89

69

BUARHRR S 21
EXE HESGE BEASE

BWIE S - MEEY FE—BAFH HEXLEDOK S REBBLER
| 20102/ 22 8 BT/l

— B O & B MEOEEBY

CDC,/Travelers' Health
(Updated: February 18, 2010)

RAEE A (R EL)| FEDOLEY

fEIRE A - 2009 225 2010 FEMBC AT TA > FERS T, &4, = L7
ATPRELTNS,

KBNTTF I o2y o4 vz2BnT s b7 L A EDEERRKR -

T DB EYE
2006 LR, 777 RUM > KU CT 7 2 7 = X OB S0 TuB 25, 2000 B4 2 57 vt 1 mimge | OB L
B> T 43,206 §f GECHIRE L) A5, # 4 Tht Phuket TECHEME PO 49,069 HHEH, < L— 7 THL Sarawak Kedah
W ALED 2 LT 4,430 BIRR (FECHIEME L) @%ﬁﬁfﬁ]i)ﬁ?ﬁ%éﬂf:u Elz A2 FX L7 TH Sumatra B o lampung &
FIEBIZ 30T 2009 4 12 A% 425 2010 45 1 A UI5IC 6,700 Hl0rF 2 T2 BB L— 2T T 2010 BV 5
W 325 BloF o VIV RMEFABE XN TS,

SO oy

SHORE

Sk bEEERONEITE D A OREIEOFER &

D &0
: ’ BoTi&iown,

MedDRA12.1

bk c:e

OAMET T I QARBTAT I QARIEFTAT 2 2™, QAR T QARE I 0T Y o, ®A&REIT0TY v )
QBRI UNBARE S 0T o, @HBEST L VABAGE a7 v QUBANKRNUARE S 0T ) > @R AAREAS
EruT ) QEBAVMUAREI 07 ) v QBRI TILARE S 1T ) v, QEBANKRASRE S a7 Y o @i AR
fEARE 0T Y % GEBREBAEEILTaF A C, QIR BAHAMEES IR F . QEBEFADEEEEIRTF. Oike
= M A | SALREEREIET. O%RBEALEEESIRT. QuBRHAMMERSXE T, OLREGANLGEESXET. OEBEL
AMBEEFEXEF. QFQEBAALKEEEXRAT, OUGIRERAGE a7 . OUBRHNBEERARE /27 Y v @5 HBs
ARZETa 7Y @R HBs A a/ )y Ghuvtty @747 JEUMBXIRF, @747 )/ FAUMEXTRT. O
BEREAT v Frar e i, QERBHGAT T rorrrl, @k 24 3 YMARE 0T Y CHE, @F IUMARE s T Y
BA, BAMET AT I % @ARET AT I~ QBRI REARE S 0T vt GEARBEAT v F o YL

ORL7 AT 220 “RB . QRRILT VT2 25 “(bhdF". QAMIET AT S > “YCaRF + @ “Lmih Hr=—ra7ir @
Hre—a7 Y AFHE 450me/Inl (Ll ), @F »~—2 07 Y i 1500ng/10mL T{LmEF] . ORMBES 07 Y > “YehffF”. @k
2" a7 Y RS 2500mg TEMBF), @RM~=oy— 1, @fi~N=0— [ %A 500mg, M~ =2 > — | 5%7EH 1000mg. @k
s = — A 2500mg, @FRMAS= 0> — T FEEM 5000ng, @<=+, @ERATF2 kC2, 500 Bir ®=ar777 hF, @
SR A(REA) | 20777 FFEMA 250, B2 772 NFEMA 500, @377 2 FFEER 1000, ®//57 bM, 6 ) <0 FMESA 2500 @/
sy PMEESA 500, @/ /%7 FMIEHAE 1000, BF F ) —3F @75 /=T 250 BT, @~ bt—F, @~ kS5
200 Bfir/ml, @ bu ey MR, @R~ @R —LEEESH. @7 2o P, @7 A0 P500 A, ©®t
AUy @ERFSuCCETEM, @747 IV 0%, @F LTI S%iblmbfx, @BESOT Y ox @7 R
P 1500 75

F2 7 =% A2 (Chikungunya virus) X, k7oA 1 2F (Togaviridae) DT LT 7 A L AR (Alphavirus) IT4¥E&ERN
5 1 AHD RNA 28t L L T >ER 70nm DXy —TeETHRRETFTHY . ZhETCRENTORE, BTFRBEIATH
TRVAS, 2010 12 A E TIZIBAMN L OBAER L LT 15 BIOBENHD, F7 07 =2% 04 LA L - TS S ho B0, Rz
DANZMERRITZ20b, BEEMLT VA NARIET B AR R B E CE RN AR E ST 5 1m,

LFRMNAOMETRIC, Ay / —ADETE, vA N ABREESBTEH D VIEMATREDFENR 5 TANRBRE - REE
TERIMFELTNDEOT, FIE YA AADBFEMEITRALTNEZE LTh, DA AR YT IV ARMBEND, SEGETERO 90
HECEDOER ABRE - RFEALPRE, TIFSEREIO Y A VAT 5RSMRRIZET AL K42 (EERFE 1047 %, ER 11468 8 30 B)
KEED UV W AETR I A LR (BVDV) RIEFERF DA LR (PRV), 74 LKA L2 (PPV). ATIFFR U A /L2 (HAV)
ELMOHRIANA (EMCV) 2EFATANZRELT, SANATOEZAYF -5 YEERL, FHEEToCWD, 4ES
FLEF I VT 2X VA NAET R0~ DEE, BBOBEEPLETATA LA L LT BVDV A Y45 EEZORBMN, k
Y Fetg CORRNG, BVDV OB - RIEUHBESET5 - b AR LT3, -, ZhETIEBRANCL3F s 0=

YA NABREOBEFILEN, ‘ '

*RIEREET > TR

PEDEh G, LEBART 7 vV o oA LA S ERMAREBL OB L ER S,



E]%'Igﬁ Centers for Disease Control and Prevention

Your Onfine S_ource for Credible Health Information

70

lttp://wwwnc.cdc.gov/traveI/content/outb:jeak-notice/chikungunya—fever.aspx

INF2009~011

Outbreak Notice

Chikungunya Fever in Asia

and the Indian Ocean
This information is current as of
today, April 07, 2010 at 21:25 EDT

Updated: February 18, 2010

Situation Information

Since 2006, parts of Asia and the Indian Ocean
region have reported chikungunya fever activity.
Several countries have increased surveillance for
this disease, and cases continue to be reported
throughout this region.

Chikungunya fever is a disease caused by a virus
+that is spread to people through the bite of infected
mosquitoes. Symptoms can include sudden fever,
joint pain with or without swelling, chills,
headache, nausea, vomiting, lower back pain, and a
rash. Chikungunya mainly cccurs in areas of Africa
and Asia. In 2007, limited transmission of
chikungunya virus occurred in ltaly.

The following examples highlight some recent
chikungunya activity in Asia and the Indian Ocean
region:

Indonesia

A chikungunya outbreak has been reported in the-
southern province of Lampung on the istand of
Sumatra. From the second half of December 2006
through the beginning of January 2010, 6,700
chikungunya cases were reported. In 2009, no
deaths due to chikungunya fever were reported,
although a total of 43,206 cases were reported
across the country from 12 provinces,

Thailand

In 2009, a large outbreak of chikungunya fever
affected the country, particularly the southern
region, including some tourist destinations, such as
Phuket. According to the Ministry of Public Health
in Thailand, over 49,069 cases were documented in
more than 50 provinces. Reports from Thailand
show that chikungunya virus continues to circulate
throughout the country.

Malaysia

In 2009, the Ministry of Health in Malaysia
reported over 4,430 cases of chikungunya fever,
No deaths were reported. The most affected areas

- are the northem provinces of Sarawak Kedah,

followed by Kelantan, Selangor, and Perak.
Chikungunya activity has continued in 2010, with
an additional 325 cases reported in the first 5
weeks. The cases occurred predominately in
Serawak.
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Advice for Clinicians

Clinicians should be aware of the engoing global
chikungunya activity. Chikungunya may present in
a similar fashion to malaria and dengue, with fever,
chills, and generalized myalgias. However, after
the acute illness, patients with chikunguaya may
have a prolonged course of arthralgias ot arthritis,
which may lead health-care providers to consider
and begin testing for rheumatic diseases. These
signs and symptoms can persist for several months.

For more information, please see Chikungunya
Fever section of CDC Health information for
International Travel 2010.

Advice for Travelers

No medications or vaccines are available to
prevent a person from getting sick with
chikungunya fever: CDC recommends that people
traveling to areas where chikungunya fever has
been reported take the following steps to protect
themselves from mosquito bites.

«  When outdoors during the day and at
night, use insect repeflent ‘on exposed skin.

o - Look for a repelient that contains
one of the following active
ingredients: DEET, picaridin
(KBR 3023), Oil of Lemon
Eucalyptus/PMD, or [R3535.
Always follow the instructions on
the label when you use the
repelient. :

o In general, repellents protect
longer against mosquito bites
when they have a higher
concentration (%) of any of these
active ingredients. However,
concentrations above 50% do not
offer a distinct increase in
protection time, Products with less
than 10% of an active ingredient
may offer only limited protection,
often only 1-2 hours.

o The American Academy of

" Pediatrics approves the use of
repellents with up to 30% DEET
on children over 2 months of age.

If you get sick with a fever and think you may have
chikungunya fever, you should seek medical care.
Although there is no specific treatment for the
disease, a doctor may be able to help treat your
symptoms. Avoid getting any other mosquito bites,
because if you are sick and a mosquito bites you, it
can spread the disease to other people.

For more travel health information, see the
destinations section and search for the country you
are planning to visit.

"More Information

The incubation period for chikungunya (time from
infection to illness) is usually 37 days, but it can
range from 2-12 days. Chikungunya fever
typically lasts a few days to 2 weeks, but some .~
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HOD RBCs Stored For 14 Days Are Significantly More immunogenic
Than Fresh HOD RBCs

J £ Hendrickson' (jeanne.hendrickson@ choa.org), E A Hod?,

S L Spitalnik?, C D Hillyer, J C Zimring®. ‘Depariment of Pediatrics,
Emory University, AFLAC Cancer Center and Blood Disorders' Service,
Atlanta, GA, USA; *Depanment of Pathology and Cell Biology, Columbia
University Medical Cenler, New York, NY, USA: *Department of Patholagy
and Laboralory Medicine, Emory Universily, Allanta, GA, USA

Background: Within FDA iimits, red blood cells (RBCs) are generally trans-
tused without regard to length of in vitro storage. However, recent studies
have raised concerns thal transfusion of older stored (i.e. aged) RBCs may
lead to adverse events in cenain patients. We hypothesized that aged RBC
transfusions woutd lead to higher rates of RBC elloimmunizalion, and devel-
oped a mutine model to test this hypothesis. Materials and Methods: RBCs
tiom HOD donors (expressing lransgenic RBC specific hen egg lysozyme
(HEL) fused to human Fyb} were collected in 12.3% CPDA, leukoreduced
(LR) with a Pall neonatal LR filler, volume reduced 16 a Hct of 75%, and
stored at 4° C tor 14 days, C57BL/6 recipients were lranstused intravenously
with 500 L of a 20% solution of fresh or aged (stored 14 days) LR or non-
LR ABCs. Flow cylometric testing of HEL and Fyb expression on pre and
post-transfusion RBCs was done, with 24 hour posi-transfusion survival
-delermined by extrapolation 10 time 0. Blood cultures were performed on
representalive samples prior 10 transtusion. Alloimmunization was tested 2
weeks post-transfusion by anti-HEL 1gG ELISA using titraled sera. Results:
In 5 of 6 independent experiments {n = 62 imice), fransfused aged RBCs
were 10-100 fold more immunogenic than fresh RBCs as determined by
HEL specific ELISA (p < 0.05 by 2 way ANOVA with Bonferroni posttest).
This increase in immunogenicity was also seen with LR RBCs: in 3 ¢l 4
experiments (n = 42 mice), aged LA RBCs were more imrhunogenic than
Iresh LR RBCs (p < 0.001). In 2 of 2 experiments {n = 20 mice), aged RBCs
washed 3 times in saline led 1o similar levels of alioimmunization as did
unwashed aged RBCs. Gram's stain and culture of 7 of § representative
units was negative. The calculated 24 hour post-transfusion survival for
fresh, aged, and aged LR blood was 100%, 38,7% (95% CI 31.8-45.6), and
43.9% (95% CI 35.9-51.9). In 4 of § experimeiis, HEL and Fyb expression
on aged RBCs was identical to that of fresh RBCs. Conclusions; Transfu-
sion of LR and non-LR transgenic HOD RBCs, stored tor 14 days in condi-
" tions similar to 1hose used in human blood banking, induce highet levels of
alloimmunization than freshly coliected and transfused ABCs. This cannot
be explained sclély by the presence of contaminating WBCs or bacteria. In
addition, because washed RBCs are as immunogenic as unwashed RBCs,
the RBCs themseltves may be responsible tor the increased immunogenicity.
Although the 24 hour post-transtusion survival is below the -average for
human RBCs, this study is a proot of principle testing of the effect of aging
on RBC afloimmunization. The reproducibility of these findings in other RBC
antigen syslems, as well as the polential transiationat applicability, remains
to be determined.
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Crossmatch Incompatible RBCs Have an Intrinsic Range of
Susceptibility to Hemolysis

J 8 Liepkains® (jslhepk@ emory.edu), J C Zimring', 'Center for Transiusion
and Cellular Therapies, Emory University School of Medicine, Atlania, GA,
usa

Background: During crossmatch incompatible transtusions, clinically sig-
niticant anlibodies can lead 1o brisk hemolysis. However, for some blood
group anligens, antibodies are hemolytic in certain patients but nol in others,
The:reason for this variability is poorly understood. Using a mouse model
ol crossmalch incompatible transfusion involving human glycophorin A
(hGPA) as an RBC antigen, we have previously observed that some hGPA
ABCs clear but others continus to circulate despite being coated with igG.
We have also reporied that the mechanism of resistance was neither anti-
body depletion nor saturation of the reticuloendothelial system. To turther
characterize heinolysis resistance, we tested whether resistance is an
acquired or intrinsic propeity of the RBC. Methods: Incampatible hGPA

Dil and DIO, respectively. Mixlures of lhe labeled RBCs were transfused inlo
wild-type recipients {transtusion 1) that had been passively immunized with
a monoclonal antibody against hGPA (6A7), Two days post transfusion,
RBCs were collected and were mixed with freshly isclated hGPA RBCs
labeled in a thitd color (DiD). This mixture was then transfused into naive
mice {transfusion 2). which were likewise passively immunized with 6A7, In
all cases, RBC survival was determined through enumeraling each popula-
tion by flow cytometry, Ciearance in transfusion 1 was determined by cal-
cutating survival of hGPA RBCs as a function of compalible wild-type RBCs.
Hemolysis resistance was defined during transtusion 2 as decreased clear-
ance of hGPA RBCs from transfusion 1 compared 1o clearance of fresh
hGPA RBCs. Titrations of 6A7 were pedormed in transfusions 1 and 2.
Results: In transfusion 1, NGPA RBCs showed initial rapid clearance pro-
portional to the amount of BA? injected. In all cases, the surviving hGPA
RBCs were 30-100% resistant lo clearance in transtusion 2 when exposed
to the same concentration of 6A7 &s in transfusion 1. However, it an
increased concentration of 6A7 was used in transfusion 2, then resistance

lo clearance was less (range 20-60%). Conclusion: The observation that -

hGPA RBCs are resistant 1o clearance by the same concentralion of A7 in
transfusion 2 as in transtusion 1, but are Jess resistant o increased antounts
of A7 in transfusion 2, suggest that RBCs have a range of susceptibifity to
clearance as a function of antibody concentration. The mechanism ol dif-
terential susceplibility to clearance is uncertain, but may include ABC age
or antigen density. ,
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Dengue Viremia in Donations from Puerto Rico During (he 2007
Dengue Qutbreak

S L Stramer' (sttamets @ usa.redcross.org), J M Linnen?, J M Carrick?,

D Krysztof', K D McMitin®, A'De Vera®, E A Hunsperger®, J L Munor®,

R Y Dodd’, 'Scientitic Support Olfice, American Red Cross, Gaithersburg,
MD, UUSA: *Gen-Prabe, Inc., San Diego, CA, USA; ‘Biomedica! Services —
Alabama, American Red Cross, Birrningham, AL, USA; ‘Biomedical
Services. ~ Pueno-Rico, American Red Cross, San"Juan, PR, USA;
*Centers for Disease Contiol (CDC), San Jaun, PR, USA, *Halland
Laboratory, American Red Cross. Rockvilie, MD, USA

Background: Dengue virus is the most important arbovirus In the world; its
range is expanding. Like WNV, dengue is transmitted naturally by the bite
of"an infected mosquito but also js translusion lransmitted. Data from 2005
in Puerto Rico (PR}, a dengue-endemic area, demonstrated a rate of donor
viremia of 1:1300 during the latter halt of the 2005 epicemic seasan. in 2007,
a much larger dengue outbreak occurred in PR from which samples from
donors during the epidemic period were retained for testing to further confirm
donor viremia rates and for recipient ‘tracing of components from positive
conations. Methods: Samples were retained in a.repository -and spiit intc
two sets for viremia studies: those units exporled and transfused in the
continental US and those transtused in PR, Samples were lested individually
by a research transcription medialed amplitication assay {TMA, Gen-Probe).
Initially reactive’ {IR) sampies were retesied by the original TMA and an
allernate TMA (alt TMA used for the units translused in PR only) without
dilution and at a 1:16 dilution 1o model pooting. All TMA-repeat reactive (RR)
samples were considered confirmed. Additional virologic/infectivity and sero-
logic lesting was performed at the CDC dengue branch in PR including PCR
to define the dengue seralype and viral load, mosquito cell culture and IgM
{esting. Hospitals rfeceiving camponents from RR donations were conlacted
to inittate recipient tracing including a detailed questionnaire about symploms
and risk tactors. The study was IRB approved. Results: A total of 15,350
samples-were tested with 28 IR and 25 RR samples considered confimmed
posilive (pos) for a prevalence of 1:614 consisting of 12 dengue-pos dona-
tions exported from PR into the continental US (1:533) and’13 pos donations
that remained in PR (1:689). Specificity was 99.98%. A 1:16 dilution detected
14/25 {56%) RR donations. Further supplemental testing (COC) demon-
strated dengue virus serotypes 1, 2 and 3 (corresponding to those circulal-
ing in PR); 11/25 {44%) samples had RNA titers of 10°5-10°9 copies/mL of
which all 11 also infected C636 mosquiito cell cultures. 9/11 (82%) PCR-pos
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samples were delected at a 1:16 dilution, 6/22 (27%) samples tested for IgM
were pos, only 2 of which had quantifiable virus (1076 and 1028) with 1
detected at a 1:16 gilution. Of the 4 remaining lgM pos samples, only 1 was
pos ata 1:16 dilution {low level pos) for a total of 2 IgM-pos samples detected
when diluted. Recipient fracing in the continental US and PR is underway.
Canclusions: Like the prior study identitying dengue viremic donations' in
PR, this study demonstrales a high frequency of viremia during dengue-
epidemic periods with nearly half of the RNA-pos donations lacking IgM,
having high-liter virernia and infeclious in celi culiure. Screening of donors
should be considered during dengue-epidemic periods.
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Highly Sensitive and Equivalent Detection of Dengue Virus Serotypes
1, 2,3, and 4 with an Enhanced Transcription-Mediated Amplification
Assay

J M Carrick' (jamesca® gen-probe.com), J Knight', C Lontoc-Bugay',

C Motta', J B Wellbaun', C Fleischer', J L Mufior®, § L Stramer?,

J M Linnen'. 'Gen-Probe-Incomorated, San Diego, CA, USA; *American
Red Cross, Gaithersburg, MD, USA; *Cerniters for Disease Fonlm/and
Prevention, San Juan, PR, USA

Background: Based on WHO estimales, the incidence of dengue has
grown dramarxca(ly around (he world in recent decades and is now consid-
ered to be a major international public health concern. To investigate the
risk of dengue virus {DENV) transtusion transmission, we developed a
prolotype nucleic acid test (NAT) based on Transcription-Mediated Amplica-
tion (TMA) that was used to show the feasibility of detecting DENV RNA in
asymptomalic bloed donors from Honduras, Brazil, and Puerto Rico and in

clinicalty ill patients from Puerto Rico. Qur previous results demonstrated -

the importance of detecting all 4 DENV serotypes at low copy fevels with
equivalent sensitivity. Recently, we developed an improved TMA Assay with
increased sensitivity for each of the 4 serotypes. Methods; The enhanced
TMA assay uses the same technology as other PROCLEIX® assays, con-
sisting of lysis and larget caplure of viral RNA followed by TMA and chemi-
luminescent detection by Hybridization Protection Assay (HPA). Anatytical
sensitivily for serotypes 1, 2, 3, and 4 wers determined by probit analysis
ot results from lesting serially diluted live DENV and DENV ANA transcripts,
Live DENV was obtained from the Division of Véctor-Barne Infectious Dis-
eases, Centers for Disease Control and Prevention, Fort Collins, CO. Assay
specilicity was delermined by testing 988 US blood donor specimers and
8,680 donor specimens from Pueno Rico that were screened previously with
the eatlier version of the TMA assay. Provious screening of these specimens
yielded 14 positive results. Samples were tested of the fully automated
PROCLEIX® TIGRIS® System. Resulls: The enhanced dengue assay
showed 85% detection at 14.9, 18.3, 13.0, and 16.4 copies/mi of DENV 1,
DENV 2, DENV 3, and DENV 4, respeclively. Analylical sensitivities for each
of the tour serolypes were detefmined 1o be not statistically different. There
were 1o reactive samples among the US donations. The improved assay
was able lo detect all 14 positive donations identified by the original assay
in the Puerto Rican donations; an additional 7 reactive samples were iden-
lilied with the improved assay, of which 4 were repeat reaclive. The overatl
assay specificity tfrom lesting the US and Puerlo Rican donations’ was
99.97% (95% Cl: 99.91-99.99). Concluslons: Using the improved dengue
TMA assay we demanstrated reliable detection of all 4 serotypes of DENV
below 20 copies/mL while maintaing high clinical specificity. The analytical
and clinical sensitivity results from this study indicate that the improved
dengue assay has the potential to idenlity a.larger number of low viral load
DENV infections in both blood screening and diagnostic applications.
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Carrelation between Yield of WNV NAT Screening of North Dakota
Oonors Qver 6 Epidemic Seasons with WNV Seroprevalence at the
End of 2008

M P Busch' (mbusch@ bloodsystems.org), V Winkelman?,

J Dunin Williams?, H € Prince’, C Yeh?®, B Cusler', L R Petersen’. 'Blood
Systems Research Institute; & Univ California, San Francisco, San
Francisco, CA, USA; “Blood Systems Laboratory, Tempe, AZ, USA:
YFocus Diagnostics, Cypress, CA, USA; “DVBID, Centers for Disease
Cantral & Prevention, Fi Coflins, CO, USA

Background: MP-NAT for WNV was implernented in 2003, with progressive
enhancement in screening sensitivily over the next B years by using targeted
ID-NAT in epidemic areas with increasingly stringent trigger criteria. jn our
system, North Dakota (NO) has had the highest overall rate of WNV+ dona-" ;
tions. Seasonal yield has fluctuated, but remained beiow Ihe 2003 peak
yield. This lower yield may be partly attributable to prior WNV infections in
the population, leading to population immunity, This cross-sectional study
determined WNV antibody seroprevalence after the 2008 transmission
season, and correlated this seroprevalence with annual NAT wyield rates in
the state. Methods: 5000 samples from ND blood donations were archived
{ram late Oct-Dec 2008, >1 month alter the las! NAT yield donation and tast
WNV case report in ND. Samples from donors resident in ND were selected
and tested for WNV igG; IgG-positive donations were further tested for WNV
igh to identity recent infections (Focus Diagnostics). NAT yield cases (con-
firmed by replicate NAT/serology on index denation and/or tollow-up samples)
from NO donors were compiled by year, and turther sorted Into those detect-
able by MP-NAT (based on MP-NAT delection, of reaclivily at 1:16 dilution
il detected by I0-NAT) vs those detectable only by ID-NAT. Annual incidence
was projected based on annual MP-NAT yield and a 6.9-day MP-NAT yield
window period (Busch et al, EID, 2005). Results: Of 3594 donations by ND
donors from Oct-Dec 2008 tested for 1gG, 296 (8.2%:; 85%C1 7,3-9.1) were
positive for WNV [gG; of these 26 (8.8%} confirmed posuive for WNV.igM.
The yield of WNV MP-detectable (MP-NAT+) and !D-only detectable (iD-
NAT+} donations, and the projected WNV incidencefyear, are shown in the
lable. Conclusions: The proportion of ND residents previously exposed to
WNV, based on donor IgG seropositivity in lale 2008, is currently B.2%. Thus
the general decline in WNV NAT yield in the past 6 years is not atlributatle
to human population Immunity, but rather likety due to ecological tactors
inftuencing WNV transmission to humans. The B.8% rate of IgM detection
among IgG+ donations is consistent with the propontionate yield of infections
in 2008 (7/124, 5.6%), with some contribution of persistent igM trom 2007
infections. Cumulative annual incidence prajected from annual MP-NAT yield
cases correlaled reasonably well with observed IgG seraprevalence, sug-
gesting that cumulative MP-NAT yield data from other areas can be used
to project WNV infeclion rates throughout tHe US,
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Year Donatians Tolal NAT+ MP-NAT+ (D-NAT+ Incidence
2003 66,109 82 42 20 3.3%
2004 67,117 1 1 ¢ 0.1% -
2008 68150 10 S 5 0.4%
2006 6¢.652 16 6 10 0.5%
2007 73,640 2% 12 16 0.9%

2008 78,306 7. 5 2 | 04%
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ABC Newsletter -5- November 13, 2009

Babesiosis (continued from page 4)

The three forthcoming studies aim at shedding light on the epidemiology of the babesiosis. In one study,
led by Stephanie T. Johnson, MT (ASCP), MPH, who is with the ARC branch in Farmington, Conn.,
scientists tested blood donated at selected drives in Connecticut and Massachusetts from 2000 to 2007 for
the presence of immunoglobulin (Ig)G antibodies to Babesia microti. Using an immunofluorescence as-
say (IFA), they found the antibodies in blood donated in all eight counties in Connecticut and three
counties in Massachusetts. They also found it in blood donated not just during the season peak for the tick
that causes the virus — from July through September ~ but also during the rest of the year.

Although the results of this study helped them identify particular areas and times of the year when the
likelihood of Babesia microfi in blood is highest, they also made clear that the threat extended beyond
certain areas and months, which led the scientists to conclude that year-round, regional testing may be
necessary to fully safeguard the biood supply from the transmission of the disease.

Scientists in Rhode Island reached a similar conclusion when they carried out a retrospective study in
which they analyzed babesiosis cases that were reported to the Department of Health in that state from
1999 to 2007. Led by Leonard Mennel, DO, an infectioys disease specialist and the director of infection
control for the Rhode Island Hospital, this team identified 21 cases of TTB in the nine years they studicd.

Their analysis of information about where donors lived and when they donated reinforced the finding in
Johnson’s study that some people with babesiosis lived in areas without high tick populations and had
merely traveled to an area where babesiosis is more common. Drawing also on other studies that show
that the virus can survive for extended periods in blood bank conditions, including refrigeration up to 35
days, these researchers conclude that TTB is possible any time of year and in any location. Their study
also revealed a troubling rise in cases of TTB: from 1999 to 2007, 326,081 units of red blood cells were
transfused, according to the Rhode Island Blood Center. The 21 cases of TTB during that period give an
incidence rate for TTB of just more than 1 in 15,000 transfusions. However, by the last three years stud-
icd, that rate had risen to 1 in 9,000 units transfused. .

To determine the characterstics of infected donors and recipients, the third team of researchers — led by
Laura Tonnctti, PhD, a scientist with the ARC’s Transmissible Discases Department, Jerome H. Holland
Laboratory, in Rockville, Md. - analyzed cases of suspected TTB that were rcported to ARC’s Hemovigi-
lance Program from 2005 to 2007.

They carricd out follow-up testing of previously collected blood donations, by IFA, Western blot, and/or
real-time polymerase chain reaction (PCR) analysis. They found 18 definite or probable Babesia microfi
infections among transfusion recipients. Five of those recipients died. Of the 18 cases, two recipients had
sickle cell discase and four were asplenic; 13 were between the ages of 61 and 84 and two were 2 years
old or younger. The researchers concluded that TTB “can be a significant cause of transfusion-related
morbidity and mortality,” particularly when transfusion recipients were elderly, very young, or asplenic.
Like the rescarchers in Rhode Island, these scientists also found that TTB stemmed both from donors who
lived in areas where the discase is endemic as well as those who had merely traveled to those areas. They
also found that IFA testing was more effective than PCR analysis: the formed 1dentlﬁed all 18 donors,
while the latter identified only one.

What Should Be Done? The conclusions of these studies — that babesiosis can occur anywhere at any
time, that the number of TTB cases is rising, and that TTB can lead to serious complications. from transfu-
sions, including death — gave new data to support ARC proposals for testing donated blood for evidence
of infection, which Dr. Tonneti discussed in a presentation at the recent AABB Meeting.

(continued on'page 6)
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Babesiosis (continued from page 3)

The first proposal is to establish testing donated blood in Connecticut by IFA. ARC’s recommendations
include year-round IFA testing under investigational new drug regulations. Only whole-blood donations
would be tested. Donors associated with positive results would be deferred, and their donations would be
discarded. Testing could be done throughout the state or only in highly endemic areas. The latter ap-
proach would be less expensive, but it may only identify one-third of at-risk donors, so ARC favors
testing across the state.

Depending on the results of that project, said Dr. Tonnetti, ARC would like to expand the area to include
Rhode Island, Massachusetts, New York, New Jersey, Minnesota, and Wisconsin. Connecticut was cho-
scn as the starting point, she explained in a phone call, because earlier studies had found a number of
endemic areas in the state, But she cmphésized that expanding the testing to other states would be impor-
tant, given that babesiosis and TTB can spread so casily. No timeline has becn set for testing under cither
proposal.

Citations. Asad S, et al. Transfusion-transmitted ‘babesiosis in Rliode Island. Transfusion. 2009 Sep 16
[cpub ahcad of pnint]; Johnson ST, ef al. Scroprevalence of Babesia microti in blood donors from Babe-
sia-endemic areas of the northeastern United States: 2000 through 2007, Transfusion 2009 Oct. 10 [epub
ahead of print}; Tonnetti 1, e/ al. Transfusion-transmitted Babesia microti identified through hemovigi-
lance. Transfusion. 2009 Jul 16 {epub ahead of print] é

FDA Finalizes Guidance on Testing Donated Blood for West Nile Virus

The Food and Drug Administration has finalized its guidance for blood centers on how they should test
donations of whole blood and blood products for West Nile Virus (WNV). This guidance replaces the
draft guidance dated April 28, 2008, and it takes into account a number of the comments FDA received
from America’s Blood Centers (ABC) and other sources. |

While the draft guidance included recommendations for screening cells, tissues, and cellular-based prod-
ucts, the final guidance covers only donations of whole blood and blood products. Key recommendations
are that blood centers should test whole blood and blood products for WNV year-round; that they may
use.minipool tests when there is not high WNV activity in their area; that each center may establish its
own criteria for high WNV activity; that centers switch to individual testing as soon as possible, but not
later than 48 hours, after high WNV activity is found in‘their area; and that if a minipoo} tcsts as reactive
for WNV, each unit in that minipool should be tested with an individual test. It also recommended that,
for individual units that test positive, additional testing “may be of value in donor counseling.”

Background. It has been known since 2002 that donors who were infected with WNV could be viremic
but not have any symptoms; it has also been known that the virus could be transmitted through bicod
transfusions and organ transplantation. FDA began studies the following year aimed at evaluating nucleic
acid tests (NAT) for detecting WNV, and it has approved biologics license applications for two NAT
since 2003, Both tests are uséd for.individual donor samples, and for minipools of samples taken from
either 6 or 16 donations.

Studies have found that the individual test (ID-NAT) has greater sensitivity than the minipoo) test (MP- -

NAT), and that, in fact, up 10 25 percent of viremic units were not detected by the MP-NAT. However, it
1s not feasible or practical to test every unit individually, because of limited availability of the tests and
personnel and logistical issues. This guidance, then, is meant to clarify when blood centers should use 1D-
NAT and when they may use MP-NAT.

(continued on page 7)
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A linked donor-recipient study to evaluate parvovirus B19 transmission by blood

component transfusion

Steven H. Kleinman,'? Simone A. Glynn,? Tzong-Hae Lee,* Leslie H. Tobler, Karen S. Schiumpt,’ Deborah S. Todd,!
Hannah Qiao,' Mei-ying W. Yu,% and Michael P. Busch,*5 for the National Heart, Lung, and Blood Institute Retrovirus
Epidemiclogy Donor Study-ii (NHLBI REDS-I1)
Westat Inc, Rockville, MD; 2Depariment of Patholagy, University of 8ritish Columbia, Vancouver, BC; National Heart, Lung, and Blood Institute, Rockville, MD;
“Blood Systems Research Instituts, San Francisco, CA; SDivision of Hematology, Center for Biclogics Evaluation and Research, US Food and Drug
Administration, Bethesda, MDD, and *Oepartment of Laboratory Madlcine, University of California, San Francisco )

Parvovirus B19V infection can be a seri-
ous infection for hematology patients with
underlyilng hemolysis or compromised
erythropoiesis syndromes. Although case
reports of B18V lransmissfon by blood
component transfusion (as contrasted to
manufactured plasma derivatives) are
rare, no studles have systematically deter-
mined a rate of transmission to recipients
transfused with B19V DNA-positive com-

tion (PCR) assay to assess such transmis-
sion in Bi3V-susceptible (le, anti-B19V
immunaglobulln G [IgG] negative) recipi-
ents., We assessed 112 B19V DNA-positive
components {rom 105 donors {(of 12529
tested donations) transfused into a popu-
lation of surgical patlents with a pretrans-
fusion B19V IgG seroprevatence of 78%.
We found no transmission to 24 suscep-

tible reclplents from transfusion of com- |

anemnestic IgG response in one pretrans-
tfusion seropositive reciplent transfused
with a component contalning greater than
10 1U/mL B1SV DNA. These findings
show either that transmission from com-
ponents with [ess than 10® [U/mL does
not occur, or, it it does, it is an uncommon
event. These data do not suppart the
need to routinely screen blood donations
with a sensitive. B19V DNA'nucleic acid
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higher than initially documented. B19V DNA is detectable in 0.5%
10 0.9% of blood donations, with most showing relatively low DNA
concentrations (< 100-1000 [U/mL).2-% In addition, it has be-
come established that B19V infection is often persistent.252 Thus,
some donors may continue to dopate for many years. with BI9V
DNA (and potentially infectious ‘virions) in their blood. These
observations suggest that the potential for recipients to be exposed
to low levels of B19V DNA from blood component transfusion is
greater than previously thought:

To our knowledge, there have been no large-scale donor/
recipient-linked transfusion-transmission studies to evaluate the
rate of BI9V transfusion transmission. Although it has been
assumed by extrapolation from pooled plasma transfusions that
single unit blood compoaents with low-level B19V DNA should be
noninfectious, this remains speculative because the mechanism of
protection in the pooled plasma setting has not been established and
may not apply to single unit transfusions, 1213

We undertook this present sludy to systemalically evaluate
whether transfusion of blood components with low or moderatc
levels of B19V DNA (defined as < 10° IU/mL) transmits infection
to B19V-seronegative susceptible recipients,

Methods

Source of donor and recipient samples

Tested specimens were from the National Heart, Lung, and Blood Institute
(NHUBI) Retrovirus Epidemiology Donor Study A Danor and
Recipical (RADAR) repository, which was established to investigate
possible transfusion-transmitted infections and which has been deseribed in
detail in a previous publication.® Repository specimens were collecied
from 2000 through 2003 by blood centers and selected hospitals at 7 geographi-
cully dispersed US lucations. Repository specimens consisted of 2 frozen 1.8-mL
plasma aliquots and a 1.5-mL sample of frozen Whole blood.

All enrolled donors and recipients pave informed consent for frozen
mvon::n: uSan Ea for subsequent specimen testing for passible transfusion-
) in d with the Declaration of Helsinki. The
stady protocol was approved by the institutional review board of each participat-
ing institution.

The linked portion 3. ::m donor-recipicnl repository nO:E:_v pretrans-
fusion -and/or peri i and foll P
lected at a 6- S 12-month ::2.5: from 3575 enrolled re
contains 13 201 donation specimens given by 12 408 distinct donors that
were transfused to these recipients. The RADAR enrollment procedure
targeted recipients with expected high 1-year survival rates; 88% were
cardiac or vascular surgical patients, and the median recipient age was
68 years (range, 59-74 years). Recipients were not evaluated for coexisting
immunosuppression, but this is considered unlikely given the primary
diagnoses. The mean number of RADAR donation exposures per recipient
was 3.9. The distribution of component types transfused was 77% red cells,
13% whote-blood—derived platclet concentrates, and 10% fresh-frozen

plasma (FFP). In addition to recciving components with a stored, donation-

specimen in the RADAR repository, these recipients also reccived a mean
of 3.1 components not linked to stored RADAR donations.

The RADAR repository also contains 99 906 specitnens from blood
donations that were not transfused 1o enrolled RADAR recipients; this
supplementary repository served as a sample sowrce during the assay
validation and donor prevalence phase of the study, which has previously
been reported.?

Selection and testing of donations

All RADAR donations transfused to enrolled recipients were _ﬂ_na for

B19Y DNA, provided there was adeq volume available.2!
Donations found reactive on the B19V DNA umwmv. were subjected to DNA
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confirmatory and quantitative (esting; confirmed positive donations were
also tested for BI9V 1gG and IgM.

Selection and testing of recipients

Cases were recipients who were transfused with one or more B9V
DNA-positve components. Control recipients were selected to measure the
background rate of new infection as a result of factors other than transfusion
of 2 B19V DNA-positive RADAR unit (ie, community-acquired infection
in the 6- to 12-month follow-up interval or a transfusion-acquired infection
from a B19V DNA-negative RADAR unit or a nontested, non-RADAR
unit). A 1:2 case-control design was used {o select control recipients
fulfilling the following criteria: all RADAR units received by the recipient
were BIGV DNA negative, enrollment occurred al the same par
center in approximately the same time frame (to control for community-
acquired infection), and age was within 10 years of the case rec
this control selection algorithm, we established that all controls met
preestablished age and center criteria, and 94,4% roceived their transfusion
within 11 days of their matched recipient,
Enrollment speeimens from all case and control recipients were tested
for B19V IgG. Before x:oion_r.m of BI9V 12G enrollment results,
ion foll P from all cascs and controls werc
tested for BI19V I5G, 1gM, Ea DNA (sce “Assay methods™). A positive
B19V DNA or IgM result on the follow-up specimen triggered additionat
testing of the enroliment specimen for these analytes.
For unalysis, casc and contro) recipients with negative BI9V JgG results
before transfusion were sub ly classificd as B19V susceptible, and

those with positive results were classified as B19V nonsusceptible.

Protocol for evaluating transfusion-transmission

B19V transmission was defined as seroconversioa (o 1gG or IgM or new
detection of BISV DNA, Because our previous experience with B19V
antibody testing has shown that specimens near the cutoff could show
fluctuating results on different test runs, we required thal seroconversion be
independently shown by 2 laboratorics,

Assay methods

B19VDNA PCR assay. ‘The BI9V DNA polymerasc chain reaction (PCR)
assay was originally developed by Chiron Corporation and subsequently
refined through collaboration between Chiron and Blood Systems Research

Institute (BSRI). We previously reported data on assay performance on -

5020 plasma samples from the unlinked donor portion of the RADAR
repository.? The assay had a S0% limit of detection (LOD) of 1.6 U/l
(95% confideace interval [CI}, 1.2-2.1TU/mL) and a 95% LOD of
165 1U/mL (95% CI, 10.6-33.9 [U/mL). We determined that the assay
could be used as a quantitative as well as a qualitative assay; because
quantitation might not be precise at the lower LOD, we categorized all
specimens with gquantitaive DNA values of greater than 0 but less than
20 1U/mL as having a value of less than 20 TU/mL,
The ‘assay, performed at BSRI, included & magnetic-bead BISY DNA
. capture step followed by a TagMan rcal-time PCR assay targeting the VP1
region of the genotype 1 BI9V genome. The asssy was subsequently
validated as detecting genotype 2 but does not detect genotype 3, which has
been identified in Africa but which is very rare outside that continent.® An
intemnal control sharing homologous primer region sequences but with a
different intemal probe binding sequence as the viral target was included in
each assay tube. All capiured target DNA from 0.5 mL input plasma and the
spiked internal control was amplified in a single PCR reaction by. using the
saroe primet pair. Amplification and detection occurred in a 96-well optical
plate by using dual-plexed TagMan PCR technology. BI19V targe( and
internal coatrol DNA were detected and distinguished by fluorophore-
tagged sequence~specific probes, Bach plate contained 2 known positive,
2 blinded negative, and 2 blinded positive controls and up to 90 study
specimens. A more detailed assay description is provided in the previous
publication.?*
Because the chosen assay cutoff of 4 cycle threshold (Cr) of less than

40 was designed to ize assay
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B19Y DNA Testing Algori
B19V PCR
Cr> 45 40<C 5485 Cr340
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Internal Controf
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Cr545  GCr> 45
Undetected

!

NEGATIVE INVALID

!

CONFIRMATORY QUANTITATIVE TESTING
in duplicate .
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repeated at a Center for Biologics Evaluation and Rescarch/Food and Drug
Administration (FDA) laboratory. (Bethesda, MD), If results {ell into the
equivocal zone, the assay was repeated in duplicate on a new aliquot, and
this repeat result was taken as the final result for the specimen.

Quantitative B19V 15G testing was performed by using a standard curve
dilutional analysis method with the World Health Organization First
Intemationai Standard for B19V serum IgG (93/724) obtained from the
National Institute for Biological Standards and Control.?® This testing was
applied lo il and foll p sp of BI9V IgG-positive
{“nonsusceptible™) recipients who had been transfused with the 5 highest
tGter B19V DNA components identified through donor testing.

Statistical methods

On the basis of areview of donor B19 viremia and recipient B19V serologic
data from phase 1 of this study,®* we determined that testing of the linked
dooor and recipient RADAR repository specimens would have sufficient
statistical power such that a finding of zero documented transmissions to
susceplible recipients would indicate with 95% confidence that the true B19
transfusion—ransmission rate was between 0% and 25%. In this current
study, StatXact (Cylel) was used to generate upper 5% confidence limits
based on zero observed S?n:oam 0 The upper confidence limit for
tr was calculated as a ong-sided exact 95% confidence interval

Gyt Cycla Threshold
Figure 1. 815V DNA testing algscithm.

for final test interpretation so as to avoid classifying nonspecific reactivity
ona meF assay fun as a confimmed positive result (Figure 1). All initially

pasitive, ind ste, and invalid sp were retested in duplicatc on
v_u.ﬁ that included quantitative run mgauam by :m_:m w separate 0. ux_._._r
to the full and

procedure. This testing served both-as ooam:umcou and quantitation. Final
interpretation was based on’ the results of the 3 assays (ie, the initial
assay and the duplicate repeat assays). S were classified

as B19V DNA positive if at least 2 of 3 tests uroimm reachivity at a Cy
less than 40.

For determining DNA i dupli run stan-
dards (containing B19V DNA at 10° to 08 _C\EC were placed on nunn
plate, and ilative results were d ined by f the

Cyto the nq of the known standards on the same test run.2* The assigned
quantitative value for cach specimen was the average of the duplicate
quantitative ussays (including zero for a negative test result). Specimens
with low Cr values (< 30) were diluted 1:10 and [:100 and then run in
triplicate at each dilution. The quantitative result was the average of the
3 test results at the most appropriate dilution adjusted by the dilution factor,

Serologic assays. Testing for B19V IgG and 1gM was directed against
a recombinant VP2 protein and was performed in duplicate. by using
FDA-cleared (est kits (Biotrin) according to the manufacturer's instruc-
tions. Testing was conducted at BSR1 and, for a large subset of samples, was

for the difference between the infection rate among susceptible cases and
susceptible controls, using StatXact {Cytel).%

Results

Of the 13201 linked blood donation repository specimens,
12 529 (95%) had adequate volume for testing. B19V DNA was
detectable. in 105 donations for a prevalence of 0.84% (95% CI,
0.68%-1.00%). As shown in Table 1,53%, 71%, and 93% of thesc
donations had BI9V DNA concentrations below 20, 100, and
1000 [U/mL, respectively. The 2 donations with DNA concentra-
tions greater than 10¢ [U/mL were negative for B19V-specific IgM
and [gG, whercas B19V TgG was detectable in 96% and B1SV IgM
in 28% of the evaluable remaining B9V DNA~-positive donations.

These 105 BI9V DNA—positive donations camg from 103 do-
nors, 2 of whom gave positive dopations on 2 occasions. The
105 positive donations resulted in the transfusion of 112 positive
components to enrolied recipients. Four recipients received mul-
tiple DNA-positive components such that a total of 107 distinct
recipients were transfused with one of more UZ>.vomE<n compo-
nents. Table 2 provides a description of the DNA-positive compo-
nents transfused to recipients, classified by the DNA concentration
of the component, by whether the recipients were susceptibie to
BIOV infection (ie, BI9V IgG negative on their enrollment

Table 1. Quantitative B19V PCR and antibody results on confirmed positive donations

B13V DNA concentration, No. of B1SV No. (%) B9V IgM No. (%) BI9V IgM No, (%] B19V IgM negative
1UfmL, In donation DNA~postive danatons and 1gG positive negatlve, IgG poshive and 1gG negative
Less than 20 56 2 (4%} 52 (93%) 2(4%)

2015 less than 100 19 5 {28%) 13 (72%) 0

102 fo lass than 103 . 23 18 (78%)t 2{5%} 1{4%)

107 toless than 104 4 4 (100%) ¢ . ]

10* to léss than 108 0 o 0 0

105to fess than 108 1 o ] 1{100%)
Subtotal 103* 29 (28%) 87 {66%) 4 (4%)

Mare than 10° 2 . [ [ 2

Tota) 105¢ . 29 87 8

The prevalence of B9V DNA-positive donations in 12 529 tesied donations was 0.84%,

*One donor was not tested for B18V antibody: hava bgen
*$Two donors wera 1gM equivocal and IgG pasitive.

minating that donor from both Ihe numeralor and the denominator,

$The 105 B18V DNA-positive donations cama from 103 donors, 2 of whom gave positive donations on 2 occasions.



3680  KLEINMAN et al

Table 2. Transfusion of B19V ONA-positive components ta reciplents

BLOOD, 22 OCTOBER 2009 - VOLUME 114, NUMBER 17

No. of B1SV DNA-positive components

No. of B19V DNA-positive components Total no. of B19YV

No. of B19V ; ionts® -posi
16V DNA concentrston, bt transfused to susceptible recipionts: u to ONA-positive
1W/mL, In donation donations Redcells Platelels Plasma  Subtotal Redcells Platolets Plasma  Subtotal transfused
Less than 20 56 15 0 1 16 % 5 5 44 0
20 0 less than 100 19 3 0 0 3 9 5 3 17 20
10210 less than 103 23 3 1 0 4 16 3 2 21 25
10% 10 fess than 104 4 0 4 1 t 2 0 1 3 4
1010 less than 105 0 o 0 0 4 0 [} 0 o 0
10810 fess than 108 1 0 0 0 0 1 0 0 1 1
Sublotat 103 21 i 2 24 61 14 " 86t 110t
More than 107 2 0 0 0 ° 1 1 0 2 2
Total 105 21 1 2 24 62 15 11 88t 112t

*All B19V ONA-positiva unfts to recipients contained B19V-specilic igG.
+For 7 B19Y DNA-posith jons, more than 1 was atsod rocipients revelvad more than 1 positive component.

specimen), and the type of blood component. As per RADAR
repository design, the majority (74%) of transfused DNA-positive

. components were red cell concentrates. Twenty-four of the 112 com-
ponents (21%) were transfused info susceptible recipients. Among
the 214 control recipients (2 controls selected per case), a very
similar percentage (20%) were susceptible. Six of the 7 DNA-
positive components with the highest concentrations were trans-
fused to nonsusceptible recipients; these included all 3 cornponents
with DNA concentrations greater than 105 TU/mL.

The primary analysis of transfusion transmission was restricted
10 the 24 susceptible (B19V IgG ncgative) cases (21 transfused
with red cells) and the 42 susceplible controls. There were no BI9V
infections observed in these 66 susceptible recipients based on the
absence of BI9V IgG. 1gM, and DNA in the follow-up specimens.
Thus, the transmission rate was 0% in both cases and controls, with
an upper 95% C1 of 11.7% in cases and 6.9% in controls. The
transfusion-transmission rate was therefore estimated at 0.0%
£0.0% (cases) — 0.0% (controls)], with an upper 95% CI of 11.7%.

Although 1gG seroconversion could not be used as a criterion
for establishing transfusion-transmission in nonsusceptible sub-
jects (those with precxisting B9V 1gG), the criteria of newly
developed B19V DNA or IgM were still applicable. There were no
such findings in casc recipicnts. However, one IgM seroconversion
was identified in a2 B19V TgG-positive (sonsusceptible) control
recipient who remained DNA negative. Because this recipient was
transfused with only 2 DNA-negative red cell units (and no
non-RADAR units), it is likely that the IgM seroconversion
represents a false-positive result or possibly a new community-
acquired infection. Testing also identified B19V DNA in follow-up
specimens of 3 other control recipients. However, testing of their
enrollment specimens indicated that BI9V DNA was present
before transfusion at approximately the same concentration in all
3 cases. Furthermore, their enrollment and follow-up specimens
were positive for B19V IgG antibodies. Thus, this pattern indicated
persistent BI9V infection (existing before receiving RADAR
transfusions) rather than recent B19V acquisition.

To further evaluate whether transfusion with B19V DNA-
containing units elicited an immune response in subjects with
preexisting BI9V JgG, we performed quantitative B19V 1gG
testing of enrollment and follow-up specimens of the 5 recipients
who were B19V 1gG positive at enrollment and who received the
highest titer DNA-positive components, reasoning that these would
provide the maximal stimulus for such an immune response.
Pretransfusion B19V IgG levels were highly variable, ranging from
7-to 165 TU/mL, As scen in Table 3, | of the 5 recipients, who
received the highest titer component (at a B19V DNA concentra-

tion of 2.9 X 10' JU/mL or a total dose of ~ 5.8 X 10*' U in the
20 mL plasma contained in the red blood cell component), showed
a 4-fold increasc in B19V IgG titer. This recipient had a relatively
low pretransfusion titer of BI9V IgG (15 [U/mL). Of the other
4 recipients, | showed a 2-fold increase, 2 had unchanged titers,
and | showed an almost 2-fold decrease.

Discussion

I this study we identificd donations that had a potential marker of
BI9V infectivity (ie, B19V DNA) through retrospective screening
of blood donations and subsequently tested recipients of compo-
nents from these donations for the development of new BI9V
infection. Our approach was designed 1o systematically determine a
rate of transmission from all units with this potential infectivity
marker and to establish either the presence or absence of transmis-
sion when it was known that a susceptible (ie, BI9V IgG negative)

recipient was transfused with-a potentially infectious (ie, BI9V

DNA positive) unit. This study design is in contrast to most other
B19V studics in which investigations were struciured to prove that
transmission occurred in a particular casc.

On the basis of our finding of nontransmission in 24 evaluable
susceptible (B19V seronegative) recipients of components with a
B19V DNA concentration less than 106 IU/mL, we conclude that
the rate of transmission from such components ranges from 0% to
11.7% (which is the upper 95% confidence bound), thus, either
transmission from such components does not occur, or, if it does, it
is a relatively uncommon event in comparison 10 most other
transfusion-transmissible viruses in which infection rates cxceed
50% {eg, HIV, HCV).%!

Table 3. Antibody quantitation studies in recipients transfused with
components with the highest B19V DNA concentrations

Transfused component results

B13V DNA concentration, B19VIgMAgG Enroliment 813V Follow-up B19V
U/mL, In donstion status 1gG titer, IW/mL  igG titer, W/mL

Reclplent results

29 % !O‘° bl id 14.9 &1.1
8.2x 107 - 53.5 33.4
43 x 108 ~- 375 40.2
86x 109 ++ 7.6 15.2
1.8x 107 +i+ 165.1 157.9

‘One roclplent who received a componsnt with a DNA concantration of
3.1 x 107 IU/mt_ {which was also positive forBISV IgM and igG) was not Indluded in
this tatle because the enrcliment and follow-up specimens were both B19V IgG
negative, .
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Our study is the first to evaluate transmission in multiple
recipients who do not have preexisting B19V IgG and hence do not
have this mechanism for potential protection against acquiring
B19V infection. In a study from Africa, there was a single
documented case of lack of BI9V wransmission to a susceptible
pediatric recipient transfused with a red cell unit that had a BISV
DNA concentration of 6 X 102 TU/mL in the presence of BISV
1gG. There are somewhat more data about the lack of transmis-
sion to recipients with preexisting B19V IgG. In a study conducted
in an adult hematology scrvice, 6 adult recipients with hematologic
malignancies (5 of whom underwent stem cell transplantation)
were identified as transfused with blood components that were
retrospectively found to contain B19V DNA at less than 10° geq/
mL; in 4 of S evaluated cases, the DNA-positive component also
contained B19V IgG. Each recipient was BI19V DNA negative
when tested 3 fo [8 days after transfusion,’ and none showed
clinical symptoms of B19V infection on retrospective chart review.!?

The mechanism to explain lack of transmission to susceptible
recipients by B19V DNA-coataining units is unknown but could
pe related to the lack of a large enough inoculating dose of BI9
virions to establish infection. This could be due to the ratio between
infectious dose and virion number (which is not known), the low
levels of transfused intact and/or replication competent virions in
units with low DNA concentrations, or neutralization of otherwise
infectious virions either by antibody in the transfused unit or by
passively transfused antibody from other units.'? In support of the
latter explanations, we note that all DNA-positive units transfused
to susceptible recipients in our study contained B19V-specific IgG.
In addition,it is highly probable that all recipicnts of BI9V
DNA-containing components received some additional blood
components with B19V IgG; this is based on our previous findings
that 73% of donors who contributed to the RADAR repositary had
BI9V IgG» and that RADAR recipients were transfused with an
average of 7 blood components.?®

Our negative transmission findings are consistent with previous
publications that have shown that high plasma concentrations of BISV
DNA are required for transmission in the setting of transfused pooled
plasma products. The minimal infectious dose of B19V DNA docu-
mented to causc a symptomatic BI9V infection in a recipient of factor
VI concentrate devoid of B19V IgG was 2 X 104 TU based on the
infusion of 3 wials of a product with a DNA concentradon of
6.5 X 10° 1Ufvial (ie, 1.3 X {0P IU/mL when each vial was reconsti-
tuted in'a S-mL volume)? Furthermore, we are aware of only onc
comprehensive quantitative transmission study of pooled plasma prod-
ucts manufactured from multiple donations.!!32 That study, conducted
approximately |0 years ago, was an open-label phase 4 trial of pooled
plasma, solvent detergent-treated (PLAS + SD produced by Vitex, now
defunct). One hundred B19V-seronegative volunteers were infused with
product from 17 different manufacturing lots. Of 19 subjects who
received the product from 3 Tots that contained at least 2 X 10° geq
BI9VDNA (fe, 200 mL product infused at > 107 BJ9V DNA geg/mL),
18 seroconverted and 17 showed B19 viremia. Although the investiga-
tors expressed their results in geg/mlL, it has subsequently become
established that for B19V, an IU and a geq are approximately equivalent.
In contrast, there were no seroconversions in 81 subjects who received
product from 1 of 14 lots conlaining less than 10* geq/mL BI19V DNA;
however, the investigators did not more precisely quantitate the amount
of B19V DNA in these nontransmitting Jots,

In our study, which was designed to systematically study
transmissibility from B19V DNA-~positive units with less than
108 TU/mL, we transfused only 2 components with high BI19V
DNA concentrations (> 107 TU/mL) but were unable to directly
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evaluate their transmissibility in susceptible recipients, because
both were transfuscd to recipients with preexisting BI9V 1gG. We
used quantilative BI19V antibody testing to investigate whether
exposure to this. very high BISV DNA concentration could
stimulate the recipient’s immune system to respond. Although not
definitive, a 4-fold boost in BI9V IgG in the follow-up specimen
from one of these recipients suggests that a component with very
high BI9V DNA concentration (~ 5.8 X 101 TU BI9V DNA
infused) can result in an anamnestic response (implying transient
active viral replication) in a previously exposed recipient when the
pretransfusion antibody titer is relatively low (15 IU/mL in this
recipient), Qur results are consistent with similar 4-fold BIOV 1gG
increases which were reported 1 month after transfusion in 2 of
2 B19V IgG-positive volunteers who remained asymptomatic after
transfusion of 200 mL PLAS + SD at a B19V DNA concentration
of 1.6 X 1081U/mL.3? In eddition, in the previously described
study of adult hematology patients, there was also one BI9V
IgG-positive recipient of a red blood cell unit containing
2.2 X 10° geg/mL of BI9V DNA; (his- recipient was positive for
B19V DNA at posttransfusion day 5, negative when retested on day
35, and asymptomatic for BI9V infection on chart review; BI19V
IgG titer was not reported. '

Despite the large size of our linked donor—recipicnt repository,
the use of a very sensitive B19V DNA assay, and a rigorous testing
algorithm, this study was subject to several limitations. The
collection of recipient follow-up specimens 6 to 12 months after
transfusion limited the laboratory techniques that we could use to
diagnose new BI19V infection. In addition to our primary assess-
ment of the development of new B19V IgG formation, we also
tested for new appearance of BI9V IgM and BI9V DNA.
However, the natural history of acute BI9V infection predicts that
both of these markers would probably no longer be detectable at the
time our follow-up specimens were collected, unless the recipient
had developed a persistent infection, 3 Qur study was also limited
because most recipients (78%) of BI9V DNA-—positive units were
B19V IgG positive before transfusion and thus presumably were
partially or totaily protected against B19V reinfection, This limited
the statistical power of our negative result such that the upper 95%
CI could not rule out a (ransmission raie as high as 11.7%.
Furthermore, most of the 24 susceptible recipients received compo-
nents with very low B19V DNA concentrations (< 20 IU/mL), We
identified only 5 tiansfused components with DNA concentrations
between 10% and 108 TU/mL; 4 of these were BI9V IgM and IgG
positive, and one of these (DNA level of 4.3 X 10° IU/mL) lacked
BI9V antibody. Furthermore, only one of these components, a
plasroa unit containing a total infused dose of approximately
7 X 10°TU in the presence of B19V IgG, was transfused to a
susceptible recipient. Similarly, although we identified 45 trans-
fused components with B19V DNA concenirations between 20 and
1000 TU/mL, only 7 were transfused to susceptible recipients.
Finally, although we obtained questionnaires from recipients at the
time of follow-up (6-12 months after transfusion) and none of the
recipients had.been diagnosed with BI9V disease, we were unable
to definitively assess nonspecific symptoms that can occur with
B19V infection at such a long interval after transfusion.

We expressed our findings as the rate of transmission In
susceptible recipients because this allowed us to extrapolate our
findings to other transfused recipient populations; ie, it allowed us
to calculate a per unit risk. This per unit risk in our older surgical
recipients can then be applied to populations with a higher
susceptibility rate (cg, fetuses undergoing intrauterine transfusion,
young patients with sickle cell anemia or thalassemia, patients with
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congenital or acquired hypogammaglobulinemia), based on the
assumption that the equivalent dose of BI9V transfused into a
B19V IgG-negative hematology or surgical patient will result in
productive infection (ie, viral replication) at the same rate. In our
opinion, it is unlikely that the infectivity of 2 B19V DNA—positive
transfused unit will be related either to the underlying disease or to
the overall immune status of a BI9V seronegative recipient, even
though it is well accepted that the clinical manifestations of a BI9V
infection will be influenced by such bost factors (ie, if infected with
BISY, an immunosuppressed patient or one with an underlying
hemolytic syndrome might have a worse clinical outcome).”

‘We can also analyze our data on a population-wide basis; looked at
in this way, we did not detect any cases of definite BISV transmission
(with the exception of the one possible case of an anamnestic immune

. response) after the transfusion of blood components from 12 529 BISV
DNA-tested donations into a recipient population with a pretransfusion
B19V IgG prevalence of 78%.

As part of this study, we also generated a [arge body of blood
donordata. We found that B19V DNA prevalence in 12 529 tested
donations was 0.84%, consistent with our previous report of 0.88%
in 5020 donation samples from the same RADAR repository and
with higher end estimates in liternture. 2% The large majority of
our DNA-positive donations had Jow or very low DNA concentra-
tions (53%, 71%, and 93% below 20, 100, and 1000 IU/mL,
respectively), consistent with the interpretation that the increased
DNA prevalence found in recent donor studies is due to the use of
more sensitive nucleic acid testing assays. In contrast to the high
rate of overall DNA detection, our rate of detection of high-titer
DNA positives (> 106 TU/mL) was approximately 1 in 6000,
consistent with both the newer and older literature,3% These
high-titer units are known to occur in the acute phase of BI9V
infection; thus, they lack both B19V IgG and IgM antibody as was
the case in this study?! In contrast, 96% of the remaining
DNA-positive donations were B19V IgG positive, which is the
expected result in resolved or persistent infection. 3336

Current practices for blood donor screening for BI9V in
developed countries are almost exclusively confied to testing
plasma designated for fractionation for the presence af high B19V
DNA. concentrations. 3> There has been recent debate about
whether such screening should also be applied to transfused blood
components; this is currently not done because of the lack of
demonstrated adverse clinical outcomes from Bi5V infection in
blood component recipients and the considerable expense of such
testing. We are aware of only one country, Germany (which also
performs _blood testing for Austria), in which some blood banks
currently conduct B19V DNA screening of blood donations and use
the results to release blood components for transfusion . Their
testing is conducted in pools of 96 samples with an assay that.can
reliably detect units with BI9V DNA greater than 10° TU/mL.
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Other German blood banks conduct B19V DNA testing retrospec-
tively after the red cell component has béen transfused.?® In a recent
abstract, preliminary data indicate that BI9V transmission (docu-
mented by a positive BI9V DNA test in the transfused recipient}
from retrospectively tested red cell components occurred when the
B19V DNA conceritration was greater than 105 IU/mL but not
when the concentration was below this threshold.” :

Our study results confirm that, if prospective, real-time B19V
DNA blood donor screening were to be performed, the assay
sensitivity used in Germany (ie, detection limit < 105 1U/mL) is
reasonable in that it ensures recipient safety while preventing
unnccessary discard of a much larger number of blood componeats.
Qur findings do not support the need to use more-sensitive B19V
DNA nucleic acid screening assays. In conclusion, our data
indicate that blood components with BI9V DNA less than 108 JU/
mL (almost all of which contain B19V-specific antibody) are
unlikely to transmit B19V infection.
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Abstract

Background:in October 2009 it was reported that 68 of 101 patients with chronic fatigue syndrome (CFS) in the US were infécted
with a novel gamma retrovirus, xenotropic musine leukaemia virus-related virus (XMRV), a virus previously linked to prostate '
cancer. This finding, if confirmed, would have a profound effect on the understanding and treatment of an incapacitating disease
affecting millions worldwide. We have investigated CFS sufferers in the UK to determine if they are carriers of XMRV.

Methodology: Patients in our CFS cohort had undergone medical screening to exclude detectable organic illness and met
the CDC criteria for CFS. DNA extracted from blood samples of 186 CFS patients were screened for XMRV provirus and for
the closely related murine leukaemia virus by nested PCR using specific oligonucleotide primers, To control for the integrity
of the DNA, the celluar beta-globin gene was amplified. Negative controls (water) and a pasitive control (XMRV infectious
molecular clone DNA) were included. While the beta-globin gene was amplified in all 186 samples, neither XMRV nor MLY
sequences were detected. : ;

Conclusion: XMRV or MLV sequences were not amplified from DNA originating from CFS patients in the UK. Although we
found no evidence that XMRV is associated with CFS in the UK, this may be a result of population differences between North
America and Europe regarding the general prevalence of XMRV infection, and might also explain the fact that two US
groups found XMRV in prostate cancer tissue, while two European studies did not. .
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Introduction

A recent study by Lombardi et al. {1] describing a gamma-
retrovirus infection in 68 of 101 chronic fatigue syndrome (CFS)

paticnts was notable not only for its claim of a new viral actiology of

a hitherto controversial discasc, but also for the fact that proviral
DNA could be amplificd from the peripheral blood mononucicar
cclls (PBMC) of 3.75% (8/218) of the hcalthy controls. This follows
an carlicr claim that 1.7% (5/300) of healthy Japancse blood donors
carried antibodics to the same virus [2]. The virus in question is a
recently discovered retrovirus, Xenotropic Murine Leukacmia
Virus (MLV)-Rclated Virus (XMRV).

In the original identification of XMRV in prostate cancer
stromal cells, Urisman et al. [3] confirmed by scquence analysis
that XMRV is not a laboratory contaminant, as is often the casc
with claims of new retroviral associations with discase. It sharcs
>90% scquence identity in gag and emy (two of the three. viral
structural genes) with other xenotropic MLV,

An association between XMRV and prostate cancer was
strengthened with the demonstration of XMRV protein expres-
sion in malignant cpithclial cells [4]. However, these results have

). PLoS ONE | www.plosone.org
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not.been duplicated in studics conducted in Europe [5~7]. Both
prostate cancer and CFS have been linked to an Arg to Gln
mutation at codon 462 (R462Q) in the RNascL gene, an
interferon-induced  ribonuclease [8). -On  activation, RNascL
destroys single  stranded  cellular and viral RNA, thereby
preventing viral replication, blocking protein synthesis, triggering
ccllular apoptosis and providing an innatc anti-viral Tcsponse.
The two US studics arc of intcrest, not only because this would be

a further example of a virus association with cancer, but because,

they represent the first demonstration of a2 gamma-retrovirus able
to infect human cclls, overriding the intrinsic immunc
mechanisms that were believed to protect humans from MLV
infection, :

The XMRV scquences derived from prostate cancer tissue afe

identical to those from CFS paticnts, but differ from xenotropic.

MLV scquences, endorsing a genuine. cross-specics transmission.
However, the claim that XMRV is preferentially found in prostate
tumours {rom’ patients homozygous for the R462Q variant [3] is
not borne out by the sccond prostate cancer study to find XMRV
in patients [4], nor was the genetic variant detected in CFS
paticnts carrying XMRV [5]. -
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The finding of Lombardi ef al. of a 67% XMRYV infection rate
among CFS patieats, if confirmed, would have a scrious impact on
understanding the pathogencsis of this complex and debilitating
diseasc and its treatment. Therefore, it was important to determine
if CFS sufferers in the UK were carriers of XMRV. We have’
screened DNA extracts from the blood of CFS sufferers by PCRs
targeted at an XMRV-specific sequence and at a scquence
conserved amongst mast murine retroviruses (MRV),

Methods

Patients

All patients gave written Informed consent for the use of their
DNA to test actiological theorics of CFS, and the study was
approved by the South London and Maudsley NHS Trust Ethics
Committee. The study recruited 186 paticnts (62% female, age
range 19-70, mean 39.6 = 11.3ycars) from consccutive referrals to
the CFS clinic at King's College Hospital, London. All patients
had undcrgone medical screening to exclude detectable organic
illness, including a minimum of physical cxamination, urinalysis,
full blood count, urca and clectrolytes, thyroid function tests, liver
function tests, 9 a.m. cortiso} and ESR. Patients were interviewed
using -a scmi-structured interview for CFS [9] to dctermine
whether they met international consensus criteria for CFS. All
subjects met the CDC criteria {10); paticnts with the Fukuda-
specified  exclusionary psychiatric  disorders, or somatisation
disorder (as per DSM-IV), were not included. The patient sct
studicd is a well-characterised and represcntative sample of CFS
patients who have been deseribed previously: all were routine
clinic attendeces, referred within the UK National Health Service,
who had taken part in prior studics of neuroendocrine functioning
[11] and/or of cognitive behaviour therapy [12]. As is typical of
the patients seen in this tertiary care centre, they were markedly
unwell, Few were working, and 19% were members of patient
support groups for CFS/ME [12-14]. The levels of fatigue in this
sample were high (mean Chalder Fatigue Scale, 26.3%£5.4) (15], as
were levels of disability (mean Work and Social Adjustment Scalc,
total score 28.2%7.2) [16]. The mean GHQ:12 score {17] was
19.7%8.1. Patients had bcen unwell for 4 median of 4.0 y {range
1-28 y). Of note was that 45% said their illness definitcly related
to a viral ilncss and 45% said it might relate to a viral illness.
Ovecrall, we conclude that this sample is typical of CF$ patients
scen in specialist chinical services in the UK. We also know from
collaborative studies that our paticits resemble those seen in other
specialist CFS services in the United States and Australia {18].

PCR detection of XMRV and MLV sequences. DNA was
extracted from EDTA whole blood using a standard phenol-based
organic deprotcinisation procedure [19]. DNA concentrations
were determined by absorbance at 260 nm {Aggo). Each sample
was amplified in-three nested PCRs using primers targeted to an
XMRV-specific scquence, to a scquence conserved amongst most
MLV and, as a control for sample addition and PCR-inhibition, to
a human beta-globin (hBG) sequence (Table 1). Each first-round
reaction was performed in a 25 ul volume containing ‘0.5 units
TaqGold (Applicd BioSystems, Warrington, UK), 1 x TaqGold
reaction bufler (Applied BioSystems), 1.5 mM Mg®", 200 mM
cach dNTP, 2.5 pmol cach primer to which 5 ul DNA extract or
control was'added. Reaction conditions were one cydle of 94°C, 8
minutes, 33 cycles of 94°C 30 seconds, 55°C 30 scconds, 72°C 30
scconds and one cycle Of 72°C, 7 minutcs. Sccond round reaction
_mixes were identical to the first round and the sample was a 1 pl
transfer from the first round reactions. Second round' reaction
conditions were as for the first round over 30 cycles. PCR
amplicons were visualised on a 1% agarose gel stained with
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Table 1. Oligonucleotide Primers.

Target Sequence Location
XMRV  Forward outer $'CATTCTGTATCAGTTAACCTAC 3' 411-432'
Reverse outer §' ATGATCTCGAGAACACTTAAAG 3’ 606-588'
Forward inner §' GACTTTTTGGAGTGGCTITGT 3¢ 441-461"
Reverse inner §5' ACAGAAGAACAACAAAACAAATC 3’ 566-544'
MLV Forward outer 5' GGATCAAGCCCCACATACAG 3 2796-2847"
Reverse outer §' CATCAAACAGGGTGGGACTG 3’ 3179-3160'
_ Forward inner 5’ AGAAGTCAACAAGCGGGTGG 3 2926-2945"
Reverse inner 5" GGTGGAGTCTCAGGCAGAAA 3° 3062-3043'
hBG  Forward outer 5' TGGTGGTCTACCCTTGGACC 3 148-162°
Reverse outer 5' GAGGTTGTCCAGGTGAGCCA 3' 296-277*
Forward inner 5" GAGGTTCTTTGAGTCCTTTGG 3' 170-190?
Reverse inner $5* CATCACTAAAGGCACCGAGCA 3' 273-2537

Locations in GenBank accessions 'EF185282, *NM000518.4,
doi:10.137 1/journal.pone.0008519.t001

cthidium bromide. Each PCR run consisted of test samples, six
negative (water) and two positive controls. The positive control
was a dilution of 2 plasmid with a full-length XMRV (isolate
VP62) insert, generously gifted by Dr R. Silverman. To validate
the sensitivity of the PCR, an end-point dilution of the plasmid was
performed. To determine specificity of the PCR, a sample of
human DNA from the LNCaP prostate cancer cell line (American
Type Culture Collection, code CRL-1740) was amplificd with the
XMRV and MLV primer scts. To cnsure integrity of the DNA
extracts, three randomly selected samples were titrated to end-
point using the hBG PCR to determine if the PCR copy number
cquated with the Aggg. To determine if the DNA cxtracts exhibited
low level non-specific inhibition of PCR, 10 samples were
subjected to 30 cycles of the first round hBG PCR (reaction mix
and conditions as above) followed by 40 cycles of a nested real-
time -SYBR-green PCR using the SYBR-green Fast PCR kit
(Roche, Lewes UK) according to the manufacturer’s instructions.

Results

Nested PCR Validation )

Based on Agg of the purificd plasmid, both primer sets
(XMRV, MLV) were able to amplify a single target copy added to
the reaction. Amplification of 600 ng of LNCaP cellular DNA
added to XMRV and MLV PCRs yiclded no non-specific bands
when viewed on an cthidium bromide-stained agarose gel.
Quantification of DNA samples from three randomly sclected
test samples by end-point dilution PCR with the hBG primer st
showed concurrence of the PCR-determined copy number with
Aggo, thus indicating intcgrity of the DNA preparations: Nested
real-time amplification of 10 saniples showed no cvidence of non-
specific. inhibition as determined by the slope of the amplification
curves and the height of the signal platcau.

PCR Analysis of Test Samples

Input DNA ranged from 10 to 600 ng {1.6x10° to ) 11 x10° cel
cquivalents) as detcrmined by Agge of which 149 samples had an
input of >100 ng and 106 samples >200 ng. Nonc of the 186 test
samples analysed yielded 2 specific PCR product with cither the
XMRYV or MLV primer sets and no non-specific PCR products were
obscrved. A specific hBG product was amplified from all 186 test
samples. The positive control was amplificd in cach run by the
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Figure 1. PCR products of the XMRV VP62 clone, Primers are
generic to MLV (lanes 1 and 2) or specific to XMRV (lanes 4 and 5). The
sizes of the respective fragments are shown. Lane 3-200 bp molecular
size ladder.

doi:10.1371/journal.pone.0008519.g001

XMRV and MLV primer scts. A stained gel of the XMRV and MLV
PCR products is shown in figure | and a representative sample of our
results with CFS DNA and MLV primers is shown in figure 2.

Discussion

Unlike the study of Lombardi ef al,, we have failed to detect
XMRV or closcly related MRV proviral DNA scquences in any
sample from CFS cases. There have been numerous claims for an
infective actiology to CFS over the years, not Jcast because, as in this
sample, many patients report that their symptoms were triggered by

-an infective cpisode. Prospective cpidemiological studics have

chﬁrmcd that centain infective agents, for example Epstein Barr
Virus, arc uncquivocally associated with subsequent CFS [20], cven
if the mechanisms are unclear and almost certainly multi factorial,
Nearly two decades ago, scquences from’ another ‘retrovirus, the
human T-lymphotropic virus type 1, werc amplificd from the
PBMCs of 10/12 (83%) adult and 13/18 pacdiatric CFS paticnts,
but not from healthy control subjects {21]. However, subscquent
studics carried out on small numbers (20-30) of CFS paticits, failed
to confirm evidence for HTLV (type | or 11) [22-25) or other
r?\roviruscs, including the closcly-related simian T lymphotropic
virus type |, the prototype foamy virus, simian retrovirus, bovine and
feline leukacmia viruscs [?6] and HIV 1 (23).

The Lombardi paper is the first to study a significanty largcr
number of people than that in any previous study and to detect a
virus -only recently discovered. Our study resembles that of
Lombardi ef al. in ccrtain respects. Both studics usc. the widcly
accepted 1994 chinical casc definition of CFS'. Lombardi et af.
reported that their cases “presented with severe disability” and we
provide quantifiable evidence confinning high levels of disability in
our subjects. Qur subjects were also typical of those seen . in
sccondary and tertiary care in other centres.
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Figure 2. Nested PCR from the DNA of 8 CFS patients. Products
of generic MLV pnmers {including XMRV) are shown. Lanes 1-8, CFS
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Our own study also differs. from that of Lombardi in other
respects. Firsdy, the PCR operator was blinded to the provenance
of the DNA samples. In fact, with the exception of the PCR
controls, all 186 DNA test samples originated from CFS patients.
Care was taken to grow the XMRV plasmid in a laboratory in
which no MLV had been cultured and no MLV veetors used and
the PCR was carried out in a CPA-accredited Molecular
Diagnostics Unit which processes only human tissue. Multiple
(six) watcr (ncgative) controls were included in cvery run to detect
low level contamination and a PCR to amplify a scquence that is
conserved in most murine leukacrnia viruscs was included in order
to cxposc any circulating MLV contamination and to dctcct any
variant of XMRV that might be circulating in the. UK CFS
population,

Based on our molecular data, we do not share the conviction
that XMRV may be a contributory factor in the pathogenesis of
CFS, at jcast in the UK.
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U.S. Virologic Surveillance: WHO and NREVSS collaborating laboratories located in alt 50 states
and Washington D.C., report to CDC the number of respiratory specimens tested for t(\ﬂuenza and
the number positive by influenza type and subtype. The results of tests performed during the
current week are summarized in the table below.

Week 1
No. of specimens tested 3,88§
No. of positive specimens (%) 139 (3.6%)
Positive specimens by type/subtype
Influenza A 137 (98.6%)
A (2009 HINT) 78 (56.9%)
A (subtyping not performed) 58 (42.3%)
A (unable to subtype)* 1(0.7%)
A (H3) 0 (0.0%)
A (H1) 0 (0.0%)
Influenza B : 2 (1.4%)

'Sublyping resukts for the specimen in this category was inconclusive because of low levels of viral RNA,

During week 1, influenza B viruses co-circulated at low levels with 2009 influenza A (H1N1) yiruses.
All subtyped influenza A viruses reported to CDC this week were 2009 influenza A (H1N1) viruses.

Influenza Positive Tests Reported to CDC by U.S: WHO/NREVSS Collaborating
Laborateries, National Summary, August 30, 2009-January 9, 2010
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Novel Influenza A Virus: One case of human infection with a novel influenza A virus was reported
by the lowa Department of Public Health. The case patient had onset of symptoms in September
2009, but did not require hospitalization and has fully recovered. The virus was identified as swine
influenza A (H3N2) and investigated in November 2009. No clear exposure to swine was identified,
but no evidence of sustained human-to-human transmission with this virus was found. Early
identification and investigation of novel influenza A cases is critical to evaluate the extent of the
outbreak and possible human-to-human transmission. Surveillance for human infections with novel
influenza A viruses is conducted year-round.

Pneumonia and Influenza Hospitalization and Death Tracking: The Aggregate Hospitalization
and Death Reporting Activity (AHDRA) system was implemented on August 30, 2009, and replaces
the weekly report of laboratory confirmed 2009 H1N1-related hospitalizations and deaths that

began in April 2009. Jurisdictions can now report to CDC counts of hospitalizations and deaths
resulting from all types or subtypes of influenza, not just those from 2009 HIN1 influenza virus. To .
allow jurisdictions to implement the new case definition, counts were reset to zero on August 30,
2009. From August 30, 20089 — January 9, 2010, 38,454 laboratory-confirmed influenza-associated
hospitalizations and 1,779 laboratory-confirmed influenza-associated deaths were reported to CDC,
CDC will continue to use its traditional surveillance systems to track the progress of the 2009-10
influenza season.

Weekly Laboratory-Conﬂrmed Influenza-Associated Hospitalizations and
Deaths Reported to AHDRA,
National Summary, August 30, 2009 ~ January 9, 2010
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Antigenic Characterization: CDC has antigenically characterized one seasonal influenza A . Antiviral Resistance: Since September 1, 2009, one seascnal influenza A (H1N1), eight influenza

(H1N1), seven influenza A (H3N2), six influenza B, and 944 2009 influenza A (H1N1) viruses A (H3N2), one influenza B, and 830 2009 influenza A (HIN1).virus isolates have been t.ested for
collected since September 1, 2009. resistance to the neuramjnidase inhibitors (oseltamivir and Zanamivir), and 2,096 2009 influenza A

. (H1NT) original clinical samples were tested for a single known mutation in the virus that confers
One seasonal influenza A (H1N1) virus was tested and is refated to the influenza A (H1NT1) . oseltamivir resistance. In addition, one seasonal influenza A (H1N1), 11 influenza A (H3N2), and
component of the 2009-10 Northern Hemisphere influenza vaccine (A/Brisbane/59/2007). 837 2009 influenza A (H1N1) virus isolates have been tested for resistance to the adamantanes

(amantadine and rimantadine). The results of antiviral resistance testing performed on these
The seven influenza A (H3N2) viruses tested showed reduced titers with antisera produced viruses are summarized in the table below. Additional laboratories perform antiviral testing and
against A/Brisbane/10/2007, the 2009-2010 Northern Hemisphere influenza A (H3N2) vaccine report their results to CDC and positive resuits from that testing are included in the footriote.
component, and were antigenically refated to A/Perth/16/2009, the WHO recommended influenza .
A (H3N2) component of the 2010 Southern Hemisphere vaccine formulation. Antiviral Resistance Testing Results on Samples Collected Since September 1, 2009.
Resistant Resistant Resistant
Influenza B viruses currently circulating globally can be divided into two distinct lineages Viruses Viruses, Viruses Viruses, Isolates Viruses,
represented by the B/Yamagata/16/88 and B/Victoria/02/87 viruses. The influenza B component tested (n) | Number (%) | tested (n) |_Number (%) tested (n) Number (%)
of the 2009-10 vaccine belongs to the B/Victoria lineage. The six influenza B viruses tested Oseltamivir Zanamivir Adamantanes
belong to the B/Victoria lineage and are related to the influenza vaccine component for the 2009- Seasonal
10 Northern Hemisphere influenza vaccine (B/Brisbane/60/2008). Influenza A 1 1(100.0) 0 0 (0) 1 0(0)
) (HIN1)

Nine hundred forty-two (99.8%) of 944 2009 influenza A (H1N1) viruses tested are related to the . Influenza A 8 0(0) 0 00) 1" 9 (81.8)
A/California/07/2009 (H1N1) reference virus selected by WHO as the 2009 H1N1 vaccine virus. (H3N2) :
Two viruses (0.3%) tested showed reduced titers with antiserum produced against ‘ Influenza B 1. 0(0) 0 0(0) N/A* N/A* j
A/California/07/2009. 2005 -

‘ N ) . . . . influenza A 2,926 39™ (1.3) 830 0{0) 837 834 (99.6)
Annual influenza vaccination is expected to provide the best protection against those virus strains (HIN1) .
that are related to the vaccine strains, but limited to no protection may be expected when the “The adamantanes (amantadine and fimantadine) are not effective againsi nfluenza B viruses.
e aeueany s sirains are so different as o be ffom diferent neages. Antgenic e e oo el e
characterization of 2009 influenza A (H1 NT) viruses indicates that these viruses are only dIStant[y A (H1N1) virus has been identified by these laboratories since September 1, 2009, bringing the total aumber to 42.
related antigenically and-genetically to seasonal influenza A (H1N1) viruses, suggesting that little to .
no protection would be expected from vaccination with seasonal influenza vaccine. It is too early in All of the subtyped influenza A viruses reported during week 1 were 2009 influenza A (H1 N1)
the influenza season to determine if seasonal influenza viruses will circulate widely or how well the viruses, and nearly all of 2009 H1N1 viruses tested since April 2009 have been resistant to the
seasonal vaccine and circulating strains will match. adamantanes (amantadine and rimantadine).

‘

Antiviral treatment with oseltamivir or zanamivir is recommended for all patients with confirmed or
suspected influenza virus infection who are hospitalized, are at higher risk for influenza
complications, or who have lower respiratory tract or progressive disease. Additional information on
antiviral recommendations for treatment and chemoprophylaxis of influenza virus infection is
available at http://www.cdc.gov/H 1N 1flu/recommendations, htm.

2009 influenza A (H1N1) viruses were tested for oseltamivir resistance by a neuraminidase
inhibition assay and/or detection of genetic sequence mutation, depending on the type of specimen
tested. Original clinical samples were examined for a single known mutation in the virus that
confers oseltamivir resistance in currently circulating seasonal influenza A (H1 N1) viruses, while
influenza virus isolates were tested using a neuraminidase inhibition assay that determines the
presence or absence of neuraminidase inhibitor resistance, followed by neuraminidase gene
sequence analysis of resistant viruses. .

The majority of 2009 influenza A (H1 N1) viruses are susceptible to the neuraminidase inhibitor
antiviral medication oseltamivir; however, rare sporadic cases of oseltamivir resistant 2009
influenza A (H1N1) viruses have been detected worldwide. A total of 52 cases of oseltamivir
resistant 2009 influenza A (H1N1) viruses have been identified in the United States since April
2009. While the total number of cases has not increased over the previous week, one previously
reported case was reclassified and one new case was identified. Forty-two of these specimens

2009-2010 Infiuenza Season — Week 1, ending January 9, 2040 ’ 4 ( @ 2008-2010 Influenza Season - Week 1, ending January 9, 2010 5
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were collected after September 1, 2009. The proportion of o%egtar;\ri\;/;r-'retsgzt%ntSZO&QOs Lf:le\gus;es
ivir-resi 20 in .S.
t represent the prevalence of oseltamivir-resistant ! . ¢ fos
Seos?Zdngerca%se drug reSistance was suspected. All tested v1ruseds rgta1n;\h§;r2550ngs|t‘;\gt);;zet:tes g
ini inhibi ivi identified since Apri ,
nidase inhibitor zanamivir, Of the 52 total cases i )9, 4 T
ngﬂ:med exposure to oseltamivir through either treatrr)gnt or chemoprophyla)r(]lsanr:(r;e patients
are under investigation to determine exposure to osel[tamlwr{ a?d t:{tz‘:n?v?rtlfgstisstaice uring
ivi ional development of os durin
documented oseltamivir exposure, Occasiona . ) i Tabiiy of
is i hanced surveillance, an increased ava '
treatment or prophylaxis is not unexpected. En 4 A
i i i ber of public health and other clin
testing performed at CDC, and an increasing num ‘ e ot
ing antiviral resistance testing increase the pumbgr of case ‘
ipnilrszrnnggA (H1N1) viruses detected. All cases are investigated to assess the spread of resistant
strains in the community.

To prevent the spread of antiviral resistant virus strains, CDC remind; clinicians and t:ﬁnpsggfhc of
the need to continue hand and cough hygiene measures for the duration of any symp

influenza, even while taking antivira) medications

(http://www cdc.gov/immwr/preview/mmwrhtml/mm5832a3. htm).

ity ¢ i : i k 1, 7.3% of all deaths
ia and Influenza (P&I[) Mortality Surveillance: During week 1, )
f;[:)il:tr:;?hrough the 122-Cities Mortality Reporting System were due to P&!. This percentage was
below the epidemic threshold of 7.6% for week 1. . .

Pneumonia and Influenza Mortality for 122 U.S. Cities
Week ending 1/9/2010
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Influenza-Associated Pediatric Mortality: Seven inﬂuenza-associated»pediatric deaths were
reported to CDC during week 1 (Winois, Michigan, New York [2]. Oregon, and Texas [2]). Six
deaths were associated with 2009 influenza A (H1N1) virus infection and one was associated with

an influenza A virus for which the subtype was undetermined.. The deaths reported during week 1
occurred between October 11 and December 18, 2009. : '

Since August 30, 2009, CDC has received 236 reports of influenza-associated pediatric deaths that
occurred during the current influenza season (43 deaths in children less than 2 years old, 26 deaths
in children 2-4 years old, 87 deaths in children 5-11 years old, and 80 deaths in children 1217
years old). One hundred ninety-five (83%) of the 236 deaths were due to 2009'influenza A (HIN1)
virus infections, 40 were associated with an influenza A virus for which the subtype is
undetermined, and one was associated with an influenza B virus infection. A total of 255 deaths in
children associated with 2009 influenza A (H1N1) virus infection have been reported to CDC.

Among the 236 deaths in children, 121
normally sterile sites and 39 (32.2%)
identified in 10 (25.6%) of the 39 chil

children had specimens coilected for bacterial culture from -
of the 121 were positive; Streptococcus pneumoniae was
dren and Staphylococcus aureus was identified in 11(28.2%)
of the 39 children. Two S. aureus isclates were sensitive to methicillin, eight were methicillin
resistant, and one did not have sensitivity testing performed. Twenty-six (66.7%) of the 39 children

with bacterial coinfections were five years of age or older, and 14 (35.9%) of the 39 children were’
12 years of age or older, .

Laboratory-Confirmed Influenza-Associated Pediatric Deaths by Date and
Type/Subtype of Influenza.

Influenza A- | s
Date nfluonza || Subtype | Seasonal | p,
Unknown
Number of Deaths REPORTED
for Current Week ~ Week 1 6 1 0 7

(Week ending January 9, 2010)
Number of Deaths OCCURRED '

since August 30, 2009 195 40 ! 238
Number of Deaths OCCURRED g

since April 26, 2009 255 43 2 300

2008-2010 influenza Season — Week 1, ending January §, 2010
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Number of Influenza-Associated Pediatric Deaths by Week of Death: ,m.:u Influenza Laboratory-Confirmed Cumulative Hospitalization Rates
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Influenza-Associated Hospitalizations: Laboratory-confirmed influenza-associated
hospitalizations are monitored using a population-based surveillance network that includes the 10 .
Emerging Infections Program (EIP) sites (CA, CO, CT, GA, MD, MN, NM, NY, OR and TN) and 6 :

2.0

L
o Q
N w
] Q
s) o

new sites (IA, 1D, MI, ND, OK and SD). 100
: . 0.0 lopoan
During September 1, 2009 ~ January 9, 2010, the following preliminary laboratory-confirmed overall 100 65+ yr °
influenza associated hospitalization rates were reported by EIP and the new sites (rates include . . : 400
influenza A, influenza B, and 2009 influenza A (H1N1)): . 8.0 .
’ 6.0 300
Rates [EIP (new sites)] for children aged 0-4 years and 5-17 years were 5.9 (9.7) and 2.5 (3.6) per , a0 200

10,000, respectively. Rates [EIP (new sites)] for adults aged 18-49 years, 50-64 years, and 2 65
years were 2.2 (1.7), 2.9 (1.8) and 2.4 (1.7) per 10,000, respectively. ) ] 20 % 100
) 0.0 Nlng = el

36 38 40 42 44 46 48 50 52 2 4 -6 8 Ao._u._AAmawO

| Week

) * The 2008-09 EIP rate ended as of April 14, 2009 due to the onset of the 2009 HiNt season.

2009-2010 Influenza Season — Week 1, ending January 9, 2010 8 2009-2019 Influenza Season - Week 1, ending January 9, 2010 ,
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Outpatient lilness Surveillance: Nationwide during week 1, 1.9% of patient visits reported through
the U.S. Outpatient Influenza-like iliness Surveillance Network (ILINet) were due to influenza-like
iliness (IL1). This percentage is below the national baseline of 2.3%.

Region 1. CT, ME, MA, NH, RI, VT Region 6 - AR, LA, NM, OK; TX

The increase in the percentage of outpatient visits for ILI during weeks 51 and 52 is likely influenced
by a reduction in routine health care visits during the holiday season, as has occurred during
previous seasons.

4o Ve tor 0

Kol e

FEEESES PSS S EESS LSS SIS S PELS

Region 2 - NJ, NY, Us\vi Region 7 - IA, KS, MO, NE

Percentage of Visits for Influenza-like lilness (ILI) Reported by
the U.S. Outpatient Influenza-like Iliness Surveillance Network (ILINet),
Weekly National Summary, October 1, 2006 = January 9, 2010
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Region 3 - OE, DC, MO, Pa, VA, Wy Region 8 - CO, MT, ND, SD, UT, Wy
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% of Visits for ILI
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Region4 - AL, FL. GA, KY, MS, NC, §C, TN Region @ - AZ, CA, HI, NV
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PR S ] K3 ® o o o 3
Week &SSP FESS LSS FF LS FSESSS LIS
Region §-IL, IN, M1, MN, QH, Wi Regiol - :
I ——%ILI = « =National Baseline . 1o ’ £ien 10 4110, OR. WA

On a regional level, the percentage of outpatient visits for ILI ranged from 0.6% to 3.8% during
week 1. One of the 10 regions (Region 9} reported a proportion of outpatient visits for IL! above its
region-specific baseline levels. Regions 1,2, 3, 4,5, 6, 7, 8, and 10 reported ILI below their region-

specific baselines. (Note: Use of the national baseline for regional IL! data or regional baselines for eren P e =
state-level data is not appropriate.) FE S LS E SIS S oy LS EEE L PP S LS, 4

NOTE: Scales differ between regians
*Use of the regional baselines.for state data is not appropriate.
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ABC Newsletter -13- October 23, 2009

STOPLIGHT: Status of the ABC Bicod Supply, 2008 vs. 2009
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EU Regulator Considers Relaxing Blood Donor Requirements for Flu Pandemic

The Blood Regulatory Committee of DG SANCO, the European regulator for blood requirements, is cori-
sidering relaxing two of its rules to help assure sufficient blood supplies should an HINI flu pa;ndemic
create shonagesi according to a summary report issued by the committee. Representatives from various
European countries and member states are concerned that a severe pandemic could result in a shortage of
blood components of up to 10 or 15 percent. ’ ¢

To .address thi; possibility, the committee asked the Eurapean Blood Alliance (EBA), the association of
nauon'fll. suppliers and regional alliances in Europe, and the national regulators (the so,—called “competent
authorities” for each European Union [EU} member state or country) to attend a meeting at the end of
Se;'iten?ber to discuss the potential impact of the flu on supply, to consider which rules might be relaxed to
maintain an adequate supply, and to gather information from the member states on the measures ana con-
tingency plans they are considering in case the biood supply is at risk because an NHINI influenza
pandemic affects both donors and the staffs of national blood services.

The B]pod Regulatory Committee sets standards of quality and safety for the collection testing

processing, storage, and distribution of human blood and blood components. In advance of the rr;eeting i;

prepargd a working paper providing background information on the following points to be addressed T,he

paper included: .

1. An overview of the potential impact of a pandemic on the blood supply in the EU;

2. Identification of the best ways to correct a potential impact and maintain supply; z;nd

3. An analysis of the potential conflicts between these strategies and the minimum standards for
blood and blood components set by the European legislation.

During the meeting, participants were provided with sev i iginati i
W eral supporting documents, originating from ei-
ther member states or the EBA. ) Hoe &

(continued on page 14)
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EBA Standards (continued from page 13)

Two EU standards were identified as being levers to increase the blood supply on an exceptional and
temporary basis in case of a severe shortage. The first involves the deferral period after a potential do-
nor’s recovery from a flu-like illness. The EU directive requires that 14 days must elapse between the end
of flu-like symptoms in a prospective donor and the donation. Most member states said that reducing this
deferral to seven days would have a major effect on accepting donors during a pandemic.

The membeér states and the committee agreed to request a risk assessment from the European Centre for
Disease Control and Prevention on the impact of reducing this deferral period from 14 days to seven or

even five days.

In terms of acceptable hemoglobin levels in donors prior to donation, current EU rules state thresholds of
12.5 grams per deciliter (g/dL) for women and 13.5 g/dL for men. There was a consensus among the del-
egates to the meeting that for a pandemic, these levels could be reduced to 12'and 13 g/dL, respectively,
without putting the health of the donors at risk.

FDA prefers to defer decisions. When a similar meeting was held earlier this year with officials from the
FDA Centers for Biologics Research and Review and representations of various blood organizations,
FDA said it preféred not to address “theoretical” questions on donor criteria, It said it would consider
such issues as needed. (Source: Blood Regulatory Committee, Summary Report, 9/29/09)

PEOPLE

Elizabeth G. Nabel will be leaving her current position as director of the
National Heart Lung and Blood Institute (NHLBI) at the National Institutes
of Health to become the next president of Brigham and Women’s Hospital
and Faulkner Hospital in Boston, the two medical centers announced on
Thursday. She will start the new job on January I, 2010, when the hospit-
als’ current president, Gary Gottlieb, becomes president and chief
executive of Boston’s Partners HealthCare, the parent organization of the .
two medical centers and Massachusetts General Hospital. He is replacing
James Mongan, who will be retiring at the end of the year. Nabel, a cardi-
ologist who graduated from Cornell University Medical College, has served
at Brigham and Women’s before: she completed her internship and residen-
cy in internal medicine there, as well as a clinical and research fellowship
in cardiovascular medicine. She served on the faculty at the University of
Michigan in the 1990s, and she joined NHLBI in 1999.

CORRECTION: An article in the Oct. 16, 2009, ABC Newsletter misstated the relationship between
Tom and Sue Zuck. She is his wife. We apologize for the mistake. é

Save the Date: FDA Workshop on Emerging Arboviruses

The blood banking community has learned that the Food and Drug Administration will be holding a
workshop on emerging arboviruses and recipient safety on Dec. 14-15, 2009 at the National Institutes of
Health-in Bethesda, Md. The official announcement will be made in the next few weeks. Pre-registration
for this free workshop will be required, and forms will be available at the time of the announcement.
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Association between Severe Pandemic 2009 Influenza
A (HIN1) Virus Infection and Immunoglobulin G,
Subclass Deficiency

C. L. Gordon,' P. D. R. Johnson," M. Permezel,’ N. E. Holmes,' G. Gutteridge,? €. . McDonald, D. P. Eisen,**

A.J. Stewardsan J. Edington,’ P. G. P. Charles,' N. Crinis,* M. J. Black.® J. Torresi," and M. L. Grayson, +*"
"Infectious Diseases, Untensive Care, *Bespiratory, and ‘Pathology Departments, Austin Health, *Depantment of Obstatrics and Gynaecology, Mercy
Haspital for Women, *Victorian Infectious Diseases Service, Royal Melbourne Hospital, University of Melbourne, Metbourne, ’Intensive Care Unit,
Bendigo Health, *Pathalogy Department, Alfred Health, *Department of Epidemiology and Preventive Medicine, Monash University,

and "“Department of Medicine, University of Melbourne. Melbourne, Australia

Background. Severe pandemic 2009 influenza A virus (HIN1) infection is associated with risk factors that
include pregnancy, obesity, and immunosuppression. After identification of immunoglobulin G, (IgG,) deficiency
in | severe case, we assessed IgG subclass levels in a cohort of patients with HINI infection.

Methods.  Patient features, including levels of serum IgG and [gG subclasses, were assessed in patients with
acute severe HIN1 infection (defined as infection requiring respiratory support in an intensive care unit), patients
with moderate HIN] infection (defined as inpatients not hospitalized-in an intensive care unit), and a random
sample of healthy pregnant women.

Results.  Among the 39 patients with HIN1 infection (19 with severe infection, 7 of whom were pregnant; 20
with moderate infection, 2 of whom were pregnant), hypoabuminemia (P<.001), anemia (P<.001), and low levels
of total [gG (P = .01), 1gG, (P = .022), and IgG, (15 of 19 vs 5.0f 20; P = .001; mean value % standard deviation
[SD), 1.8 £ 1.7 g/L vs 34 + 1.4 g/L; P = .003) were all statistically significantly associated with severs HIN1
infection, but only hypoalbuminemia (P-= .02) and low mean IgG, levels (P = .043) remained significant after
multivariate analysis. Follow-up of 15 (79%) surviving IgG,-deficient patients at a mean ( = SD) of 90 + 23 days
(R, 38-126) after the initial acute specimen was obtained found that hypoalbuminemia had resolved in most cases,
but 11 (73%) of 15 patients remained 1gG, deficient. Among 17 healthy pregnant control subjects, mildly low
IgG, and/or IgG, levels. were noted in 10, but pregnant patients with HiN1 infection had significantly lower levels
of IgG, (P= .001).

Conclusions, Severe HIN1 inféction is associated with 1gG, deficiency, which appears to persist in a majority
of patients. Pregnancy-related reductions in IgG, level may explain the increased severity of HIN1 infection in
some but not all pregnant patients. The role of IgG, deficiency in the pathogenesis of HIN1 infection requires
further investigation, because it may have-therapeutic implications. '

Since the onset of the current novel influenza A (HINY) pression, are associated with severe disease [1, 2). In
Victoria, Australia; which was one of. the key regions
for the HINI pandemic in the Southern Hemisphere

{3, 4], such risk factors have been frequently observed

virus pandemic, it has been recognized that certain risk
factors, such as pregnancy, obesity, and immunosup-

in our sickest patients, but the explanation for this
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association has remained- elusive [5].

We identified immunoglobulin G, (IgG,) subclass de-
ficiency in 1 young pregnant patient who had an un-
usual presentation with severe HIN1 infection that re- -
quired intensive cate unit (ICU) admission. Because of
this observation, we systematically assessed total IgG
and IgG subclasses in all patients with HINT infection
requiring ICU care {many of whom were pregnant) and

672 + CID 2010:50 (1 March) * Gordon et al




compared these results with those obtained from all inpatients
with less severe HINT infection (ie. those patients who did not
require ICU admission), as well as a random sample of healthy
pregnant women who presented for routine antenatal care.

METHODS

The study was initially undertaken at Austin Health (AH), a
tertiary university teaching hospital in Melbourne, Australia.
After the observation of IgG, deficiency in a patient with HIN!
infection, all patients with polymerase chain reaction (PCR)~
proven HINI infection who were sufficiently unwell to require
admission to AH underwent routine hematological and bio-
chemical assessment, had their serum immunoglobulin levels
and subclasses determined, and were reviewed for their clinical
features, demographic characteristics, and treatment outcome.
Acute-phase serum samples were either assessed prospectively
or were retrieved from storage for analysis; patients for whom
there were no appropriate stored serum samples were noted
but not included in the study. Because of the potential thera-
peutic implications of our initial findings, and after discussions
with the Department of Human Health Victoria, we subse-
quently broadened recruitment to 2 other hospitals in Victoria
(Royal Melbourne Hospital [RMH] and Bendigo Health {[BH]),
which were actively managing patients with severe HINI in-
fection and had ICU admission criteria that were similar to
those at AH, to obtain similar acute-phase scrum specimens
and clinical details.

The following definitions were used for the study: patients
with severe HIN1 infection were defined as those with con-
firmed HINI infection who required admission to the ICU for
respiratory (invasive or naninvasive mechanical ventilation)
and/or vasopressor support, whereas patients with moderate
HINI1 infection were defined as those who required hospital
inpatient (but not [CU) care. Community-acquired pneumonia
was defined according to the Infectious Diseases Society of
America guidelines [6].

The clinical and laboratory features of patients with severe
HINI infection at the 3 recruitment sites (AH, RMH, and BH)
were compared with those of patients with moderate HIN!
infection (AH). All patients who were found to be IgG subclass
deficient during their acute illness were followed up to obtain
convalescent immupoglobulin and 1gG subclass levels ta assess
whether the identified deficiency was transitory or persistent.

Because a large number of our patients with severe HIN1
infection were pregnant, we Investigated the immunological
status of a random sample of healthy pregnant women to com-
pare these results with those observed among pregnant women
with moderate and severe HINI infection. Thus, we obtained
serum samples from 15-20 healthy pregnant women who had

antenatal outpatient visits at the Mercy Hospital for Women
(Melbourne, Australia) on 19 or 20 July 2009,

All data were summarized and analyzed according to HIN1
infection severity (severe vs moderate), presence of pregnancy,
and, if the patient was pregnant, presence of HIN1 illness (pa-
tients with HIN1 infection vs healthy control subjects). Ethics
commmittee approval was obtained at all 4 participating centers
that undertook the study.

Laboratory assays. The presence of HINI infection was
confirmed by strain-specific PCR at the Victorian Infectious
Diseases Reference Laboratory and World Health Organization
Influenza Reference Laboratory (Melbourne, Australia) using
standard HINL assays.

Serum immunoglobulins (IgG, IgM, and IgA) were assessed |

using Both a Beckman IMMAGE 800 analyzer (Beckman Coul-
ter) and an Abbott Architect ci8200 analyzer (Abbott Labo-

ratories, Abbott Park) in accordance with the manufacturers’ -

instructions. Similarly, immunoglobulin subclasses (IgG,, IgG,,
IgG;, and IgG,) were measured using Binding Site Human IgG
Subclass kits on a Beckman IMMAGE 800 analyzer in accor-
dance with the manufacturer’s instructions. The reference
ranges for normal adults according to the manufacturer were
as follows: total [gG, 7.0-16.5 g/L; 1gG,, 3.8-9.3 g/L; 1gG,, 24—
7.0 g/L; 1gG,, 0.22-1.76 g/L; IgG,, 0.04-0.86 g/L. Routine he-
matological and biochemical analyses were performed in the
Pathology Departments at contributing hospitals.

Statistical analysis.  Univariate analysis was undertaken us-
ing Fisher's exact test, Student’s ¢ test, or the Wilcoxon rank-
sum test {as appropriate) with Stata software, version 8.2 (Stata
Corporation), to identify features associated with HINI infec-
tion severity. Variables that were potentially associated (P<.2)
on univariate analysis were included in a multivariate analysis
to identify features statistically associated with severe HIN1
infection. Similarly, a univariate analysis of the clinical and
laboratory features of healthy vs HINI-infected pregnant par-
ticipants was undertaken to assess for any associations with the
presence of HIN1 infection. A P value of <.05 was considered
to be statistically significant.

RESULTS

Severe versus moderate HIN! infection. A total of 47 patients
with acute HINT infection (19 with severe infection and 28

with moderate infection) were assessed from 30 May through

16 August 2009. Appropriate serum specimens were available
for 39 patients (19 with severe infection and 20 with moderate
infection), and results are shown in Table 1. Among the 8§
patients for whom no serum samples were available, no special
features were noted to explain the lack of stored serumn samples.

Patient demographic data and comorbidities for the 39 par-
ticipants were similar between the severe and moderate HIN1

1gG, Deficiency and Severe HINI Infection + CID 2010:50 (1 March). » 673

Table 1. Comparison of Results for Inmunaglabulin {Ig} Levels for Patients with Severe versus Moderate HINT Infection

Severe Moderate
HIN1 infection H1iN1 infection

Variable (n= 19 (n = 20) P.
Age, mean years * SD (range) 36 + 19 (16-79) 41 * 16 {13-78) .32
Male sex 7 1 .34
Pregnant” 7 ) 2 ’ .065
Comorbidity

Hematological mahgnancyb 1 2 SBQ

Solid-organ traasplantation : 0 2 49

Asthma {requiring inhaled corticosteroids only} 3¢ 6 ’ 45 .

Obesity 1© 3 .60

Diabetes mellitus . 3" 5¢ -.70
influenza-related myocarditis . 1 0 .
Pneumonia present® 16 4 <.001
1CU managemen[’ ‘

Endotracheal intubation/ventilation alone 12

Endotracheal intubation/ventilation plus ECMO

Noninvasive ventilationfhigh-flow oxygen 5
Mortality 2 0 .23
Laboratory results

Hemoglobin level, mean g/l (£ SD) 104 *+ 23 133+ 21 <.001

f.eukocyte count, mean cells X 10%L (=SD) 10.4 + 105 8.7 + 83 .66

Lymphocyte count, mean cells X 10%L (£ 5SD) 094 £ 05 3.0 £ 88 .31

Renal impairment {creatine level >110 umol/L) 4 3 .70

Abnormal fiver function 16’ " .08

Serum albumin level, mean g/t = SO {range)® 23 + 5(16-34) = 5(23-42) <001
Immunogichulin data '

Mean day (= SD} of HIN1 illness when serum immunoglobulins assessed {range} 6.2 £ 2.4 (3-11) 6.9 = 6.1 {1-23} . .67

Low IgA 3" 2" 66

Low IgM 7" & 86

Low total IgG : 12 4 01

Total 1gG levels, mean g/L {xSD) 7.2 £ 55 » 8.7 £ 24 T o..069

Patients with low 1gG, . 1" 4 022

1gG, levels, mean gfL {xSDy 42 = 39 5219 31

Patients with low (gG, 18’ ) .001

19G, levels, mean g/L {=SD) ’ ) 18+ 1.7 34 + 14 003 °

NOTE. Data are no. of patients, unless otherwise indicated. Severe HIN1 infection was defined as requiring intensive care unit {{CU} admission and
respiratory support. Moderate HING intection was defined as requiring hospital admission but not ICU admission. ECMO, extra-corporeal membrane oxy-
genation: SO. standard deviation

® Ot the 7 pregnant women with severe HIN1 infection, 2 had mild asthma {rot using inhaled corticosterdids), whereas 1 pregnant woman'with moderate * -
HlN\ infection had both type 2 diabetes mellitus and obesity.

® One patient in each group had chronic lymphocytic leukemia
€ One patient had obesity and diabetes, and 1 patient had asthma and diabetes. Al 3 patients had type 2 diabetes.

4 One patient had asthma, obesity, and diabetes; 2 patients had obesity and disbetes: 3 patients had asthma and diabetes; 1 patient had obesrty and.
asthma. Two of 5 patients had type 1 diabetes, and 3 of 5 patients had type 2 diabetes. -

® Community-acquired pneumonia was defined according 10 Infectious Diseases Society of Amaerica guidelines (6)

' Among patients who required endotracheal intubation/ventilation alone, ECMO, and noninvasive ventilation/high-flow oxygen, pregnancy was present in
4,1, and 2 patignts, respectively.

9 Serum albumin level on same day that immunoglobulin fevels were measured.

" Deficiencies in IgM and IgA were all mild.

' An additional patient who was 16 years and 11 months of age was not reported to have deficientimmunaglobulin levels, because her immunoglobulin
levels were within the pediatric range; however, these values would have been considered to be deficient if the adult (defined as =17 years of age) normat
range values had been used. .
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Figure 1. Serum immunoglabulin G {1g6) {1otal), 1gG,. and IgG, levels for patients with acute HIN1 infection stratified according to disease severity
{severe vs moderate) and compared with healthy pregnant {Preg) patients. Data are shown for pregnant patients with HINT infection (@), nonpregnant
patients with HIN1 infection (). and healthy pregnant control patients (O, Dashed line, mean value of each grouping. dotted fine, fower fimit of

normal adult range for the relevant immunoglobulin.

infection groups, except that pregnancy was more common
among patients in the severe HIN1 infection group (7 of 19
vs 2 of 20); however, this difference did not achieve statistical
significance (P = .065; Table 1).

Hypoalbuminemia and anemia were more common among
patients with severe HINT infection (P< .00l for both; Table
1). Similarly, the presence of severe HIN1 infection was sig-
nificantly associated with low levels of total IgG (12 of 19 vs
4 of 20 patients; P = .01), 1gG, (11 of 19 vs 4 of 20 patients;
P = 022) and [gG, (15 of 19 vs 5 of 20 patients; £ = .00
Table 1 and Figure 1), compared with patients with moderate
HINT1 infection. Furthermore, 1 patient with severe HINI in-
fection (patient A) was a pregnant woman at 21 weeks gestation
(age, 16 years and 11 months) who had an IgG, level of 1.1 g/
L, which was reported as normal on the basis of the IgG,
reference ranges used for children (age <16 years: 0.6-5.0 ¢/
L) but would have been considered to. be deficient if the adult

nemia (P = .024). After this analysis, only low mean serum
concentrations of IgG, and albumin remained statistically sig-
nificantly associated with severe HINT infection, compared
with moderate HIN1 infection (P = .043 and P = .02, re-
spectively; Table 2).

Among the 21 patients identified as IgG, deficient during
the acute stage of HINI infection (16 with severe infection,
including patient &; 5 with moderate infection), convalescent
serum samples was obtained from 15 patients (71%; 11 with
severe infection, 6 of whom were pregnant; 4 with moderate
infection, | of whom was pregnant) a mean (+SD) of 90 *
23 days (range, 38—126‘days) after the initial acute-phase spec-
imen was obtained. Convalescent-phase serum samples were
not available for 6 patients, because 2 had died, 3 were not
contactable, and 1 refused testing. Serum IgG, results are shown
in Figure 2. Among the 11 patients with previous severe HINL
infection, serum [gG, levels remained in the deficient range for

IgG2 with recovery - Severe HIN1

lgG2 with recovery - Moderate HIN1

44 4=
g3 o 3
”
< 2 g 2
0
g 3
2 °
@ 1 & 14
T T T = 0 T T T 1
0 50 100 150 [ 50 100 150
Time from 1st IgG2 level Time from 1st 1gG2 level
(days) {days)

Figure 2. Comparison of serum immuﬁogiobulin G subclass 2 [lgG,) tevels among patients with 195, deficiency during severe HINT infection and
with recovery {nonpregnant and pregnant women). Data-are shown for pregnant patients with HIN' infection (@) and nonpregnant patients with
HINT infection (). Dashed fine, pregnant patient at time of initial 1gG, sample; dotted /ine. lower limit of normal adult range for 1gG,

HIN1 infection, but this was 77 days before testing of con-
valescent-phase serum samples. Notably, the only patient with
severe HINI infection with normal convalescent-phase IgG,
levels who was nonpregnant was only mildly deficient during
the acute phase of illness (acute-phase IgG, level, 2.1'g/L; con-
valescent-phase 1gG, level, 2.6 g/L; normal range, 2.4 g/L).
Of the 4 patients with moderate HINI infection who were
assessed at follow-up, 3 remained IgG, deficient, including 1
woman who was still pregnant at this time (Figure 2).
Persistence of immunoglobulin deficiency was less promi-
nent for non-IgG, subclasses.. Among the 8 patients with severe
HINI infection who were initially deficient in IgG,, 6 had
normal IgG, levels on tésting of convalescent-phase serum sam-
ples (data not shown). Similarly, hypoalbuminemia had re-

" solved in miost patients (9 of 14 assessable patients); however,

of the other 5 patients, 2 remained pregnant at the time of
follow-up.

Immunoglobulin levels and pregnancy. A total of 9 pa-
tients with HIN1 infection were pregnant (23%; Table 1). Se-
rum immunoglobulin levels for these patients were compared
with levels for 17 healthy pregnant control subjects, and resuits
are shown in Figure | and Table 3. The healthy pregnant wormen
were slightly older than those with HINI infection, but both
groups were similar with regard to mean gestation period (Table
3). Among the 17 healthy patients, 10 had mildly low IgG, and/
or [gG, levels, compared with the standard reference range for
nonpregnant women (IgG, alone, 4 patients; [gG, alone, 4 pa-
tients; 1gG, and IgG,, 2 patients). However, pregnant women
with H1N1 infection had signiﬁcar{tly lower mean levels of total
1gG (P<.001), IgG, (P = .005), and IgG, (P = .001) than did
the 17 control subjects (Table 3 and Figure 1).

Table 3.. Comparison of Results for Pregnant Women with HIN1 Infection versus Healthy Control

reference ranges (age =17 years: 2.4-7.0 g/L) had been applied. 8 (73%; 3 postpartum, one pregnant; and 4 nonpregnant; Fig- Subjects

Assessment of the mean ( = standard deviation [SD]) con- ure2). Two of the 3 patients with severe HIN1 infection with
centrations of total 1gG and IgG subclasses demonstrated that normal convalescent serum IgG, levels were postpartum Patients with Healthy
patients with severe HIN1 infection had significantly lower women: | of these 2 women had received intravenous pooled voriati HIN1 infection® control subjects®

. . ar, = =
evels of 1gG, (and therefore lower levels of total IgG) than did immunoglobulin as a component of her therapy for severe faote ln=19 n =17 P
patients with moderate HIN' infection (Table 1). However, the ége. mean years SkD 1ransge) 2; + 6.2 (;6—37) 30 = 3.9 (20-36) .008
" P = estation, mean weeks * 8D {rangel 32 = 6.0(21-38) 35 = 2.9 (28-40) 16
mean { = 5D) levels of [gG, (4.2 £ 3.9 vs 5.2: 1.9 g/Ld o Table 2. Multivariate Analysis of Features Potentially Asso- Low total IgG % 3 008
-31), 1gG, (0.50 = 0.28 vs 0.77 = 0.55 gL P = ‘07? af“ 854 ciated with Severe versus Moderate HIN1 Infection Total {gG level, mean g/L (+SD) 52 = 1.7 85 + 1.7 <.001
(0.28 = 043 vs 0.24 £ 0.24; P = .68) were not significantly Low 1gG 6 6 22
differ;}i:;elr\vﬂefenfanz;'ts wit};)severe and patients with mod- (%Qd:;;iad‘i;ce Mean (= SO} 1gG, level, mean ofL { SD) g e 11 0 =15 e
ection (Figure 1}, N

erate .m‘ ! & . - Variable interval) P Low IgG, 7 6 097

The association between pregnancy, hypoalbuminemia, ane- G, level, mean g/l {=SD) 15+ 10 28 = 08 o

8.9 (032-2482) .20
1.01 (0.94-1.08 .80
Mean serum albumin per g/L 1.6 (1.08-2.3} .02
Mean immunoglobulin G, level per g/l 2.28 (1.03-4 92} 043

mia, and low levels of IgG, with severe HIN1 infection were Pregnancy

assessed in a multivariate model: The results are shown in Table Mean hemoglobin per g/L
2. Abnormal liver function test results were not included in
this analysis, because they were correlated with hypoalbumi-

NOTE. Data are no. of patients, untess otherwise indicated. igG, immunoglobulin G

® Including 7 patients with severs HI1N1 infection and 2 patients with moderate HIN1 infection.

® Two healthy pregnant patients had gestational diabetes.

< An additional patient who was 16 years and 11 months of aga was not feported to have deficient immunoglobutin
levels, because her Immunoglobulin levels were within the pediatric range: however, these values would have been
considered to be deficient if the adult (defined as =17 years of age} normai range values had been used.
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DISCUSSION

Although a number of authors have described the clinical fea-
wres of HINY infection [7-9), including those of pregnancy
as a risk factor for severe HINI infection (10}, this is, to our
knowledge, the first report to identify a potential association
between HINL disease severity and the presence of immuno-
globu]m subclass deficiency. Patients with severe HIN1 infec-
tion were significantly more likely to be deficient in IgG, than
were patients with moderate HIN} infection (P = 001); 1gG,
deficiency was not necessarily noticeable if only total 1gG levels
were assessed. Furthermore, our findings suggest that, for the
majority of such patients (11 of 15 patients; 73%), 1gG, defi-
ciency persists after recovery from HINI infection, regardless
of whether the illness was associated with possible risk factors,
such as pregnancy. Low IgG, levels are therefore less likely ta
be simply related to a severe inflammatory response, as is some-
times noted for acute-phase reactants, such as albumin, creatine
kinase, and lactate dehydrogenase {8, 11].

1gG subclass deficiency is usually asymptomatic, and low
levels of 1 or more [gG subclasses can be found in 2%-20%
of healthy individuals [12, 13]. If symptomatic, patients with
IgG subclass deficiency tend to have recurrent sinopulmonary
bacterial infections {13}. However, to our knowledge, IgG sub-
class deficiency has not been studied in detail in humans with
influenza infection, although in mouse models, anti-influenza
antibody (and specifically IgG) has a key role in virus control
in the lower respiratory tract, compared with the upper res-
piratory tract [14, 15). In humans, Logtenberg et al [16] de-
scribed a single patient with severe transitory hypogamma-
vglobulinemia associated with acute influenza A virus infec-
tion. However, in this case, all immunoglobulin classes (IgG,
1gM, and [gA) were affected. Other than this teport, we can
find no other association between influenza and immunoglob-
ulin deficiency.

Thus, it is uncertain whether we have simply identified a
cohort of patients with HINU infection with underlying un-
recognized IgG, deficiency, or whether there is an interaction
between the HINI virus and the host that leads to such de-
ficiency. Given that the half-life of IgG, is ~3 weeks [17], a
potent and specific interaction between HINT virus and host
B cells would need to occur to lead to such a precipitous de-
crease in serum IgG, Bone marrow apoptosis of B cells by
influenza virus has been demonstrated in mice (18], but how
this relates to disease in humans remains unclear. However, the

fact that the 1gG, deficiency that we identified appears to persist

in most cases long after disease resolution (convalescent serum
samples were collected a mean (£ SD) of 90 £ 23 days after
the acute phase of illness) suggests the possibility of potential
long-term implications for these patients and that follow-up
of moderate and severe cases of HINT infection may be war-

ranted.

Because of our findings, we hypothesize that IgG, deficiency
may be associated with an inability to mount an early effective
immune response to influenza and may therefore be linked to
severe disease. Furthermore, if the IgG, deficiency that we ob-
served is long-lasting or permanent, will this affect the patients’
likely response to influenza vaccination? Response to influenza
vaccination is measured by specific neutralization assays, rather
than by total immunoglobulin concentrations, and it is not
known whether response to influenza vaccination by individ-
uals who are [gG, subclass deficient is diminished.

Pregnancy is a known risk factor for increased severity of
both seasonal and pandemic influenza infections [19~23],
which is thought to be attributable to pregnancy-related phys-
iologic and immunologic changes, such as decreased lung ca-
pacity and increased cardiovascular demand, as well as a shift
away from cell-mediated immunity to humoral immunity (24).
Our finding that a substantial number (10 of 17) of our healthy
pregnant cohort had mildly low IgG, and/or IgG, levels is con-.
sistent with the known decrease in immunoglobulin levels that
occurs during normal pregnancy and resolves after delivery [25,
26]. Low 1gG, levels in pregnant women could therefore po-
tentially explain why pregnancy appears to be a risk factor for
severe HIN1 infection {2-4]). However, this alone does not
appear to explain the significantly lower levels of [gG, observed
among pregnant patients with HIN1 infection, compared with
levels among our healthy pregnant gontrol subjects (P = .001),
nor the fact that 1gG, deficiency persisted postpartum in some
women with severe HIN1 infection.

Although 1gG, deficiency appears to be associated with HINI
infection severity, it remains uncertain whether administration
of immunoglobulin to patients who are IgG, deficient is likely
to be therapeutically beneficial. We administered pooled im-
munoglobulin to some of our patients with severe HINI in-
fection who had [gG, deficiency, but our observations were
uncontrolled, Nevertheless, convalescent blood products were
administered during the Spanish influenza pandemic with a
reduction in mortality [27], and more recently, convalescent-
phase plasma samples obtained from a patient who recovered
from HSN1 influenza infection was used successfully [28]. Fur-
ther investigation of the use of convalescent-phase blood prod-
ucts in severe pandemic HIN1 infection is needed.

Our study has a number of important limitations, including
being of relatively limited size and lacking suitable specimens
to analyze patient cellular immunity or to assess influenza virus
neutralization, and we have not compared our findings with”
those that might be expected among healthy nonpregnant con-
trol subjects. Furthermore, with the number of cases of HINT.
infection now decreasing in Australia, our findings need to be
confirmed in other geographical locations (although the HIN1
strain circulating in Victoria appears to be the same as that
isolated in the Northern Hemisphere) {4].

1gG, Deficiency and Severe HIN1 Infection + CID 2010:50 (1 March) < 677

Nevertheless, we considered our finding of a statistically sig-
nificant association between 1gG, deficiency and HINI infec-
tion severity to be sufficiently notable and hypothesis-gener-
ating in terms of potential clinica! therapeutic importance that
prompt notification of these data to clinicians managing cases
of HINI infection was warranted,
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Risk for
Transmission of
Pandemic (H1N1)

2009 Virus by Blood
4nm:mﬁ:mmo:

To the Editor: Influenza A pati-
demic (HIN1) 2009 virus emerged in
carly 2009 in Mexico and has since
spread worldwide. In Japan, the first
outbreak of the novel influenza was
reported in May 2009 (/) and became
pandemic in November. Although na
cases of transfusion-transmitted influ-
enza have heen published, evidence
exisls of briel viremia before onset
of symptoms (2,3). The possibility
of transmission of this virus through
transfusion of donated blood is of con-
cern. The Japanese Red Cross Blood
Centers have intercepted blood prod-
ucts with accompanying postdonation
information indicating possible pan-
dermic (FHIN1) 2009 infection and at-
tempted to identify the viral genome
in those products by using nucleic acid
amplification technology (NAT).

During  June-November 2009,
blood ‘'samples- were collected from
plasma and erythrocyte products that
had been processed from donations;
postdonation ' information indicated
diagnosis of pandemic (HINT) 2009
infection soon after donation. Viral
RNA was extracted from plasma sam-
ples and erythrocyte fractions by us ing
a QlAamp Virus Biorobet MDx kit
(QIAGEN, Valencia, CA, USA) and
a High Pure Viral Nucleic Acid Large
Volume kit (Roche Diagnostics, [ndia-

napolis, IN, USA), respectively. RNA
samples were subjected to real-time
reverse transcription-PCR (RT-PCR)
of hemagglutinin (HA) and matrix M)
genes of influenza A by using PRISM
7900 (Applied Biosystems, Foster
City, CA, USA). The RT-PCR of HA
was specific for pandemic (HIND)
2009 virus, whereas the RT-PCR of M
was designed to detect both pandemic
(HINT) 2009 and seasonal infiluenza
A viruses. The sequences of probes

722

and primers were synthesized accord-
ing to the protocals developed by the
Japanese National Institute of Infec-
tious Diseases (4). Either 200 L of
a plasma sample or 100 pL of packed
erythrocytes was used for each test,
and the test was performed 2x for each
gene in each sample. Before the inves-
tigation using donated blood samples,
the sensitivity of the NAT system was
checked by spiking experiments. Viral
particles of pandemic (HIN1) 2009
virus (A/California/04/2009 [HIN1]),
donated by the National Institute of
[nfectious Diseases, were spiked into
plasma and erythrocyte samples from
healthy volunteers, Viral RNA was
detected in the plasma samples spiked
with viral particles corresponding to

300 genome equivalents/inl and in

" the packed erythrocyte samples spiked
with viral particles corresponding to
3,000 genome equivalents/mL.
NAT was conducted by using 96
plasmaand 67 erythrocyte samples ob-
tained from 96 blood donors who had

25

No. donations

symptoms of influenza within 7 days
postdonation. For 20 donors, pandem-
ic (HINT) 2009 was diagnosed within
I day postdonation and, for another
20, within 2 days postdonation (Fig-
ure). Pandemic (FIIN1) 2009 virus
was not found in any of the samples
tested, but it was consistently detected
in the external positive control. These
results suggest that the viremia with
pandemic (HINI) 2009 virus, if any,

-is very low and can be missed by cur-

rent NAT or that the viremic period is
00 brief to identify viremia. Although
the risk for transmission of pandeinic
influenza by transfusion seems to be
low, further investigation is needed to
elucidate this risk.

Chieko Matsumoto,
Rieko Sobata,
Shigeharu Uchida,
Takao Hidaka, Syunya Momose,
Satoru Hino, Masahiro Satake,
and Kenji Tadokoro

w1619y

Days postdonation

Figure, Number of blood donations from persons for whom pandemic (H1N1) 2009 infection
was diagnosed postdonation and time between donation and diagnasis, by donor age,

Japan.
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Letters

Letters commenting on recent articles
as well as letters reporting cases,
cutbreaks, or original research are
welcome. Letters commeating on ar-
ticles should contain no more than
300 words and § references; they are
mare likely fo be published if submitted
within 4 weeks of the original article's
publication. Lefters reporting cases,
outbreaks, or original research should
contain no more than 800 words and
10 references. They may have 1
Figure or Table and should not be di-
vided into sections. All letters should
contain material not previously pub-

lished and include a word count.

Emerging Infectious Diseases » www.cdc.govieid «Vol. 16, No. 4, April 2010

Rapid Emergence
of Oseltamivir
Resistance

To the Editor:
A pandemic (HINT) 2009 virus has
spread globally since it first appeared
in Mexico in April 2009. This third
influenza pandemic since the Span-
ish influcnza pandemic of 1918 (/)
has caused at least. 400,000 infections
within 6 months; estimated mortality
rate is 1.2% (2). Emergence of osel-
tamivir ‘resistance in the pandemic
(HINT) 2009 virus is a rising chal-
lenge to global control of the pan-
demic. So far, 39 oseltamivir-resistant
pandemic (HIN1) 2009 viruses have
been reported worldwide (3). Among
the 32 resistant strains reported in Oc-
tober 2009, a total of 13 (41%) were
associated with postexposure chemo-
prophylaxis and 16 (50%) were from
samples of patients receiving oselta-
mivir (3). We report rapid emergence
of resistance (I{275Y mutation) in a
patient, 4 days after early treatment
with standard doses of oseltarnivir for
pandemic (HIN1) 2009 pncumonia.
On September 1, 2009, a 20-year-
old man with mental retardation con-
sulted the emergency department of
Kaohsiung Veterans General Hospital
after 1 day of fever, sore throat, and
nonproductive cough. A rapid diag-
nostic antigen test (Quick Vue Influen-
za test; Quidel, San Diego, CA, USA)
showed the man to be positive for
influenza A, He was hospitalized for
bilateral pneumonitis and treated with
oseltamivir (75 mg 2x/day for 5 days),
ampicillin/sulbactam, and erythromy-
cin. However, a progressive increase
in bilateral perihilar interstitial in-
filtration developed on the third day,
accompanied by increasing dyspnea.
Influenza A pandemic (HIN1) 2009 vi-
rus was isolaled from the patient’s na-
sopharyngeal secretions on days ! and
4 by using MDCK cells. After DNA
sequence analysis of the neuramini-
dase gene, the mutation of H275Y was
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not found in the first isolate, but se-
quence analysis of the second isolate
detected mixed populations (C/T) in
the 823-nt position of the neuramini-
dase gene. Only a single pattern (T)
was found from the cuitured viruses,
indicating a mixed quasispecies of
oseltamivir-resistant and -susceptible
viruses emerging after 4 days of os-
cltamivir weatment. The oseltamivir-
resistant viruses become dominant in
the cell. culture-propagated viruses.
Chan et al. reported a similar case in
which the original clinical specimens
contained a mixed population of vari-
ants, and oseltamivir-resistant viruses
become dominant after the passage in
MDCK cells (4).

On his Sth day in the hospital, the
patient was intubated because of acute
respiratory distress syndrome (Figure)
and given levofloxacin. Urine samples
were negative for Pre coccus and
Legionella spp. antigens. The patient
improved and was extubated on hos-
pital day 16.

Paired serologic test results were
negative for Mycoplasma preumoniae
and Legionrella spp. antibody; howev-
er, immunoglobutin G for Chlamydia
preumoniae increased 4-fold. By 37
days after illness onset, clinical signs
and symptoms resolved and bilateral
{ineoreticular infiltration was reduced.

On August B, 2009, Taiwan had
the most devastating typhoon (Ty-
phoon Morakot) in 50 years. The
patient veported here had stayed in a
typhoon evacuation camp for | week
before his influenza signs and symp-
-toms developed. Although 4 sporadic

cases of pandemic (HIN1) 2009 in-
fections were reported trom the same
camp, none of the isolated viruses
harbored the H275Y mutation in the
neuraminidase gene. No evidence of
virus transmission was found among
healthcare personnel, family members,
and camp members who had been in
close contact with the patient,
Qseltamivir has been recommend-
ed by the US Centers for Disease Con-
ol and Prevention for the treatment of
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Infection with the recently emerged pandemic infly-
enza A(HiN1} virus causes mild disease in the vast
majority of cases, but sporadically also very severe
disease. A specific mutation in the viral haemagglu-
tinin (D222G) was found with considerable frequency
in fatal and severe cases in Norway, but was virtualty
absent among clinically mild cases. This difference
was statistically significant and our data are consist-
ent with a possible causal relationship between this
mutation and the clinical outcome.

The 2009 influenza A(H1N1) pandemic has been char-
acterised by mild and self-timiting disease in the over-
whelming majority of cases. However, severe and fatal
‘cases, many of them with primary viral pneumonia,
have been occurring in age groups where such clinical
outcomes are very rarely seen in seasonal influenza
[1,2]. It.is important to better understand what viral
and host-related factors determine this dichotomy.

Genetic characterisation of clinical
specimens

As part of the intensified surveillance carried out dur-
ing the current influenza pandemic, the national refer-
ence laboratory for human influenza at the Norwegian
Institute of Public Health collected a large number
of respiratory specimens from verified and passible
cases of pandemic influenza. In the present study we
analysed 61 respiratory specimens from severe and
fatal cases that occurred between July and December
2009, as well as from 205 cases with mild clinical out-
comes collected between May 2009 and January 2010.
Genetic characterisation was performed using con-
ventional sequencing, or with a pyrosequencing assay
subsequently developed to detect the particutar muta-
tions described below and which facilitated investiga-
tion of a'large number of specimens.

Here we report the occurrence of an amino-acid substi-
" tution, aspartic acid to glycine in position 222 (0222G)
inthe HA1subunitoftheviralhaemagglutinin,in clinical
specimens from 11 out of 61 cases analysed in Norway
with severe outcome. Such mutants were not observed

waww.elrosurveillance org
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in any of 205 mild cases investigated (Table), thus the
frequency of this mutation was significantly higher in
severe (including fatal) cases (p<0.001, Fisher's exact
test, two-sided) than in mild cases. D222G mutants
were detected throughout the sampling period, from
the first recorded severe cases in July until early
December. The frequency of another substitution in
the same position, D222E, did not differ stgnificantly
between mild and severe cases {p=0.772). Yet another
substitution, D222N, was observed in a very few cases
(n=4), and at a higher rate than expected among severe
cases (three of four cases, p=0.039). The wild type
222D was, not’surprisingly, significantly less frequent
in severe than in mild cases (p«o.001).

In several of the patients where D222G mutant viruses
were found, they coexisted with wildtype 222D viruses.
Further analysis of this phenamenon is ongoing.

The cases infected with the D222G-mutated virus were
not epidemiologically rélated to each other, and the
mutated viruses do not cluster together in phyloge-
netic analysis (data not shown).

Validity and limitations of the analysis
Cases with severe clinical outcomes were much more
likely to be included in our study for several reasans:
they are more likely to seek healthcare, they are more
likely to be prioritised for virological testing, and their
specimens are more likely to be forwarded to the
national reference (aboratory where they have a higher
chance of being selected for detailed analysis than
viruses from mild cases. Because of this, we chose
to record the frequency of a given genotype in each
severity group and compare it with the corresponding
frequency in other severity groups. This approach is
not expected to haye a selection bias.

Cases were classified as mild, severe non-fatal and
fatal based on the patient information that was avail-
able to us. Some seemingly mild cases may later have
exacerbated to severe outcomes without our knowl-
edge, or the presented patient information may have

been incomplete, but we think these cases must be
few. On the other hand, all severe and fatat cases were
confirmed as non-mild. Thus, the fact remains that
only cases confirmed as severe cutcomes exhibited the
D222G mutation in our investigation,

The sampling period for the cases analysed spans
from the initial detections af the pandemic HiN1 virus
in early May 2009 untit early January 2c010. The first
severe and fatal cases occurred in july. By the end of
December, the epidemic in Norway had largely passed,
and a large proportion of cases in our data set is from
the peak period in October and November, At all times

. an effort was made to include a reasonable number of

non-severe cases in our analyses, and such cases were
well represented throughout the pandemic. The frac-
tions of severe/fatal cases among all analysed cases
during the two-month periods July/August (n=21),
September/October (n=84), and November/December
(n=149), were within the range of 23% to 26%. Severe
outcomes were not recorded among the few cases in
May and June (n=11) and in January {n=1). We thus do
not see a trend over time in the composition of severe
versus mild cases in our dataset that could lead to
an artificial difference in the frequency of the D222G
substitution. Furthermore, the D222G substitution was
represented afso among the earliest fatal and severe
cases in july and August.

Specimens from both the tower and upper respiratory
tract were analysed. Lower respiratory tract speci-
mens were available from severe/fatal cases only, and
in some cases they were the only materials available.
However, in att cases where we had paired upper and
lower airway specimens (five cases with 222D and four
cases with 222G), the wildtype-versus-D2226 pattern
was matching between the locations. We have there-
fore no reason to believe that this difference in propor-
tion of lower airway specimens distorted the analysis.

Discussion

Amino acid position 222 resides in the receptor bind-
ing site of the HA protein and may possibly influénce
the binding specificity and thus the celiular tropism
of the virus. The corresponding difference between

TasLe

two viruses from the 1918 Spanish influenza pandemic
correlates to a shift in receptor preference {3], which
conceivably could make the virus prone to infect a
wider range of cells in the lower respiratory tract [4,5].
However, the effect of a mutation depends on the
molecular context and it is unclear whether the bind-
ing properties are affected likewise in the present pan-
demic virus as they were in the 1418 influenza virus,

Our observations are consistent with an epidemiologi-
cal pattern where the D222G substitution is absent
or infrequent in circutating viruses, with the muta-
tion arising sporadically in single cases where it may
have contributed to severity of infection. This may aid
in filling some knowledge gaps identified in a recent
preliminary review of this and other mutations in the
pandemic virus [6], The carrelation between presence
of the D222G substitution and a severe clinical out-
come may reflect an increase in pathogenicity caused
by the mutation, possibly related to a change in cel-
lular tropism rendering the virus more pneumotropic.
Conversely, it is possible that the likelihood of such
mutations arising is higher in patients who fail to fight
off the virus rapidly and have virus already colonis-
ing the lower respiratory tract. These two possibili-
ties are nat mutually exclusive. A large proportion of
the fatal and severe cases had underlying risk condi-
tions. However, some of the D222G cases manifested
themselves as a rapid unexpected deterioration after
a period of mild symptoms in previously heatthy sub-
jects, and we consider it likely that there is a causal
relationship between the occurrence of the D222G
mutation in this virus and severe disease.

It should be borne in mind, however, that the majority
of severe and fatal cases investigated did not carry the
D222G substitution and, clearly, this mutation is not
required for a severe outcome. ,

Conclusions

To our knowledge, this is the first identification of a
change in the pandemic virus that correlates with a
severe clinicat outcome. However, whereas our data
lend statistically significant support to an association
between the D222G mutation and severity, the number

Pandemic influenza A(F[IN1) viruses characterised for amino acid position 222 of the haemagglutinin HA1 domain, by
clinical outcome, Norway, May 2009-January 2010 (n=266) ’

i o . Clinicat outcome® . i i :
HAz position zzzgenotypgﬁ‘_ '(nl:;lgs) S 2 z:;:’s : :('::‘:;)‘ i Se_ve;ep ! .r).fatal‘ L ‘(\'I.l:?::) o
2220 (wh) 92% (189) 82% (28) 59% (16) 72% (44) 88% (233)
2226 0% (0) 8.8% (3) 30% (8) 18% (11) 4.1% (11)
222€ 7.3% (15) 2.9% (1) 7.4% (2) 4.9% (3) 6.8% (18)
222N . 0.5% (1) 5:9% (2) 3.7% (1) 49%(3) * 1.5% (4)
Total . 100% 100% 100 % 100 % 100 %

" Clinicat outcome based on patient information, assigned into categories by a medical specialist according to WHO guidance criteria {1].
® Percentage of genotype within each clinical category is given, with number of cases per'categery in parentheses.
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of mild cases would need to be larger to determine
whether mutant viruses are indeed circulating at a
very low frequency also in non-severe cases. Provided
that D222G mutant viruses are not circulating, i.e.
that they are less transmissible, the immediate public
health impact of this finding is limited. However, it may
have implications for the management of severe cases
where the virus, if transmitted through massive expo-
sure, may be more virulent than the commanly circu-
lating variant. Furthermore, it may serve as a reminder
that the generally very low virulence of the current pan-
demic virus is not a fixed characteristic, and that there
is no reason for complacency in carrying out measures
that limit infection with this virus at individual and
population level.

Further virological, clinicat and epidemiological inves-
tigations are needed to ascertain the role of this and
other mutations that may alter the virulence and trans-
missibility of the pandemic influenza A(HiN1) virus.
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Abstract The highly pathogenic avian influenza HSN|
viruses usually cause severe diseases and high montality in

* infected humans. However, the tissue tropism and under-
lying pathogenesis of HSN1 virus infection in humans have
not been clearly elucidated yet. In this study, an autopsy
was conducted to better understand H5N1 virus distribu-
tions in tissues of infected humans, and whether HSN1
virus can replicate in extrapulmonary tissues, We found
that the lungs had the higher viral load than the spleen,
whereas no detectable viruses in tissues of heart, liver,
kidney, large intestine, small intestine, or brain. Specifi-
cally, the viral load was higher in the left lung (7.1 logl0
copies per ml) in relation to the right lung (5.7 log10 copies
per ml), resulting in more severe pathological damage in
the left lung, and Jung tissues contained both positive- and
negative-stranded viral RNA, However, there existed a low
level of H3NT viruses in the spleen (3.8 logl1Q copies per
ml), with the absence of positive-stranded viral RNA. Our
results indicate that replication of H5N1 viruses mainly
occurs in the lungs, and the degree of lung damage is
highly correlated with the viral Joad in the lungs. The iow-
load viruses in the spleen might be introduced through
blood circulation or other ways.

Keywords Influenza virus - HSN] - Replication -
Viral load - Tissue distribution
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Introduction

The highly pathogenic avian influenza HSN1 viruses could
replicate systemically in a variety. of organs in poultry,
such as respiratory tract, intestine, and spleen, affecting
these organs, even the central nervous system [1—4]. HSN1
viruses could also cause disseminated infections in either
naturally or experimentally infected mammalian species,
i.e., tiger, leopard, and ferret [5-10). However, evidence
for extrapulmonary replication of HSN1 viruses in humans,
in general, has been lacking at present. Some studies had
found H5N1 viruses exclusively in respiratory tract (mainly
in fung) {11, 12]. Other studies had found the presence of
HSN1 viruses in many extrapulmonary organs, such as
intestine, liver, and brain, which indicated that virus dis-
semination seems to occur in some humans through blood
circulation or other ways [13=17]. In March 2006, the first
case of avian influenza HSN1 virus infection was identified
in Guangdong province of China. An autopsy was then
conducted to detect the virus distribution and load, which,
we hoped, would provide some insights into HSN1 infec-
tion and replication in both pulmonary and extrapulmonary
organs.

Materials and methods
Patient and virologic diagnosis

A thirty-six-year-old male patient, who had a 4-day history
of discomfort of fever, throat pain, and dry cough, was
admitted to hospital on February 26, 2006. A chest radio-
graph obtained on admission showed evidence of left lower
pneumonia. His. condition was rapidly deteriorated, fea-
tured by consecutive high body temperature and

Virus Genes (2009) 39:76-80
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dysfunctions of multiple systems, including respiratory
system, circulatory system, central nervous system, liver,
kidney, and gastrointestinal system. Chest radiograph
revealed a massive consolidation shadow in both lungs on
February 28, which, however, was much more severe in the
left lung. Despite active treatment, the patient finally died
from adult respiratory distress syndrome (ARDS) compli-
cated with multiple organ failure (MOF) on March 2. None
of the anti-influenza drugs, such as oseltamivir or aman-
tadine, were used in the treatment.

This patient had been to the market where live chickens
were slaughtered for sale 1 week prior to onset of symp-
tomss, so the patient’s tracheal aspirates were detected for
HSNI viral RNA using H5N1 real-time RT-PCR Kit (PG
Biotech, China) on March 1. The full-length gene segments
of hemagglutinin (HA) and neuraminidase (NA) were
amplified by using one-step RT-PCR Kijt (Qiagen, Ger-
many) with the specific primer pairs (HA-F S-AGCAAA
AGCAGGGGTTCAAT-¥, HA-R 5'-AGTAGAAACAAG
GGTGTTTT-3": NA-F 5-AGCAAAAGCAGGAGTTCAA
A-3, NA-R 5'-AGTAGAAACAAGGAGTTTTTTT-3’),
the reaction was subjected to a pre-cycle condition con-
sisting of 30 min at 50°C(for reverse transcription), 15 min
at 95°C followed by 25 circles of amplification. Each
cycles consisted of 94°C for 30 s, 50°C for 30 s, and 72°C
for 1 min 45s. The amplification ended with a final
extension at 72°C for 10 min. The PCR products were
purified - and cIoncd into the pGEM-T wvector (Promega,
USA). The positive clones were sequenced with T7 and
SP6 primers by a 3730 automated DNA sequencer (ABI,
USA).

Analysis of viral load and replication in autopsy
specimens '

On March 4, 2006, an autopsy was carried out in Zhong-
shan School of Medicine, Sun Yat-sen University. Tissues
of the left lung, right lung, brain, heart, spleen, liver, kid-
ney, large intestine, and small intestine were obtained,
respectively. Some specimens. were used for pathological
analysis, and the remaining was stored at —=80°C in small
pieces for future study.

The obtained tissues were minced on jce with presence
of culture medium, which were then centrifuged at the
speed of 1,500 rpm for 1S min at 4°C. Supernatant was
collected and added into lysis buffer of QlAamp Viral
RNA Kit (Qiagen, Germany). RNA was then extracted

. according to the manufacturer protocol. Viral RNA was

detected using H5N| real-time RT-PCR Kit (PG Biotech,
China) on ABI 7000 Real-Time PCR System (ABI, USA).
Standard curve was used in the quantitative analysis of
HSNI1 RNA isolated from the autopsy tissues. In our study,
the preparation of reagents, nucleic acids extraction, and

nucleic acid amplification were performed in three physi-
cally separated laboratories.

To analyse viral replication in autopsy tissues, strand-
specific RT-PCR was performed with HS specific primer
pairs HSF (5-GCCATTCCACAACATACACCC-3', 943—
963) and HSR (5'-CTCCCCTGCTCATTGCTATG-3,
1158-1139). Briefly, two-step reactions were used. First,
RT reaction was done in the presence of the primer HSF or
H5R. cDNA products then underwent PCR with HSF and
HSR. The amplified fragment was about 216 bp and
detected by agarose gel electrophoresis,

Results

Real-time RT-PCR had revealed HSN1 viral RNA in the
patient’s tracheal aspirates. HA and NA gene sequences
amplified were the most related to those of avian influenza
HS5NI viruses, Duck/Guangxi/S165/0S and Duck/Hunan/
1265/05 - (99.5 and 99.1% homologous, respectively),
Therefore the patient was. identified as avian influenza
H5NI virus infected.

Real-time RT-PCR had detected HSN1 viral RNA in the
lungs and spleen, whereas there was no detectable viral
RNA in tissues of heart, liver, kidney, large intestine, small
intestine, or brain. Specifically, the viral load was higher in
the left lung (7.1 logl0 copies per ml) in relation to the
right lung (5.7 logl0 copies per ml); and there existed a
lower level of HSNI viruses in the spleen (3.8 log10 copies
per ml) (Fig. 1). To confirm a successful HSN1 viral RNA
isolation from the autopsy tissues, GAPDH mRNA
amplified using RT-PCR served as the internal reference in
our study (data not shown). At the same time negative
controls did not produce HS genes, which suggests there is
1o cross contamination in RT-PCR amplification,

To further elucidate whether HSN1 -viral RNA in the
lungs and spieen was HSN1 genome RNA, or alternatively,
was replicated by HSNI viruses, we performed strand-
specific RT-PCR amplification. Our results indicated that
negative- and positive-stranded RNA were detectable in
both the left and the right lung, but there was only nega-
tive-stranded RNA in the spleen (Fig. 2). An independent
duplication RT-PCR was performed under the same con-
dition to confirm the result.

Discussion

In our study, a high viral load was detected only in the
lungs in which both positive- and negative-stranded RNA
coexisted, which was consistent with previous findings that
replication of HSN1. viruses mainly occurs in the lungs of
humans and mammals [18-20]. In line with the finding that
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Fig. 1 Interpretation of HSNI
influenza viral RNA in autopsy
tissues by single real-time RT-
PCR. Different load of HSN1
influenza viral RNA existed in
the left tung, right lung, and
spleen
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Fig. 2 Detection of positive- and negative-stranded viral RNA in the
lungs and spleen by strand-specific RT-PCR. M DNA m:u'k..—
Negative-swranded RNA, + Positive-stranded RNA, Neg Negative
control

the viral load was higher in the left tung in relation to the
right lung, a chest radiograph obtained on admission
showed evidence of left lower prneumonia, and histopa-
thological analysis of the autopsy specimens had also
suggested more severe pathological damage of the left
lung, featured by more severe alveolar damage and diffuse
exudation [21]). These results had demonstrated that the
viral load in.the lungs was related to the degree of lung
damage. However, whether the observed damage was a
direct resuft of the viral replication or a consequence of the
dysfunction of cytokines and chemokines induced by these
high-load viruses were still unclear.

Previous studies had shown that avian influenza H5NI
viruses could also target immune organs, in addition to the
Jung (22, 23]. In our study, a low viral Joad was detected in
the spleen, but with absence of positive-stranded H5NI
viral RNA, Influenza viruses contain negative-stranded
RNA, and they first replicate positive-strand RNA, which

- served as mRNA and the template for genome replication
of progeny virus. In our study no positive-stranded viral
RNA was detected, which suggested that the HSNI virus
did not replicate in the spleen, or that only little replication

&) Springer
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occurred {24]. The HSN1 viruses of low Joad in the spleen
might be introduced through blood circulation or other
ways. ‘

When compared with that of the human- or swine-
derived influenza viruses, NA activity of the avian influ-
enza viruses is more resistant to the low pH environment in
the upper digestive tract [23, 2G]. Accordingly, the highly
pathogenic avian influenza HSN1 viruses can replicate in
human intestine, resulting in gastrointestinal symptoms, so
that HSN1 viruses were detected in the intestine of infected
humans [24, 27, 28]. Clinical data had suggested that the
patient presented gastrointestinal symptoms in early stages
of disease progression, which finally developed into gas-
trointestinal dysfunctions. But viral RNA was detected
neither in large intestine nor small intestine in our study.
Some literature suggested that antiviral drugs can lower the
level of viral replication and interfere with the detection of
viruses in the examined tissues {24, 29], However, none of
the anti-influenza drugs, such as oseltamivir or amantadine,
were used in the treatment.

The HA cleavage site of highly pathogenic HSNI
viruses contains multiple basic amino acids, which could
be hydrolyzed by a broader range of cellular proteases, so
that the tissue tropism for HSN1 viruses is not restricted to
the lungs, but extends to other organs, including the brain
[34), 31). A boy confirmed as HSN1 infected presented with
severe diarrhea and acute encephalitis symptoms, and
HSN1 virus was isolated from patient’s throat, serum,
feces, and the cerebrospinal fluid [32]. In addition to lung
tissues, some studies had detected both positive- and neg-
ative-stranded RNA in Jarge intestine, small intestine, and
liver, suggesting the possibility of viral replication in the
intestines and liver [15, 24]. Furthermore, viral gene
sequences and antigen were detectable in neurons of the
brain, T cells of the lymiph node, and:Rofbauer cells of the
placenta, which was indicative of. viral replication in
extrapulmonary tissues {29]. The HSNI virus obtained
from the patient has multiple basic amino acids at the HA'
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cleavage site, which has molecular characteristics of the
highly pathogenic avian influenza viruses [33). The viral
RNA was detectable in the patient’s lung and spleen in our
study. These findings suggested that HSN1 viruses might
be transmitted to extrapulmonary tissues, causing dissem-
inate infection. However, viral distribution and replication
vary to a certain extent from individual to individual,
which might be explained by tissue tropism differences of
viral strains, or that viral distribution might differ in dif-
ferent stages of disease progression, or that different indi-
viduals reacted differently to HSN1 viruses.

The autopsy tissues of HSNI infected cases can often
not be obtained due to various reasons (e.g. religion), so
reports concerning the tissue tropism and distribution of
HSNI viruses are lacking. We studied HSN1 viral load and
replication in autopsy tissues, and the relationship between
the vira! load and tissbe damage, which had significant
implication for the further investigation of the tissue tro-
pism and pathogenesis of HSN1 viruses.
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Einleitung

Bei Nachkommen von britischea BSE-Kithen wurde neu-
rohistologisch signifikant hivfiger BSE diagnostiziert als
bei Nacbkommen von Kahen, die nicht an BSE erkrankt
waren (SEAC, 1996). Das Risiko eines BSE-Nachkom-
means, selbst an BSE zu erkranken, wurde vora britischen
Ministry of Agriculture, Fisheries and Food (MAFF) auf
2. 10% geschitzt, und es wurde proldamiert, dass eine
Obertragung von BSE von der erkrankien Mutter auf das
Kalb nicht u:mmnunza&nz werden kana (Masood, 1996),
Diese Untersuchungen veranl die schweizerischen

Die Blutplasmaproben von diesen Tieren wacen im Jahr
2006 speziell fur diese Untersuchung gewonnen worden
BSE war in diesern Gebiet in den Jahren 2001 bis 2006 bei
keinern cinzigen Tier nachgewiesen worden.

Untersuchung der Blutproben auf pyp's

Die Blutproben wurden mit dem Ante Mortem .BSE-
Test untersucht. Das Testpeinzip beruht darauf, dass in
cinem ersten Schritt dic Prion Proteine Pre€ und Prp«
an cin Ligenden-gekoppeltes Harz (Franscini et al2006)

- Behorden im fahr 1996, alle Nachkommen von BSE-Ka-

hen Kinisch untersachen, euthanasieren und danach auf
BSE abldiren zu lassen. Bei keinem Tier wurden damals
Hinweise for eine BSE-Infektion gefunden (Braun et al,

1998; Fatzer ct al, 1998). In der seither vergangenen Zeit
haben sich. viele Forschergruppen mit der Entwicklung
eines Bluttests zum Nachuveis von amvﬂgum—wr Einer
dieser Gruppen ist es gelungen, einen Test zum Nach-

" weis von Protease resistentem Prion Protein (PrP~) in

Kerpedflissigkeiten zu entwickeln “(Firma Alicon, un-
versffentlicht). In der vorliegenden Arbeit wurde ein in
der Validierung befindlicher Prototyp des ante mortem
Testverfahrens zum Nachweis von BSE ei Das

bunden werden, welches die Prion Proteine mit hoher
>5==._: und Spezifitdl bindet, In einem zweiten Schritt
wird PrP= nach Behandlung der Probe mit Proteinase X,
wie beschrieben {McKinley 1983) im Westernblot nach-
gewiesen. Das normale Prion Protein, Pof<, ist Protease-
sensitiv und wird daher im “Test nicht nachgewiesen. Ob
es sich bei dem nachgewiesenen Protein tatsichlich um
infektitses Prion Protein (PrP=) handelt, muss im Tier-
axperiment noch bestitigt werden,

Zeitdifferenz von der Geburt dev BSE-Nachkem-
men zuy BSE-Erkrankung der Mutter

3

Ziel der vorliegenden Arbeit war s, mit Hilfe des neven
Testverfahrens zu untersuchen, ob im Blut von schwvel-
zevischen BSE-Nachkommen Protease-resistentes Prion
Protein {PrP™) vorkommt und ob sich die Hiufigkeit des
Vorkommens von derjenigen elner gesunden Kontrollpo-
pulation aus dem Jahr 2006 unterscheldet.

Tiere, Material und Methoden

Tieve

Blutproben von 2 Tiergruppen (A und B) wurden auf das
Vorhandensein von Protease resistentem Prion Protein
(PrP<} im Blut untersucht Die Gruppe A bestand aus
181 Nachkommen von an BSE erkrankten Kohen. Die
Nachkommen dieser KOhe waren im Winter 1996/97 auf
Anordnung des schweizerischen Bundesrats an der 57
nik fir Wiederkfiver ht und danach euth t
worden (Braun £t al., 1998), Bei den MGttern dieser Tiere
konnte BSE in allen Pallen histologisch und immunhisto-
chemisch nachgewiesen werden. Bei den 181 Nachkom-
men dieser Tiere war BSE postmortal weder bej des ney- ~
rohistologischen noch bei der immunhistochemischen
Untetsuchung gefunden warden (Patzer et al., 1998), Far
den Nachweis von Protesse-resistentem Prion Protein
stand von jedem Nachk efne Blutpl be
zur Verfligung, die seit 1996/97 bei -80 °C wnrwnz wor-
den war. Die Gruppe B bestand aus 240 gesunden Rin-
dern der Schweizer Braunviehrasse im Alter von 1 bis 9
Jahren aus dem Vorderrheintal des Kantons Graubtinden.

Um abzukl ob zwischen der Zeitdifferenz von der
Geburt des Nachkommens bis vur Erkrankung der Mut-
ter an BSE eine Bezichung in Bezug auf dén Nachweis von
Pri® beim Nachkommen besteht, wurde diesé Zeitdauer
fac jeden Nachkommen errechnet,

m»ﬂzmn?

Die statistische >c«=..2.d=w der Haufigkeiten nln_wnn it
dem Programm StatView 5.0 (SAS Institut, 8602 Wangen,
Schweiz),

Ergebnisse

Nachweis von Pyp

Bei 29 (16.19%) der 18] untersuchten BSE-Nachkommen
wurde im Blutplasma PrP*= nachgewiesen, 152 Tiere wa-
ren im Test negativ. In der'Kontrollgruppe wurden 10 von
240 Tieren (4.2%) positiv auf PrP'= getestet (Differenz P
<0.05).

Zeitdifferenz von der Geburt der BSE-Nachkom-
men zum Diagnosedatum BSE beim 3:22:2

41 Nachkorhmen waren ein Jahr, 79 Nachkommen zwei
Jahre, 41 Nachkommen drei Jahre und 20 Nachkommen
4 oder mehr Jahre vor der BSE-Diagnose beim Mutter-
tier geboren worden. Nachkommen, die innerhalb eines
Jahres vor der Erkmakung. des Multertieres geboren
worden waren, wiesen imy Blut signifikant hiufiger PrP=
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* o Positlv ~ m Negativ

Prozent Tiare

q
Zeilditerenz {ln Jatwon}

Abbildung 1 Hiufigkeitsverteilung der zeitlichen Abstinde
von der Geburt der BSE-Nachkommen bis zug Erkrankung
der Muttertiere an BSE bei Rindetn mit positivemn und nega-
tivem Nachwtis von PrP= im Blot (*Diflerenz zwischen den
2 Gruppen zum Zeitpunkt 1 P < 0.05).

auf als Tiere, bei denea der zeitliche Abstand von der Ge-
burt bis zur Erkrankung mehr als ein Jahr betragen hatte
(P < 0.05, Mann-Whitney-U-Test, Abb, 1).

Diskussion

Bei 16.1 % der schweizerischen BSE-Nachkommen koon-
te im Blut PrP= nachgewicsen werden, obschon diese
Tiere neurchistologisth und immunhistochemisch BSE-
negativ waren, Im Vergleich dazu wurde PeP nur bei
42% der gesunden Kontrollpopulation aus dem Jahr
2006 gefunden, Unsere Befunde sind shnlich wie dieje-
nigen der britischen Kobortenstudie. Bei dieser Studie
zeigten 14% von 301 BSE-Nachkommen die fir BSE
charakteristischen neurohistologischen Befunde (SEAC,
1997). Die Ergebnisse kinnen verschieden interpretiest
werden, Finerseits ist es radglich, dass bei den BSE-Nach-
kommen deshalb mehr positive Falle eatdeckt wurden als
bei den Kontrolltieren, weil die Nachkommen von ihren
an BSE erkrankten Mottern infiziert wurden, Anderer-
seits kann die niedrigere Hiufigheit be den Kontrolltie-
ren mit dem stacken Absinken der BSB-Hinfigkeit in der
Schweiz erklirt werden, Die Tatsache, dass nur 16.1 % der
BSE-Nachkommen PrP™ pasitiv reagiert haben, zeigt,
dass der maternalen Ubertragung von BSE nor eine Ne-
benrolle bef der Verbreitung der BSE rokommt. Biir die
Bekampfung der BSE ist es aber wichtig, dass auch dieser

sucht wurden, das heisst zu cinem Zeitpunkt, wo es nur in
seltensten Failen zur BSE-Erdaankung gekommen ist. Im
Gegensatz dazu wurden'die britischen Tiere erst im Alter
von 7 Jahren neurohistologisch untersucht. Die im Blut
positive Reaktlon bel gleichzeitig negativen neutohisto-
Jogischem Befund weist darauf hin, dass die Infektion im
Blut nachweisbar ist, bevor es zur Ausbildung neurohis-
tologischer Veriinderungen kornrat.

Bei den BSE-Nachkommen mit einem einjahrigen Zeit-
abstand wischen ihrer Geburt und der BSE-Erkranking
der Mutter wurde signifikant haufiger PrP~ detekliert
als bei den Tieren mit lingerem Zeitabstand. Dié Be-
funde decken sich mit den Befonden der MAFE-Studie,
in welcher fir den gleichen Zeitabstand cbenfalls eine
signifikante Hiufung der neurchistologisch positiveriEr-
gebnissé festgestelt wurde (Donnelly ct al, 1997). Eine
mégliche Brilirung fiir die Befande liegt darin, dass PrP%
gegen Ende der Inkubationszeit ausser im Nervengewebe
auch vermehzt im Blut vorkommt und iber den Blutweg
den Fetus transplazentar infizicrt {Aguzzi, 2006). Die ma-
ternale Transmission ciner TSE kopnte allerdings bisher
erst bel Scrapie nachgewiesen weeden, als in den plazen-
tiren Kotyledonen von priklinisch und klinisch kranken
Scrapie-Schafen PP gefunden ‘wurde (Andreoletti et
al,, 2002). Die maternale Ubertragung von BSE bei ciner
Antilope (Aldhous, 1990} und die BSE-Etkrankung ciner
Kubh, bei deren Mutter cbenfalls BSE disgnostiziert wor-
den war, liessen allerdings den Verdacht autkommen, dass
cine maternale Transmission auch bei mit BSE infizierten
Rindern vorkommen konnte (Aldhous, 1991).
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Examens de descendants d’animaux BSE
quant i1a présence de protéines prioniques
protéases résistantes (Prp') dans Je sang

Le but du présent travail était d'étudicr si les protéi-
nes prioniques protease résistantes (PrP*) &ajent
présentes dans le sang de descendants d'animaux BSE
(grovpe A) et de voir si a fréquence de celte présence
€tait différente de celle constatde dans une population
de contréle en 2006 (groupe B). Le groupe A se com-
posait de 181 descendents de vaches atteintes de BSE,
le groupe B de 240 bovins d’une région dans laquelle
de 2001 2 2006 sucwn cas de BSE n'avait été diagnos-
tiqué. Les échantillons ont été testés avec Alicon Prio
Trap ® pour mettre en évidence la protéine prionique
protéase résistante (PrP=). Afin de savoir 'f] y avait
une relation entre lintervalle de temps séparant la
naissance du veau de Ja maladie dela mire par rapport
4 la mise en &vidence de PrPr chez le veay, cette durée
a €é calculée pour chaque animal Chez 29 (16.1%)
des 181 descendants BSE, la PrP™3 ét¢ trouvée dans
le plasma, 152 animaux étaient négatifs. Les animaux
qui étaient néy dans Pannée précédant l'apparition des
i symptémes clinjqués chez leur mére avajent de fagon
significative plus-souvent la' PrP*= dans le sang que les
animaux-chez lesquels Tinitervalle entre h naissance
et ]la meladie dépassait une année (P < 0.05). Dans'le
groupe de contedle, 10 des 240 animaux (4.2%) ont
€1€ positifs au PrP. Ces examens montrent que Ja
protéine prionique protéase résistante ptut étre mise
en évidence chez les bovins dans Je sang et qu'elle est
plus souvent présente chea les descendants d’animaux
BSE que dans une population de controle saine.

Esame sanguigno della proteina prionica vesi-
stente alle proteasi (PrP™) nella discendenza
da mucche affeits da BSE

Scopo del seguente studio & di esaminare se, nel san-
gue dells discendenza da BSE svizzera (gruppo A), era
presenta la proteina prionica resistente alle proteasi
(PrP=) e se i distingueva, nella sua frequents, dalla
pepolazione di controllo sana’ del 2006. 1 gruppo A
era composto da 181 discendenti di mucche malate di
BSE, il gruppo B cra formato da 240 bovini sani pro-
venienti da una regione nella quale dal 2001 al 2006
non sono stati diagnosticati casi di-BSE, Le prove di
sangue sono state analizzate con un test BSE (Alicon
PrioTrap®) per 12 ricerca della proteina prionica resi-
stente alle proteasi. Per chiarire s nel lusso di tempo
tralz nescita-della disczndenza alls malattia (BSE) del-

la madre ¢ sia un rapporto in:relazione alla presenza
di PrP= nella discendenza, questa durata temporale &

stats calcolata per ogni discendénte, In 29 (16.1 %) dei
181 discendent] de BSE & stato rilevato nel plasma san-

guigno fa presenza di PeP, mehtre 152 animali sono

risultati negativi. I discendent] nati nell'srco di un

#ano dallapparizione dei sintomi dinidi della madre

mjostravano nel sangue uia frequenza pi significativa

di PrPr.che gli aniraali nei quali Hasso di tempo dalla

nasdita fing alls malattia della madre era maggiore Hi -
un anno {P < 0.05). Nel gruppe di controllo 10 dei

240 animali (4.2%) sono risultati positivi al test. GIi

esami hanno rilevato che, si pubd ritrovare nel bovind,

la protrina prionica resistente alle proteast (PrP=) &

che la discendenza da mucche con BSE appare piit di

frequeate che negli animali provenienti da uoa papo-

lazione di contrallo sana, :

INFZOUY-00Q7-

Protease-resistant prion protein (PxrPres) in the blosd of offspring of cows that
developed BSE

Tz -

EEIZEVTIE, BSE R Lf:f&'?“/b\%itihf:f?'?“ﬂi\ BSE IcBE LT
WEYYDLETNIATY L LB LT, EE%EMIC BSE EBEND EREEI
BNETDT =S B/ONTVS (KEGRRESEERS SEAC, 1996), #E&E
REME (MAFF) 13, BSE DY U265 SEAED 05 BSE I BE+5 ) 2 24
10%& RBGO > T D . BSE I0BB LB Y 22 bIF & &~ BSE IR © fo1s
EDRBE L STV E (Masood, 1996), = 5 u‘:f:—& EHEE R T, 1996 Fir X4 Y
i, BSE OB UM LA E R+~ THFEY S0 U CERBRAT AR % I L, 20380
&, FD%IZ BSE DEEIZDWNTRER Tz, T DRER, BSE R OME S T (7
VU IO ERT A I LR TE s 72 (Braun et al., 1998; Fatzer ot al., 1998), %
DEESBIEEDE T, 8 < OFRS L—74% BSE RO MR OBRIZ T Y @
ATER ADSLOBBHES N—T VL, S0P TGS ) A (Prpre)
ERET SR HEOMRBICHI L (Alicon 4. KA. AREOERIEL
U oD BSE ECHRAIED, RSATIRAY F—ia L 0B 5D P b s g
A Lk, EIFFEIE, A4 20D BSE ItREs Lf:f?*‘/b)%éihf:ﬁ’-'??@lﬁli&*?ﬁ
LTRTFT VBT Y 4 LB E (Prpre) DRRHENDINE I d, i, fHBEL L
TD 2006 FHRICBITSEE Y S & b LT, EOBREFITERENZNE S 2rieo
WU, ZOBREE AR L TRE B - & EEME LTEBLE,

B, B, Ak

BH :

2B (ABEE B P DRI L MR ERRIT, MED» S 7077 i
RETVFVRE (PrP) BRSNS DEMED O TRIEL %06 L, BSE 1ML
TEYUNLEENIFYS 181 EE AREE Lk, THSDIF YT 1996 Ep e 1997
FZDH TORERI, =4 AEAFBROGRERY T, KBBRRICCRES £
Ltk REFEE (Braun et al., 1998), INODFUL D/ YL, BEREDR
SRR R ORI L+~ T2 BSE BETH T, THIH LT, 181 EOEY
VICHT DRBRETIL, MBREOBIC b BB LS RE D HT<TH BSE &
HETHo7 (Fatzer et al, 1998), 7o 5 7—PiEHi 7y FUEE (PrPres) ORZEH
LT, TRTOFTUh L mMBBEL SR L. 1996 ED D 1997 T hiT T OLER Y
Bl ~80CORETREL TR, 75 VEarTUMDT + AT 4 v 5oty
FENI, 8 1~ RO X 4 1B 4 ZA0MEBHL Lz, BEOTIH 5,
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2006 FIZAB R OO I BN BB AR R L, 2001 55 2006 EORIRDI,
L OB SR TV ey LT BSF ICRB Ly — R B ETH T,

IEBRIKICHT 5 PrPres O

BRI H LT 0Fifo> BSE BERTRELER L, ZOREEOERIISONT
B4 B> TRBATH L, B—BREL LTIXT Y AL EA PrPC & PrPres 2 U 7 FEEL
BifE (Franscini et al., 2006) RS &ED, I0UH L FEELLISIT. 5Bk
FUBREOL LTV FVEEALEETS, BIREL LTI, XRCEROFE

(McKinley 1983) IZHHL LT, BREIHM LT T4 F— ¥ K LBEF o2 %IT. U

AZrTay MEILE T PrPes BT 3, EE7 YA LES PrPCI7usr 7 —FIc
@&ﬁ%%?O?\ﬁﬁéhél&ﬁ&wo@&éhtﬁ&ﬁ%%u@%ﬁ®79¢7§
B (PrPS) THHENEINITONTIE, BMERYEE L TRIETALERSH S,

B2 0O BSE #fiE & BES (F0 L4 & DML E

FUUREENTHORY L% BSE »RETHE TORMMES &, F0 L ickT
PrPres BIRHENDREDPEREZED DI, TRTOFTUITHNT, FROBENE
SOMEREEIT 7=, .

et
EHDOFFFEIL, Programm StatView 5.0 (SAS Institut, 8602 Wangen, A )
ZRBLTEBLE,

#E
PrPres MR H

BSE DB Y UMD LAEENTAFY L 181 AT 297 (16.1%) DMiEik4d & PrPres 53k
HEh, HODO 2 FLEETH o7, SHRET PrPres BEOREL R LD, 240
T 10 (4.2%) Thot (fEREp>0.05),

FoLRENSHHIUNBSE EBHENAETORBMNES

BN BSE LEMENHAEREEL LSS, FU02E018] D05 b 41 5

2SR, 79 BRAS 2 4RAT, 41 EAD 3ERT. BU D 20 BA 4 EE AT RUBICAER
TV, BYYH BSE EBMEND 1 EFUMICESNTORFY & TR, ZALSD
BERICAEENIF Y L LB LT, i b PrPres BRI AN A ERHT B Eh o7
<0.05, Mann-Whitney U %, & 1),

E52

AAAD BSE KRB LERY &b LR Y L OMEREND 161%0HAT
PrPres g E NI, 277 L. ZhbniFy VT SRR TR BRI
@Eﬁ%uwfanSE@&f&otg:nuﬁbr\ﬂ%ﬁkbrwzmeﬁﬁﬁtﬁ
FHIEE V0 PrPres OBEHEY 4.2%BEICT R do o BEEOZORRIIKETE
i ai— MRROBRLEUL T e, BED 25— FFEORICIL. BSE ICRE
Ltﬂﬁvmaiintﬁﬁvmlﬁmi%wM%ﬁ\MEK%@%&@&&%#%%
RERU (REVFSIRMERMZEES SEAC, 1997), TR LDFEERIZ T,
B RERBTETHS ), £OVL 2L, BSERBALERY U oAy oT
. BSE OF 0255 BSE IS LT LE » 72 ihic, $HEREE i LT BSE OBitx
ﬁ%<&ot@?d&w#&?6%iﬁﬁ%%g%ﬁﬁm‘ﬁ%ﬁkﬁwTB$3%ﬁ$
ﬂm&oﬁmot@m\z4xn5ﬁ5@§uﬁm3&a%ﬁ%meﬁ%fa:tﬁ?%
éﬁ65ait\%E@ﬂ&v#%&ihtﬁ??ﬁﬁwTPWM%ﬁﬁﬁ1m%ﬁ§
tf%amotiimauﬁmE@&%mﬁu&orgwE@@@@%@@&%&ﬁ%
Lmﬁt&w&%iél&ﬁ?%éﬁéioLbL\B$E&®%wKBwTﬁ\B$H:
%%Lt&ﬁvm6$§htWWVEﬁ%ﬁ?6:kKioT\:5Lt@%&%%%o
@%X@ﬁ:&?%%io::Tﬁ%&&éwm\%ET%%éhtﬁ%Q%KmM%w
ﬁ&vmﬁwfwﬁﬁﬁﬁﬁﬁ%ﬁ%@T%otﬁ\$W%@%Km@&ﬁﬁﬁﬁﬁ%ﬁ
%@@HWVﬁW&%%T%otmkwiﬁﬁﬁéo:5Ltﬁ§ﬁ&@i5kﬁ%?%
DL D, HEEDFROR, BHS2 b CREDEMEFOF 1 L ORI 3.140.8 BC
&D\:hﬁB$§$&th8%ﬁ?5:&@&wiﬁ?%én:nK%LT\§@T%
méntm%@%m7%@¢vuﬁLT@ﬁﬁ%&§ﬁ%ménto&t#ﬁﬁ&&ﬁﬁ
%ﬂ@ﬁf&otﬁ%hﬂb%f\mﬁ@oPWMﬁ%ﬁ&wiﬁ%%%bt:&m\%
&ﬁ@#%%ﬁﬁﬁ%énéﬁn\mﬁ&%%%MT@%®€%%%%T6:&ﬁW%&,
ZEERLTVS, ' o

BUUMNBSE 28 ahs 1 FERLUMIAEZTRTVIEY T, FHES OB
EENTAF T LEBL T, MK H 5 PrPres PREENDRBFBICE D272, =
PRI MAFF (RERREREEIEDORFE L —ELTW5, 72K L, MAFF B0
b, RIU LEMUAICEE LTV {TY YTHIGE, WRABREREOBEENY
BiZ®<7z-72 (Donnelly et al., 1997), = D LIBTRICR L TIE, PrPres i3l D
b ZAimna ke, MERBLUMC DR IZ LB < BETDL 51000, mITRN oS
TR THBFIIBITTS THETHRRRBEENS LA (Aguzzi, 2006), Lo L, {552
ﬁ@ﬁﬁ%ﬁ(EE)@EE@%ﬁﬁ%énTwéwu\ﬁ%ﬁfﬁz&V4E~m@6
WD, DED | SEFREE IURRIER 2 LA U b Y SORAE R b 1t PrPSe i
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