92 84%
08-1274/22 483 bp ©Q398038 Chiamydophila sp. 6688-"1’2 (EUQ18094) 320 74% 7 4.00E~84 82%
Chiamydophila felis MOMP gene for major - 204 72% 4.00E--49 77%
outer membrane protein (X61096)
/
Table 4

Summary of preliminary diagnostic testing.

1st invéstigation No. of analyzed samples

23S-stPCR Chiamydiaceae No. of positive samples

©mpA-rtPCR C. psittaci no. of positive samples

In the slavghterhouse 2 12 oft
In the personal flock of the owner (chickens and guineafow!)

Cloacal swabs 20 5/20 ofs
Fecal samples 2 . 12 ot

levels of chlamydial excretion, with birds from flocks no. 3,13,19,
21, 22, and 23 being identified as high excretors and with alinost
100% of animals testing positive. Notably, flock 08-1274/25, which
was linked with flocks 08-1274/13, 08-1274/16. 08-1274/18, 08-
1274[19, 08-1274/20, 08-1274/21, 08-1274/22, 08-1274/23 and
08-1274/24 for being their exclusive supplier of 1-day-old chicks,
proved negative when tested.

Again, C psittaci was not the predominant chlamydial agent,
since only a single sample (from flock no. 08-1274/17, the only
investigated duck flock) was positive in C psittaci-specifi¢ real-
time PCR and, subsequently, also in MLVA. The C. psittaci-specific
MLVA genotype of the duck sample was 2:3:2:0:6:3:0:4 using
primers ChlaPsi_280, ChlaPsi_480, Ch]aPsi_GOS, ChlaPsi_810,
ChlaPsi_222, ChlaPsi_281, ChlaPsi_929 and ChlaPsi_1778, respec-
tively (data not shown).

3.2. Direct genotyping of clinical samples

While PCR using the classical ompA primers CFU/CTL(Denamur
et al., 1991) failed to produce amplicons from positive non-C

08127413 08127488 08127413

0812744

psittaci samples (data not shown), the use of degenerate primers
191CHOMP/CHOMP371 enabled further characterization by RFLP.
DNA extracts from real-time PCR-positive (Ct < 34) cloacal swabs
were subjected to PCR and digested with Alul, As shown in Fig.1.all
restriction patterns within a flock were identical, but clearly
differed among flocks 08-1274/3, 08-1274/9, 08-1 274013, 08-
1274/21, 08-1274/22, and 08-1274/19, As the only exception,
patterns from flocks 08-1274/3 and 08-1274/4 were identical
These 2 flocks belonged to the same breeder (i.e.the owner of the
slaughterhouse, see Table 1). The same was observed for flocks 08-
1274/13 and 08-1274/23, which also belonged to the same breeder
(Breeder no. 3), - '

3.3. DNA-based characterization of isolated strains

In cell culture trials, duplicates of the PCR-positive dry swabs,
which had been stored in SPG medium, were inoculated into
embryonated chicken eggs. Isolates were successfully cultured
from flocks 08-1274/3, 08-1274/13, 08-1274/18, 08-1274/21, 08-
1274/22 and 08-1274/23 (Table 1). The same strains also grew well

084274123 08121418

08-1274724

031274/ 22

Fig. 1. Genotyping of cloacal swab samples by RFLP. Alul enzyme festsiction profiles of partial ompA PCR products from dlinical samples of § flocks. The following samples from
the respective flocks were examined: 08-1274{4 (2 birds), 08-1274/3 {6 birds), 08-1274/9 {1 bird), 08-1274,13 (9 birds), 08-1274/21 (8 birds), 08-1 274/22(2 birds), 08-1274/
23(9 birds) and 08-1274/13 (8 birds). DNA size marker (GeneRuler™ 100 bp. Euromedex, France) was loaded between each flock. Fragment sizes (in bp)are given on the feft-

hand margin.
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using Evans Biue for BGM cells {red color), FITC-labeled ant-Chlamydia antibody for chlamydial bodles {green, A) and DAP! for BGM cell nuclei

(blue, A). Yellow: co-localization of chlamydial inclusions and cellular Evans Blue (A), FITC-labeled anti i il i
) c t 3 -] i-Chlamydia antibody for chlam: dial bodies (B). Scale i
each image. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of the artiyclc) @ parsscegivenon

in cell culture of BGM cells, where intracellular inclusions
reminiscent of other chlamydial agents were observed (Fig. 2).
DNA extracts from these cultures were examined by DNA
microarray analysis using the AT test. Fig. 3 shows a typical
hybridization pattern, where only the genus-specific probes
generated specific positive signals, whereas species-specific
signals were absent. These results indicated that DNA of any of
the 9 established species of Chlamydiaceae was not present in the
samples,

To establish the identity of the strains encountered in the
poultry flocks, partial sequencing of the ompA gene was conducted
for 6 isolates (from flocks 08-1274/3, 08-1274/13, 08-1274/19,08-
’1274/21 08-1274/22 and 08-1274/23) and one swab sample from
flock 08-1274/9. BLAST analysis shown in Table 3 revealed that
ampA sequences of samples from flocks 08-1274/3, 08-1274/9 and

3

A

08-1274/13 exhibited the highest degree of similarity to a group of *
sequences from an outbreak of psittacosisin Germany (EU019094-~
EU019096), which had been tentatively ciassified as Chlamydophila
spp. because they could not be assigned to any of the currently
defined species (Gaede et al., 2008). Furthermore, ompA sequences
of isolates from flocks 08-1274/9 and 08-1274/21 were found to
have moderate similarity to another non-classified strain of
Chlamydophila spp. (U82955) isolated from a peacock. The isolates
from flocks 08-1274/19 and 08-1274/22 displayed moderate
similarity to the C. felis ompA sequence and to one of the group
of sequences from an outbreak of psittacosis in Germany,
respectively, Sequences from isolates 08-1274/13 and 08-1274/

» 23 (same breeder) were identical.

To explore the genetic relatedness of the strains from the
present study, all sequences mentioned in Table 3 were aligned

Fig. 3,‘Hybridiution pattern obtained from examination of isolate 08-127

Signal Values

3

5
£
3,

i SN v - SR (g Y SRR i

BEEE EZTN 5o SEe - SN we v e E—— N
ghEE Ea4y B%gﬁ B8 &gy gEgv ay En ALy £¢ 87 7 sSgsun s
FErD ¢85 gARE £on nag g¥EE BE ¥% off D2 R £ BEANGS &
$5EF 03¢ ofss SRy pRf BSEY B B0 3R anogn P RRIOID &
g5EE G £:86 555 ¢85 5904 8% £5 855 R BL 5 SrifdY 5
SU90 3% 52T Jdp E2d 1588 g5 ¢ g5 57 €4 5 g8 g
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4/3 using the ArrayTube DNA microarray assay. Barplot ofhybridization signals; 1 cansensus pri:be

(family Ghlamydiaceae), 2 genus-specific probes (Chlamydophila), 3 probes specfic for the currently defined nine species of Chlamydiacege..
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with ompA sequences of strains representing the established
species of Chlamydia and Chlamydophila. The dendrogram shown in
Supplement 1 indicates that the strains described here form a
separate cluster situated at the margin of the genus Chlamydophila.
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As.the ompA gene generally is distinguished by high intra-
species diversity among chlamydiae, analysis of the more
conserved 16S rRNA gene sequences was conducted to obtain
alternative information on the identity and characterize the

Key

€. pecarum BO-Yokohama(AB001776)
€. pecorum ES8(DE8317)
. pecorum OVIPA(DBST46)

L
% C. pecorum SPV7E(AR001777)
l_ C. pecorm BoShizuoks(D8S714)
C. pecarum BoMaeda(D8574 5)
€. pecorum Koalatypell(D65717)

06-1274/13(GQ398027)
08-1274/19(3Q398028)
08-1274/21(GQ386029)
08-1274723(GQ298031)
08-127473(G0398026)

08-1274/22(GQ398030)
C. psittad 6BC(UBEL47M13769)

C. psifiaci GCP-1(ABI01786)

€. psitaci Hoh(ABG01787)

C. psiltagi zawa-1(AB001788)

<. psittaci Koala(AB0O1763)

C. psitiaci Mizuno1F(ABD01790)

C. psittaci SugimoldF(48001812)

C. psittaci Cat16(D85712)

C. psittaci PVGCP-1(D8§713)

C. abortus EAE(Z43871)

C. abortus EBA(U73108)

C. abortus EBAUT6710)

C. abortus OEA(Z49872)

C. aborius S26/3(CR852038)

C. aborus B577(D85709)

C. psittaci geneHuBorg(DE5711)

T, psitiaci NJ1(U68419AB001817)

C. cavise Gple(D85708)

C. felis FeC429(D85707)

C. felis FeCello{D85706)

C. fefis Fe145(D55702)

C. felis FeC164(D85704)

C. fefis FeB166(D85703)

C. felis FeC-36(AP005861)

C. felis FeC454(085705)

C. felts FePn1(D8S701)

C. trachomatis ASA-10T(D88316)

C. rachomatis DTW-3CX(085721)

C. rachomnatis HAR-13(D89067)

C. trachomatis BTW-5QT(D85719)

C. rachomatis CTW-30T(D85720)

C. Irachomatis EUWECX(D85722)

C. trachomalis 434(M59178)

€. trachomatis £1/440(DQ019308}

C. irachomalis L26/UCH-1/proclitis(AMB84 177)
C. rachomalis stralnl4/404165(DQ019310)
C. rachomatls £Bour(DQ019300)

C. trachomalis FAC-CAL316S(DQ014301)
C. rachomatis OAUW-/CX(AEDC1273)
C. muridarum Nigg(AE002160)

_C c. SFPDUES43T)
C. muridarum MoPn(D85716)
C. suls RIZ(UTI108UG8420)

C. pneumoniae CPXT! (AF138200)
r(: C. preumanize WEB(DQ444323) .

= [ . pneumoniae CVWLO29(AE001362)
C. pneumoniae TW183(L0¢108)

Fig. 4. Dendrogram for Chlamydiaceae based on a partial sequence analysis 165 rRNA genes. The tree was constructed by the neighbour-joining method from phylogenetic

distances calculated by UPGMA method. Horizontal distances correspond to genetic

distances, vertica} distances are arbitrary,
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taxonomic position of the present isolates. Segments of 1436 nt
representing nearly the entire gene were sequenced from samples
from the five strains and one clinical sample mentioned in Table 4.
All sequences obtained were identical except for a single point
mutation in 08-1274/22. Alignment with representative sequences
of Chlamydiaceae confirmed the separate position of the present
strains outside the existing species of Chlamydaphila, but clearly
within the genus. The corresponding dendrogram is sHown in
Fig. 4. Sequence similarity values given in Supplement 2 also
clearly show the distinct genetic position of the present strains.

4. Discussion

So far, very few studies on avian chlamydiosis in chickens have
been conducted in France and elsewhere. Veterinary investigations'
are usually undertaken when transmission to humans is suspected.
To obtain more information, an epidemiological study on
psittacosis involving 15 French administrative units is currently
underway (htrp://www.invs.san(e.fr/surveillance/psittacose/
default.htm), whose aim is the determination of the incidence of
hospitalized human cases, as well as the frequency of grouped
cases, and risk assessment for exposed individuals. Additionally,
the analysis of strains jsolated from humans and animals and the
description of breeding characteristics and working conditions
should improve ‘the knowledge on risk factors for animal-to-
human transmission, Up to now, most of the recently confirmed
cases of C. psittaci infection have been associated with ducks or
exotic birds (Laroucay et al., 2008b, and unpublished data),

The present survey was prompted by the occurrence of hitherto
unexplained atypical pneumonia in three French slaughterhouse
workers in 2008. This poultry slaughterhouse had originally not
been included in the national study mentioned above, but a
veterinary survey was started as symptoms of the workers were
reminiscent of psittacosis, without any microbiological confirma-
tion.

Although no clinical signs ‘were seen in the birds, diagnostic
testing revealed the presence of Chlamydiaceae in most of the
poultry flocks investigated, and some of the flocks were identified
as high excretors. The levels of excretion were similar to those
previously observed in C. psittad-infected duck flocks, some of
them associated with human infections (Largucau- et al., 2009).
Rather unexpectedly, only one out of 73 Chlamydiaceae-positive
samples of the preserit panel proved positive in C. psittaci-specific
real-time PCR, When genotyping of the chlamydial strains involved
was attempted, C psittaci-specific VNTR primers failed to generate
patterns characteristic for this species (except for the positive
sample). Subsequently, the AT test revealed aberrant hybridization

* patterns, ie. signals of the genus-specific probes for Chlamydophila,

but the absence of grouped species-specific signals (Fig, 3), This
combined evidence suggested that we were probably dealing with
a.novel chlamydial agent,

Analysis by RFLP of ompA gene segments directly amplified
from the most high-titer real-time PCR-positive samples indicated
the presence of a single strain within each investigated flock, but
also revealed that the strains were different from each other. Thus,
6 isolates were obtained from 6 different flocks raising “barbe-
zieux” or “counu"” breeds. Two of them, which were isolated at the
same -farm, proved identical based on their partial ompA gene
sequences (flocks 08-1274/13 and 08-] 274/23). Partial sequencing
of the 16S rRNA and ompA genes revealed that, while 165 rRNA
gene sequences were highly similar among the isolates, the ompA
sequences were distinguished by high inter-strain heterogeneity.
This confirms observations by Everett et al. (1999), who pointed
out that rRNA genes were subjected tg evolutionary pressure to a

‘far lesser extent than genes encoding outer membrane proteins,

such as ormpA. The same authors recornmended that, in order to be

classified as a member of Chlamydiaceae, a taxon should have less
than 10% 16S rRNA gene. diversity to any other member of the
family. This condition is fulfilled for the isolates described in this .
study. Furthermore, comparison of the 165 rRNA sequences with
those of the established species of Chlamydiaceae showed that the
present avian strains formed a separate cluster within the genus
Chlamydophila (Fig. 4). While the evidence gathered so farindicates
that the 6 isolates belong to a new species, the authors are aware
that more DNA sequence data, as well as morphological and other
phenotypic data, are réquired to justify the definition of a new
taxon. To address the epidemiological importance, we will further
pursue the question whether these new microorganisms are
occurring in other regions and countries. In any case, the present
idea of taxonomic classification is stll preliminary.

The present investigations were conducted in a limited
geographical area, which involved, among others, a small poultry
production unit dedicated to the barbezieux chicken breed. This
chain involved a unique breeder {parental) flock which supplied 5
aother breeders (Breeders no. 3,/5.6,7 and 8) dealing with fattening.
The birds were all slaughtered in the staughterhouse concerned.
The first surprise was that one of the five breeders (Breeder no. 6}
was not affected by these new Chlamydophila bacteria (Table 1), Six
months later, follow-up sampling was done in anather flock of this
breeder, and, again, no Chlamydiaceae were detected in 10 animals
randomly selected and examined 5 times in 16 weeks (at3,6,8,12
and 16 weeks of age, data not shown). Another surprise was the
finding that the four famms having infected flocks harbored
different strains, as shown by partial ompa gene sequencing,
and that the strains were apparently associated to an individual
farm. Indeed, sampling another flock of Breeder no. 5 confirmed
the presence of one unique strain per farm based on partial ompA
gene sequences (data not shown). In these circumstances, the
source of infection remains unclear, but vertical transmission can
be ruled out. It should be noted that the new Chlamydophila straing
have also been detected in the “cou " breed of chicken (flacks 08-
1274/3 and 08-1274/9). Interestingly, no Chlamydiaceae were
found in guinea fow! (n=60), although these birds were mixed
with proven pesitive chickens (flocks 08-1274/2, 08-1274/3 and
08-1274/4).

Notably, no clinical signs were observed in animals of the
respective flocks, Autopsy conducted on five birds in flocks 08-
127421 and 08-1274/23, did not reveal any macroscopic lesions,
despite the fact that PCR examination of spleen, liver, lung, and
intestinal tissue samples demonstrated an intensive and dominant
colonization of intestinal tissue withthe new Chlamydiaceqe spp.in
comparison to the other organs that tested weakly positive (data
not shown). This is in agreement with the abservation of Gaede
et al. (2008) that genetically related non-classified Chiamydophila
spp. were found in symptomless chickens during an outbreak of
clinical psittacosis. :

The etiological importance of these new chlamydial isolates for
human pneumonia has yet to be defined. So far, there has been no
hard evidece of the strains being responsible for the three
rteported human cases of atypical pneumonia, Although clinical
signs were reminiscent of psittacosis, i.e. high feverand pulmonary
invasian, they cannot be regarded as specific. The three affected
individuals were successfully treated with macrolide antibiotics
(see Section 2). A possible approach to the assessment of the
pathogenicity of the Present strains could include experimental
challenge trials in mice based on the protocol of Rodalalds et al.
(1989). '

Finally, it should be emphasized that detection of the presumed
new members of Chlamydiacege became possible because of the
use of advanced yet complementary DNA-based diagnostic
methods, ie. real-time PCR in conjunction with the AT test. This
combination, which was already suggested as a reference standard
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(Sachse et al, 2008), can be further recommended for the
laboratory diagnosis of animal and human chlamydial infections.
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BLOOD COMPONERNTS

Frequency of bacterial contamination of platelet concentrates
before and after introduction of diversion method in Japan

i

Masahiro Satake, Takako Mitani, Shinji Qikawa, Hideto Nagumo, Sayoko Sugiura,
Hidemi Tateyama, Syuji Awakihara, Yoshiro Mitsutorni, Masato Muraoka,
and Kenji Tadokoro

BACKGROUND: Baclerial contamination of platelet
concentrates (PCs) is the major infectious risk in
transfusion medicine. To evaluale the necessity of
imptementing novel! strategies for the reduction’of bac-
" terial contamination, it is necessary lo establish a
precise contamination frequency in PCs.

STUDY DESIGN AND METHODS: The frequency of
bacterial contamination in PCs issued by the Japanese
Red Cross was determined using expired PCs before
and after the implementation of the diversion method.
The culture method was designed such that it yields the
least possibility of false-negative results: piatelet speci-
mens were sampled after at least 4 days of storage and
the inocutum volume was 10 mi for both -aerobic and
anaerobic bottle cultures. .

RESULTS: Of the 21,786 PCs cultured, 36 (0.17%)
were confirmed to be bacterially contaminated before
the implementation of the diversion method. After its
implementation, the number of contaminated PCs
decreased 1o 11 of 21,783 (0.05%) with a reduction rate
of 71% and the number of contaminations of clinical
impartance was 4 (0.018%) excluding PCs positive for
Propionibacterium.acnes. The frequency of contamina-
tion by bacleria presumed to originate from donors’
blood did not decrease.

CONCLUSION: The effect of the diversion method on
the frequency of bacterial contamination is robust. The
low incidence of septic reactions after PC transfusion in
Japan in spite of the contamination frequency being
comparabie to those in Weslern countries and the non-
instiiution of cullure screening suggests the imporiance
of a short shelf ile (72 hr) for PCs introduced in Japan.
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acterial contamination of blood components is
the major residual infectious risk in modern
transfusion medicine in developed countries.
The transfusion of blood components with
clinically relevant bacterial species at certain concenua-
tions can lead to sepsis or 4 fatal outcome in trunsfusion
recipients. This is particularly true for platelet concentrate
("C) products that are stored at 20 to 24°C. It is generally
accepted that the frequency of bacterial contamination in
PCs is approximately 1 in 3000.'# To prevent transfusion-
mediated septic reactions, several preventive measures
have been proposed or implemented in cach step from
blood drawing to bedside practice of ransfusion, namdy.
the improvement of the skin disinfection procedure,**
use of a diversion pouch,™ screening by culture for
bacteria, ™™ pH or glucose measurement, screening by
amplification of a bacterial genome sequence,™' " and use
of pathogen reduction/inactivation technologies.™
In Japan, all PC products are obtained using the aph-
eresis systein and the expiry time for PCs has been limited

ABBREVIATIONS: JRC = Japancse Red Cross; PCis) = platciet
concentrate(s).
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1o 72 hours,- which has undoubtedly contributed 1o the
relatively infrequent occurrence of sepsis after PC trans-
fusion. Over the past 8 vears, however, (wo cases of septic
reactions, including one fatal case, after PC transfusion
have been confinmed by the Japaiese Red Cross (JRC)
blood center, and the necessity for the implementation of
novel strategies for reducing bacterial contamination has
been discussed. To this end, it is essential to establish a
precise frequency of bacterial contamination in PCs pro-
cessed under current regulations for-blood procurement
and processing. JRC systematically cultured more than
20,000 expired PCs using the culture conditions that were
expected to provide the lowest possibility of false-negative
results. JRC implemented the diversion method in
October 2006 in the blood drawing process for PCs and
reevaluated thereafier the bacterial contamination fre-
quency in 20,000 expired PCs. In this article, we report the
bacterial contamination frequency in PCs before and after
the implementation of the diversion method and discuss
the possible origin of bacteria detecied in PCs obtained
from otherwise healthy blood donors in Japan.

MATERIALS AND METHODS

Blood collection

In Japan, six types of PC categorized in accordance with
the number of platelets (PLIs) contained have been
approved, namely, Units 1, 2, 5, 10, 15, and 20. Unit 5
contains 1.0 x 10" 10 2.0 x 10" PLTs and the number of
P1Ts contained in other units is in proportion to the unit
number. Units 1 and 2 that are specifically used for infanls
or heconates, representing only 0.2% of all PCs, have been
obtained from whole blood using the buffy coat method.
All other units have been procured using the apheresis
systems of CCS (Haemonetics, Inc,, Tokyo, Japan), Terusys
{Terumo, Inc., Tokyo, Japan), and Trima Accel (BGT Japan,
Inc.. Tokyo, japan). In 2006, splitting of a larger unit was
introduced for processing Units 1 and 2, and all PCs in
Japan.are now produced using the apheresis system. Unit
10is the most frequentiy used, which contains 2.0 x 10! 1o
3.0x 10" PL’J‘s.'represaning approximately 80% of all PCs
used in Japan,

Tor skin preparation for venipuncture, the donor's
cubital-fossa is cleansed by two courses of scrub with an
isopropyl alcohol-containing cotton swab (One Shot plus,
Hakujuji, Inc., Tokye, Japan). Povidone-jodine alcohol
(Isodine field solution, Meiji, Inc., Tokyao, Japan) is next
applied on 1he asea vsing a cotton-tipped applicator
(Sterile Cotton' Buds, Kawamoto, Inc., Osaka, Japan) in
cancentric circles away from the puncture site. Afier 4
minipium of 30 seconds of air drying, the donor's vein is
punctured and blood js drawn, The diversion method was
implémented in PC collection in Qctober 2006 and in
whole blood collection early in 2007 Twenty-five milili-
ters of initial flow of whole blood is collected in the inte-

BACTERIAL CONTAMINATION OF PCs IN JAPAN

grated diversion pouch and the diverted blood is used for
testing and blood archive registry.

Culture of expired PCs

There are 39 JRC blood centers all over Japan that process
and distribute PCs, Among them, seven leading blood
centers have laboratories with an automatic blood culture
system, BacT/ALERT (Sysmex-hioMérieux, Tokyo, Japan.
All PCs expiring in local bload centers after 72 hours of
storage were further stored until Day 4 or 5 at 15 to 25°C
and then sent 1o one of the leading laboratories. The PCs
were maintained at 2 1o 6°C during the transportation. The
laboralories started PC culwire between Day 4 and Day 9
but mosdy did so on Day 8, 6, or 7. Comman procedures
were detenmined among the laboratories for sampling,
inoculation, culturing. and retesting and were strictly fol-
lowed by trained stafl members; a PLT solution of more
than 20 mL was drawn from the PC bag, of which 10 mL
was inoculated into an anaerobic culture boitle and the
remaining 10 mL into an aerobic bottle (BPN and BPA
bottles, respectively, Sysmex-bioMérieux). All the pro-
cedures were conducted under aseptic conditions i a
laminar air flow hood, The inoculated bottles were kept at
35°C in the BacT/ALERT system, and culture was contin-
ued until a positive signal was flagged or continued for 7
days in the absence of a positive signal. When a positive
signal was flagged, culture was repeated using the original
PC and frozen plasma obtained from the same donation.
To.confirm the bacterial species, bacteria-positive culture
botles were sent to the central laboratory of Tukvo Red
Cross Blood Center and Tokyo Metropolitan Institute of
Public Health.

Statistical analysis

The chi-square test was used 1o compure the bacterial
contamination frequency of PCs procured before and
after the implementation of the diversion method.

RESULTS

Frequency of bacterial contamination in PCs

During the period from May 2005 through April 2006
before -the implementation of the diversion method,
21,786 expired PCs were cultured for bacterial examina-
tion. Culture started on Day 4,5, 6, or 7 for 0.4, 20, 19, and
21% of PCs swdied, respectively. There were 57 initial
positive culwires, 10 of which were determined to have
been caused by an inappropriate positive signal by the

- culture machine (Table 1), Of the remaining 47, 11 were

defined as false-positive cultures on the basis of the nega-
tive result of the reculture of the aliquot from the original
PC (Table 2). The number of confirmarory positive results
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63



- g9
S5 NOISNIASNYHL 6002 JaGo1a0 ‘g dwnjop

.unoS Ay 01Uy uogseAUT [¥LIALIRG LG PIsNED eluaLaldeq
WUAISUR a4} TRY) 1533305 SUONPAIISQO s L, 1A 210
10 pen-frotendsar faddn s, 10uop sy wo; pasLiap uaaq
BABLISOUWL LDIUM Jantuounaud snadosodasag Sy panu
“[WRILOD )d B JO uoisnysuen au Lq pasaed sisdas jo ased
fetey v paduauadya Dy [ 1oen Aroiendsas raddn 1o &as)
1210 241 uf punoy Apuanbaiy are pue spfutuaw 1o 'sisdas
'§8003qe [220] ‘sniuopopad asned saWNIWOS StapoLo)
V[oUaYE] PUL SNID)IRISULY SHI0901doUS Yiogl ‘pasnysue
BI2M SUONZIUIIUOD JueAI[3L A|jeDIUND 1R PolRUILLUOD
SOd Ji BUIDDINO [ROIUD SNOLIAS © PISNEDd 3ABY P[1OD
1Y) $o00ds [ELID1RG 1BIDADS PIYNUIPE am ‘SD patidxa
000‘0F ULyl BI0W JO UMD BaISUBIKD 3L yBnowy,
] "UGSIdAID
MO JBILUL JO POYIBUL DU] JU 10440 01 O WSIUBYIILY
[EINRI03]] 34} 31RNULISANS SUONEAIISAO 3s3Y [ "Bas]) 0}
3AY WOLY $DJ. PAIBUILLEIUOD JO IIQUINU B Ul ISLILIIP
€ Buimot|s 'walqoId SNOLas ¥ 9q 0] SUIWDL BIO UD(S
wistsury 10 poofq riayduad siotop a1 wior tusideq
atp &q pasned Ajgissod uoneuiweiund 3Y1 ‘puey 1ayio
g uO (€ 3[qeL '9p0°0 = d) auo 01 wle woy Lpasyiew
pasealdap saum o 10} 1dadxa 1oy UpS SI0UOP At WO
Suneugduio Agssod sHy paeuUIwRIGOD Jo raqumy Al
‘POYIALL wosIaAID Yl jo uoneuswadiug Ay 1wy
‘PAlBLILSIIOAD
39 X0y StyL U ‘pinod Asnoward paquasep aom
eyt uedel uy Ligeiey pue suonsear ondos jo sapousnbaly
pRIeWNSY Ayl ap| JIvys dep-g oyl Ciqium pasasuea)
813M A3Y1 JI PRO[ |BLIAIEG MO| B PRY 1LY IS0L) apn{du]
PIN0> Apnis Ino Ul s PABUNGEINGD Y[ ‘pareutiue)
102 A[LALay 260M UDIUM JO ISOUI 'S¢ JO LOStySULL 2y}
JOSINSAL 3L 3G 01 P2IAPISUOD Aue APMIS AL UL POGUISIP
Litgeiey pue suopaeas ondas jo sater au ‘arojasay uon
“BUDD I31je SAeP G pUE p PAsnjsuen alam S paleuntire}
~H03 341 JO ISOUL U3A0BION "BIOW 10 SARD b 10J PAIOIS ST
o pazenyead Loip afiym PAYNUIIPL 310 PIJRUILUIRIUOD
3433 18UT SO AWOS puw (Jui/siun Fururiof-uood o)
Mof &pane)a sem pasn ay) pPoYrauL 3.n1nd ayt jo {yans
“UdS Y ASNRIAG prof eLalaeg ydiy » pey aARY 0] paIapts
-UDD 318 P3IRUIURIUOD ST PIGHIISAP SANTRaY0D pur sqode|
1BYL ST AU JO 150U 1aA3MO} Appandaddsar ueak 1ad 2og

pUE ZG Sk paleulsa are uedy( uf 1e1Rg () pu suopnaeal
andas Jo LBqunt [rlor ayr Kprys SHYI WO paureqo et
UONRUILEILGD A1) pu sa1ndy asatp yityy Kpris aansads
-01d 1210488 1D JO SISHG AY) WO | [ S suonaral odas
ay Juowe Lueey jo a1RL 3Y) pUR % [p SB SjRat0dWOD
pa1euULEIueD (211218 JOUOISHYSULL oYL 10}u SUoRILHL
ondas jo ates ot parejroges =sondeation pue sqose
12 $[10q 2181 21qoLaL Fust ueyl Sanisuds 1311
SMROYS UIYO 1Ryl pue pojgnop stawnjoa apdwes sy eyl
129 pInom alay sapnog ot owotseur Jusn jo doumd
judis a4, yanod uos.eap oy Joasn oy e aval nd
$190p0Id 97 [ 10 %G [0 KLU SO POIEUILIRIUOI-s31rD
i 3uipnpxo passosdxa aq ‘ar0am( 'PINOY Id0URAI(DL
[EAULS QUM LONBUNULILOD Jo ADUdNbOL oy [ Uedr[ Ut s7) g
J0.3JI1JI3Ys 31 UIPadIXa 1e] ‘UONRUOY D W siep 2 jo
WHULUTULE Y00} 1 1By FUNTIPUL'S01ND [0 LiRIS ay) tua )
{sAep £'¢ ‘urotu) sdep £g9 01 PT'E Se LYY/ [oug Busn
reudis aangsod ayy Sutureiqo 10§ pannbal awn ayy Kpiys
SIU) UL, MO £134 8T 830 D UL Sat0w i Jo paads Jurword
ayl (¢ pur ‘Kaatpp ualixo Jo suta u sown g 10} suon
“IpUod-ammd ewndogns ay aaes pasn Apuannd seq
Dd (2 M0 &394 34 01 pazapisun |1easn st sauow g J0 30Ul
“OA TEDUD AYS (T 218 S J0] SUOSRAL BISSOY | "aln]
“RIAUL AYL U1 Souedyiuds Rt Jo 9q 01 patiodas Lo
U3 SBY S2UIB ¢ '1D%) U] "UOHBUILIBIUGD SNIY f JO JuOL
~AA0AUL YT POl dUl] 1BYY UOSIYSURL T LBYR SUOIIIEIL
98124p JO 110dar OU 193G SBY UIYL 19AdMOY DOuE a0
-AOWIY QY[ oy} ySnoy L parudwddiug sty poyiotw uols
~1BAP 31 10D S131UDD POOq WOl 1eak £10Ad pasea(al
ud3q pef souvp ¢f AQ PA1eUILItod SO 022 Se Auvul
SE LU PABUINSI ST DIGRL UL LLMOUS B12P 34|} UC pasey
toneina[es ayr wody aealk 41929 siuoped 01 pasnjsuesy
bue paseafarale s34 000°002 Aarewixordde ‘tedef ug
'SALILUNOD UIR)Sa Ut
paLtodarasat] 01 a[qriedurod sanfea ays am Y21Um Jo yioq
Aandadsas '%810°0 pun go'y sem poaw UoISIRAID AUy
M 10 1N0U1M $31R1 UONBUIUIRILOD Y ‘pAapisusd al
$ANI0Q 2IMynd vqotar Kjuo Buisn Agruriqo S1Nsa ay
J1°(1alqeg) sawads feuaoeq (12 10 o1/ Aq s3d Ut uonmu
“weie) ersiseq Jo £usnbary ay) padapas Apumoyrudis
POYIB UOISIAALP 31 J0 uoneILEWaldw 3 ||r134a¢)

'$N220201Aydels amebau-aseinbeos = SND |
'SATRI 4O SBQWINY SI SBSBYIUAIRG W JaquINy

(i)goo3
(1) sunwisinba ‘dsans aeyseebsip $nsg0201dans
(1) snoune g

(1) arodsucu ‘s

(1) siptusiopids °g

{1) sinsaeiajoyn ercias enauowses

(1) suapouos '3

(1) smigyaisuoo -5
(2) snaune g

eq (+)wei
{1) snonhoseysses g
(1) 4sND

(1) “ds snaooooilyders-
(v} sipusepids s

poolq (esaydiiay
POOIQ 10 BIOY WS jUBISULL )

€iol ug

UOISIBAID YlAA

UOISIBAID 1N0YIM

eua|oeq o wbuo pajawnsy

SILIE o UBY] JOYI0 SO UL Pa1d21ap $ataads (B1Ia108q PaWIUGT § 31aVL

NYdV NI $0d 40 NOILYNIWYANOD IVI¥I1ove

79

2gelns yum sng
UL 3IP BLIDORG J1 INDI0 §1{NSAU dANETaU-as{2) IR SUIRLUAL
Aupgssod ydnogie sinsar sapedau-asiey jo Ogqrssod
RUHBIW (1M UOFIDIAP [B1131I8Q 10] Sa0DIULDA) djye|imar
IS0 ARUIRIO SAn(RA 1sayB1L AY) AQ PIRoM B[31IR St
Ul POQUISOP UONEUIRILOD [BLIBIDEY jO sopudnbay oyl
{Guiplosoy s&ep £ 10} PANUNIOD SBM 31011 PUE [{10Y
LU YL 10§ DLUN|OA UKL YL L YIIYM "Il O]
SEM AUINOA LONRNI0UL ) 1SI104 D1QOIIE SB (1M SB 21q
-osanue Juisn POIGNPUOD Sem 240D feplaeg umold Sy
jo sisfjo1ne waaoud o1 a8eso1s Jo sdep ¢ saye amesadual
MO[ B & POI0LS DI0M SO IUNWILUL Bt 18 SAep b sem
Sunduies 010j51) D,52 01 §1 12 33 jo polisd adeiols ay
sajqissod sk mo[ se aq plnod sijnsar aanedou-asie) jo L[
-1ssod a1 et yans paudisap aam paso(duia saanpadsosd
amine syl KPS Sl U $3(1I0G 3NN 01Ul Palg[ndou!
swnjoa sdwes paituny 3y pue Jundiues 310jaq au
UNHEANIUT PRI 341 'S 1BY) 'PISN POL[I3W AIMIND 3Y} Jo
Lanistas au Jurpredas sarpys aso(l Ul SUOIRILI[ A0S
43ADMOY 11 AIALL "159) ASEA(AL B SR PAINPUod UL
2I01ND SUTINOI WInd) PSURIQO SINSAL ay) Hodas wayl jo
1sop( Sultnans aning jJo uonruawatdiug gl o 1Kauad
301 U1 SYSLE[RNPISAL AU 312ARAA OF PAIPALS A[IUIIVL UIBY
SEl $Dd Ul UOURUIWUBIUOD [eHddeq jo Lousnbay ayp

NOISSNOSIa

(1 afqer ‘1581 alenbs-1yd
£q £000°0 = d) 912 Aq saads pruideq (v 10] J1et uoy
-BUIHRILOD DY PASERID0P y2NnOd poleIddULL 311 01U MOy
POOLQ RHTUL JO UDISIBAIP 311 1BY) PALUIYUOD SO Paildxa
D0O'0E uRy) alowk Jo ApMIS armnd InQ (g alqeL) uido
TS WO POALIAD 3¢ PINGD 1Yl stauny 'S 10§ aantsod
seA AUO pur ‘poolqy (rrayduad | S10U0p Ay el pax
30 PINOD IBYY JJO0 DRLOYISY PUL synwisinbs
a0 Uaiy snovvovidaas 10y danisod dram om 'L
SI0UOD a1 WO PRALIOP 3 PIN0d 1Ryl sipriwiapida sno
-2000Adp1S 103 aa1IsOd SeAM ST 100) Y JO BUQ "SIV
ue ([l 10410 £L1213RQ £q UonRUNLLIUI0I JO £5Uanbdif 481070
B 9AR( POLIAW UOSIdAID 2yl jo uopeluswaidut 1aye
SEOIUBY poolq DYf wolj pasea(dd ApUaLIng sO4 eyl Jur

6002 1200120 ‘6 3WNOA  NOISNASNYHL $§1Z

-JEDPUL 2U01ND 3[04 I[qOIIRUR AqQ pUL DIGAIIR Aq ({10
$2(00d5 19410 £ PAIBLILUEINGD 2 0) PUNO} AIM S, I00f
Suutewar ay g a4mynd Aptog dqosarde Sq {Uo sawn g
£ PIRULERILOD 3G 0) PUND) 319M $Dd 11 941 Jo (%2E0 )
u9AdS SO PN [(8 J0 %060°0 Funuasatdar aanisod
Lo)RUUYLOd SE paliuL@p oM ([ pue aantsod
9ty 240M [ [ Ajstoladtd paquosop sk am|iey dwydeL
A pasnEd sEm dUG (DM JO Daised Kjlegiur arom sl
-S1oMy APRIS B JO SHUSAL 31 SMOUS [ 2jqRL TPoyIaw
QAP OB PUE J10JOY UIIMNII( SINF[ID) JO LIS Ju 1P
AABRISERIT

uo
ALY up 93UARIMP JuRIPUBS ou sean oy
PAPNIS SO JO %HT PUY [T BT ‘0 10} 2 10 ' 'S F AR(]
1O POIILIS 2ANND "gO0T YXMEBR Ul SDd €827 (7 JO 310Ny
24) Y POPUB pul 9N7 J3Qiuadd(] Ul PIUEISIE S|
poxdxd Jo Lprs aunpnd dt unpasord Ayl i 1oLy
-01d AUILIIQ SIS UNLIBUNP AIBAI UT JJRIS A1 UM ‘POl
SI3AID 91 JO UONDNPONUL 3t]) 131JR S(IUOLL OM[

‘(€ pue ¢ saiqry)
sy pateadar Lq $D 4 Ul PIOIANAP 10U seMm NG SO
1€ Ul Pa1031ap A{[RIIUT SR Sa1IN if "WEeaNS POoj( ,SI0Uop
AN 10 BIO[] UPS JUSSURD WO I3YI3 PAALAP A PIAoD
pue s $n90030){ydnlS £Q PaltULIRILOD 1M $)J
om Buiuiewal ag L (g AqRL) poo(q [ryduad siouop ayl
Wodf 9341) PUB UlYs SIOUOP 3YI UI0I} PIALIP 3 O} PILD
-pIstod a1 soads [euUsdeg sndw g-uou iy souon
d pue 'ds 51100000 (ydm1$ £q PIIRUILITILOD0D SLM Df dUQ)
240112 BR10Y NYUIIBLE PUEB D[QUIIR AY (10( pPaynuapt
M {%090°0) udBUIYL ([ B[QBL) SPULD WrILIINGILO
-1doig 3Q 01 pauuLIaap ([ 213m s2dads [erisoeq oyl pue

t

201N 9110 21qoLaRUE G S[UO PALIUDPL2IOM (44 11°0) b7
'GE 951 JO TPRMYNI D B JO %2 1°0 Sunitasardar 'gg sem

‘G SEM SBUDE o Jo) dAiNsod A
TLE SEM SAUDE  J0j aAISOd Al

| S8UNyND J0 JBquinu dy | |
1 S8JMND JO 19QWINU 24|

{1} snanAjoseyases snososodydess
{1) s15U8UIYSOYD SPYRQINGLG
(2) "ds smyoeg
4(g) souse g () saude
(k) = U) UOISIBAID Ui {11 = U) UOISIBAIP INOYIIA
ainyno aajtebaujeadas Aq santsod
3sie) S PaulLialep Saidads jenaideq 2 3719VL

{1) sugmnona snyoeg
(2} "ds snypoeg

‘a|oq aunyn2 digosaeue Buisn sanisod osie aq oy pal

sauoe o AQ PaBLILEBIUGD 3G O} P

UBPI 818Mm B1I0Q AUNKND 21qoise Buisn eLadeq Joj
uapi 319m 81263 BRI0Q 01G0IBR PUB BAISCd AWOG JIGOIIRUR B1aM IBYL SAIND 3L Yy 1
'ds 5n20000iAydelS puB 53UR y AQ PAIRUILERILOD GNP Sem AnYND AU )

sad sa:nynd syl v §

‘patnads 8simiayio ssafun (%) Jjequwnu se papoda,s ase BleQ

(2500 =d} 0z {8100} v {0900) £1 §oiqosseur pue 2igoIdY
(y00'0=19) 42 (ze0'0) £ (1o} ye (sauze o) $Auo ngoiseuy
(£000°0=4) 1L {050°0) £t (21°0) dog annisod Aiciewiiuon
133 3 8amsod 3By
i [s18 1Bf 3uORN
(1i-oree (9z0t ¢S ul
£€82'12 98212 SAIMYND JO JAGUINN
uoisIanip AqQ (9) uononpayy UOISIBAID UIIAA UQISIBAID INOUIIAY aqeiep

L

»POYI3W UOISIBAIR [NCYLIM JO lim Paldalod SOd Ul Uoiieuweiuod |211310eq jo >Ucv;~uw-u L3N8l

IV L3 IAVLivS



SATAKE ET AL.

stream from the oral cavity, periodontal space, or upper
respiratory tract is not a rare event but that people with
such bacteremia represent a considerable proportion of
otherwise healthy blood donors.

Three PCs eontaminated by S. aureus were identified
during the culture study. Through donor interview, it was
verified that two of the three had atopic dermatitis on their
cubital fossa or face, S. aureus has been implicated in bac-
teremnia or sepsis in patients with atopic dermatitis®
and it is possible that the organism invaded the donors’
peripheral biood from their skin lesion and cventually
cantaminated PCs. Skin lesions such as atapic dermatitis
may serve as a risk factor for bacteremia in blood donors
regardless of whether the lesion is on the venipuncture
site or not.

In spite of the considerably high rate of bacterial con-
tamination of PCs, only two septic cases including one
fatality have been confirmed over the past 8 years from
2000 through 2007, These figures are smaller than those
reported by Lder and coworkers® for rate of -fatality
(1/500,000) and septic reactions (1/75,000) after the
implementation of universal culture screening of PCs. The
most likely reason for it is that the shelf life of PCs has been
limited to 72 hours in Japan. We believe that administra-
tion of PCs as soon as possible after processing will remain
as the best strategy of preventing transfusion-related
sepsis whatever hew strategies for the reduction of bacte-
rial contamination in PCs are implemented in the near
future, although we detected contamination with £ colr
and S, anreus, two organisms that can grow rapidly in PLT
products and lead to life-threatening reactions within 3
days of collection. Another reason may be that all PC
products in Japan are obtained using (he apheresis
system, which would decrease the contamination rate in
theory, although some recent articles argue for the simi-
larity of contamination rate for apheresis PLTs and pooled
PLTs. 5 I is also possible that low sensitivity of the current
hemovigilance systern contributes to the low rute of seplic

_reactions inJapan. It is, however, highly Jikely that at least
the fatality rate ubtained represents a rea] occutrence, as
suggested by Jacobs and coworkers,” because it is man-
datory “in- Japan for clinicians to report any serious
transfusion-related adverse effect’ 1o the Ministry of
Health, Labour and Welfare, and every such event is also
evaluated by the JRC headquarters.

The introduction of culture screening is unlikely in
IRC blood centers because it will oblige us 10 extend the
shelf life to § days, which would trade off the real merit of
.the currently short shelf life of PCs. To determine whether
the implementation of a novel strategy such as pathogen
inactivation/reduction”* or point-of-issue testing of PCs
using a tapid assay® is indispensable, it is essential to
establish the data for patients to be rescued with the new
strategy and the’ cost required for the institution and
maintenance of the new strategy.
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