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Human parvovirus 4 (PARV4) is present in blood and blood products. As the pres-
ence and levels of PARV4 in Chinese source plasma pools have never been deter-

mined, we implemented real-time guantitative PCR to investigate the presence of
PARV4 in source plasma pools in China. Results showed that 26-15% (51/195) of
lots tested positive for PARV4. The amounts of DNA ranged from 2:83 x 10° cop-
ies/ml to 2:35x107 copies/ml plasma. The high level of PARV4 in plasma pools
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may pose a potential risk to recipients. Further studies on the pathogenesis of
PARV4 are urgently required.

Key words: human parvovirus 4, real-time quantitative PCR, source plasma pools.

Introduction

Parvoviruses are small, non-enveloped viruses, with a
single-stranded DNA genome. So far, at least four parvovi-
ruses are known to infect human beings, including
adeno-associated virus (AAV), human parvovirus B19
(B19V), parvovirus 4 (PARV4) and human bocavirus
(HBoV) [1]. Among these four parvoviruses, B19V is known
to be a significant risk to the viral safety of blood and blood
products [2, 3]. In 2005, PARV4 was originally identified in
the plasma sample from a patient presenting with multiple
symptoms of acute viral infections [4], although it was not
known whether this was due to the viral infection itself or
to be co-incidental. Three PARV4 genotypes have now been
identified. Similar to B19V, PARV4 has also been demon-
strated 1o be a contaminant of plasma pools used for manu-
facturing blood products [5]. In an extensive analysis of
manufacturing plasma pools from Eurcpe and North Amer-
ica, PARV4 was detected in 4% {14/351) of recently
sourced pools [6]. However, the extent and level of PARV4
contamination of Chinese source plasma pools have not
been determined. In this study, we investigated the infec-
tion status of PARV4 in source plasma pools from plasma-
pheresis donations collected in China.
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Methods

A total of 195 source plasma pools from three manufactur-
ers collected between 2007 and 2010 were tested for
PARV4, Each donation mixed in the plasma pools was
tested for anti-HIV, HBsAg and anti-HCV by ELISA before
pooling. All the donations were confirmed to be uninfected
with HIV, HBV and HCV. Manufacturer A, B and C are
located in central China, northern China and south-western
China, respectively. For each sample, 50 pl of nucleic acid
was extracted from 200 pl of plasma by using High Pure
Viral Nucleic Acid Kit (Roche, Germany). As previcusly
described, real-time quantitative PCR was performed with
primers 5'- CTAAGGAAACTGTTGGTGATATTGCT -3’ and
5-GGCTICTCCTGCGGAATAAGC-3" and probe 5°-(FAM)
TGTTCAACTTTCT CAGGTCCTACCGCCC (TAMRA) -37 spe-
cific for a highly conserved region of ORF2 of PARV4 (nu-
cleotides 3285-3387, GenBank accession no. AY622943.1)
[6]. Each PCR contained Premix Ex Taq ™ (1x) (TaKaRa,
Dalian, China), 0-75 nm each primer, 0-5 nm probe and 3 pl
of template DNA in a final volume of 20 pl. PCRs were run
on a CFX96 Real-Time PCR Detection System (Bio-Rad, CA,
USA] with the following thermal cycle conditions: 10 min
of preincubation at 95°C, 42 cycles in three steps each
(95°C for 30 s, 52°C for 30 s, 68°C for 30 s) and one final
cycle of 10 min extension at 68°C. Results were analysed
with BioRAD CFX Manager software, Standard curves were
generated with serial dilutions of a plasmid containing the
103-bp PCR product. The detection limit of this assay was
found to be 10 copies per reaction. The primers were highly
specific and non-reactive for nucleic acid extracted from
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the 1st WHO Intermnational Reference Panel for Parvovirus
B19 Genotypes for NAT-based assays (code 09/110). PCR
products of the positive samples were cloned into pMD18-T
vector and sequenced using ABI 3730 and accessories. Then
the sequences were aligned with the sequence of PARV4
prototype isolate (GenBank accession no. AY622943.1)
using DNASTar software package.

Results

Results showed that 26-15% (51/195) of lots tested positive
for PARV4. Positive rates of PARV4 DNA in source plasma
pools from three manufacturers were significantly different
(P < 0-01). 38:61% of lots from manufacturer A were posi-
tive for PARV4, while the positive rate of manufacturer B
and manufacturer C was 15-00% and 12-16%, respectively
(Table 1). Sequencing and alignment of amplification prod-
ucts of the positive samples revealed that they exhibited
100% identity or nearly 100% identity with 1 base differ-
ence {Fig. 1).

Based on the slope of the standard curve, we found that
the amplification efficiency was 95-2%. We determined
the PARV4 DNA loads in plasma pools. The result indi-
cated that the amounts of DNA ranged from 2-83x10°

Table 1 PARV4 DNA prevalence and levels in source plasma pools

copies/ml to 2:35%107 copies/m! plasma (Table 1). Each
batch of the plasma pools from the three manufacturers
consisted of 2000 to over 8300 donations. The result sug-
gested that the virus load could be 10'°~10"" copies/ml
plasma if one donation with high load of viral DNA was
responsible for the contamination of the plasma pool.

Discussion

B19V, and potentially PARV4, are involved in transfusion
safety. Since B19V causes various diseases, and is frequently
detected at high levels in plasma pocls, the Plasma Protein
Therapeutics Association and FDA proposed to screen mini-
pools and thus to restrict the quantity of B19V in the manu-
facturing pool [7, 8]. Although the ‘original patient’ who
was infected with PARV4 did have acute viral infection syn-
drome, so far ne diseases were confirmed fo be related with
PARV4. There is no standard issued by intermational or
domestic organizations for restricting the level of PARV4 in
plasma pools. The high level of PARV4 in plasma pools may
cause potential risk to transfusion safety, so further study on
the pathogenesis of PARV4 is urgently required.

In previous reports, two studies investigated the presence
of PARV4 in plasma pools used in the manufacture of

Number of lots (%)

PARV4 DNA load (copies/ml) Manufacturer A Manufacturer B Manufacturer C Total
10°-10° 2{1:98) 0 0 2(103)
108107 8(793) 1{5-00) 2(2-70) 11(5-64}
105-10° 16 (15-84) 2(10-00} o 18(9-23)
10t-10% g (89) 0 4(5-41) 13(6:67)
10°-10* 4 (396) i} 3(4-08) 7(3-59)
Positive-10° 0 0 0 0
Number of positive lots 39{38-61) 3 (1500) 9 (1216) 51 (2615}
Number of negative lots - 72(71-29) 17(85-00) 65(87-84) 154(78-97)
Number of lots tested 101 20 74 195

AT2010014013
B3
£-200808-32
C-200809-43

CTAAGSCAAACY GTTGGETGATATTGETGCATCTTCAACTTTETCAGGOGTCECCTACCGECCEBCT G

Fig. 1 Multiple sequence alignment of the PARV4 prototype isolate {GenBank accession no. AY622943.1), and isolates identified in pools, was created with

the program CiwstaW in DNASTar software package.

© 2012 The Author(s)
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plasma-derived medicinal products [5, 6). The results in
these two studies indicated that the positive rate of PARV4
DNA in plasma pools from most manufacturers was low,
with the exception of those from three manufacturers,
where more than 30% plasma pools tested positive for
PARV4 DNA. In this report, we found that the frequency of
detection of PARV4 DNA was high, particularly from man-
ufacturer A which was as high as 38'61%. This may be the
result of seasonal and/or geographical epidemic variation.
Recent studies have shown that PARV4 infection was in
association with HIV, HCV and/or HBV infection [9-11].
These results implied PARV4 transmission via contami-
nated blood and/or intravenous drug use. In our study, the
tested plasma pools contained thousands of plasma dona-
tions from healthy individuals uninfected with
HIV/HCV/HBV, which demonstrated that the presence of

PARV4 DNA in these plasma pools was not associated with
the infection of HIV/HCV/HBV. The increased prevalence
of PARV4 in HIV/HCV/HBV-infected groups or other
high-risk groups may be due to increased exposure to
infection, but the persistence of PARV4 was not exclusive
to these groups, as has been observed in a previous report
[12]. Further studies are needed to improve our knowledge
of the route of transmission and biological properties of
PARV4.
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SELTWa, FRlo#EIZLD e FoR T A
A B19 OEEROTREETE CSRY, BRUE
BB R~DREE (R, BIEKE, BRFED)
BT B RN H B, )

PRV P =



. BRARREE 2-1
(= Fi13
EFRRAR  ERE WAEREE '
¥ dh

MR 100 u L o% i, B L%, 100°CT 10nin 8 L., 12000r/nin @ Smin OBt LT L%
EUR L., {#FLk,
1.3.3 PCR#(E :
L3.2EDEE 2L #E D, 8000r/min T 10s B BE L, B¥Exy FOBEHEBEZS2R L., PCREEZT-7, 93C
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F O RBEMSART, BB S FROEEBBS RSB, CT E>27 DFES S L — Y — 1 & LTEREZITV,
B FEEMEER TN L —Y = 0EE ThHhhEBE, B EESEIIES TSR S E L, '

2. 2
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HTE DL RICFEE LD B19 OS2 U, FEE L REH 7 —Amfe st aRE L2179 Z & TligRA|ox
2MEFRETEEEbIE, EENAKECEDE I EBRETHS,

ERBRTIRY TAF A AEER POR #d B TRENREE S OEHAI O B9 4 ) A NA OREEIT 72, TORRE, TE
O MEENEIR D B9 GRS O OWEIT AT PhEr o7, RERBROBENG, MIEEEREFREAD B19 DNA
OFHERR S w7 ) CRMBAICHEATHREFECR O I EBaho e, FOEZRRITMLINERR+RAH oS TERPEHTC,
BEEIGHERESR - BHOZRERERIETTHY. OMEOHMEREL, VAALADBRERFT+GLRIDESLIEND,
—k7 a7 CREAIT SN TRAEMEC, AERbOo=F ) — M TEBRSB I ue b ST —TIRBEBTIAL
ADKRESIBREESND, i, Fu7 ) rOSBIIAVAERETSY J—b, AR L—E OB E B EAN
HhH. : :

BEDPED PCR HIEF v MEEFMORKEIC LB L, FRESy FORE 10X 10copies/nL ThH Y, BEOHEFHILHS
e THhD o Lk Bl DNA OBERMEX Y FOREEZ TE-EZ LERLTHNITERY, Si-iikoihn, NE, 1%,
BRIFR L CHBRREDBE L TR TRERRICHEL 52 5 TS H 570, ERMEERREOERSUE R ICE-TH
HOEBR EBRELTV. SOIRES v FOEREEC LB THRBIMER TS 2 & T, BRIV BRECHELHE
A EERTRER LR,

BEERPCRBER VAN ABROABITHBONTEHEHERBEEZR-TEY . PREOLERAICH T HETLRERR 7R
FlD B19 BB HENEN D LA Rok, Lk LENATLEERREFZOMRNA 2ERASE B ICBR LD

N R PR P R
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BT E RV, FOEAO—o L LT, £ 0BFIERK B 072 M2 G TEY, Fhi i BgrgH
ERERLLTWAEREND S, El—Aifhic $ XED B9 fimEdEdlasEh, TR LESN2TER R4 L
E2H6N5, bI oMk BOBRIREDAX COLEEREREZIIEEZTHOTHY, P oMBBEAPOTA N AERE
WESICORBRELTEOTH, VAARREMBEROBBEEIOWTREFBERLRENTHRY, bz, AHEERTER
L7- PCR E TR EN =L DX BI9 @ DNA ThH, EEX L TANVATIEANENS LD, BETRTHMB IO,
NMARELERAZ LT, URSDOBET A NVAORESIIEEETZEFAELESh, BiEEE5, FRA2RIETS L, BIOD
WA I L S o B19 BERRICOVW TS B E HILHELET V., BESELERTHILNERHDEELS,

BELEDER L4 DX

ROV T4 R Bl (human parvovirus B9 : B19) 13, JEE = n—72# e nEBS T/ ER (0 | AL R0 eitic
20~26nm) DNA A VAT, B-PRELBERAIC L2 EBPRESHh TN, MOV A AT, @ | 82520 EELD
BomUEOMNE TR TORNEL - BREREETHY, FVANRAOERB) A7 2RBEBETHIZ LT | oc BEROBEITE A
vz, 19964 11 B X v, FRLOBERI B K OWTORREBITVEEBREZH - TE 7, . |1,

JFEE M iE~D B9 IBARIEH OO, AEFRTFH TR CLEIAER AV Fh—X 7 ) —=2 73 Thih T
W5, F—, BEHAFICBIORRALEELTH, CBVEEFATALARELEDANARZ VT T AR
HAER U B18 #AVWETEL-REBRBROBRPD, FROMETRIIBWTREL - BEENILELT
WA,
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I3 % 170 P A VRS B19 DNA H03Y
| Bukdh, T4, BT

(HZE ] B RURERS SR OESRSSA YNGR B19(Human parvovirus BISYHITSER . i #EBIOR
BB 4R FG X AT BRSFX 2 000 ~ 2 300 bp 2 [B#iT PCR F1403FEr  SRAZEEER PCR Bl A A= FiR &M
A SIRES AFEEAE AL E TR ENERES Y P B19 55 DNA. &R BAGRE APBERAR
# A SRS SRR AR R EFIMASEN A E 440 B19 555 DNA FRHEESRA-314 0. 092%.82. 41%.0,
45, 83%.67. 86% F178. 9%, &5t REFEMEE R niEH RS B9 WEASHRTEISET BN REE, TSR AN
R B AR %, AU B AR H S gt — A ERER

(@3] B/NEE B, MG TENER PCR MR &

[ EEBSES] R457.1 +4 RI73. 9 [CHRIAE] A [XEHS] 1004-5503(2012)08-1043-03

Determination of human parvevirus B19 DNA in source plasma and blood products

HOU Ji-feng', WANG Min, MA. Qiu-ping ("National Institutes for Food end Drug Control, Beijing 100050,

China)
[ Abstract])
China. Methods -Primers were desizned based on the highly conserved sequence between 2 000 and 2 300 bp in the coding regions

Objective To determine the contamination with human parvevirus B19 in source plasma and blood products in

of B1% genome, with which individual human plasma samples, plasma pools for production, intravenous immunoglobulin, human fib—
rinogen, human coagulation factor VI and human prothrombin complex were dete rmined for B19 DNA. by fluorescent quantitative
PCR. Results The positive rates of B19 DNA in individual human plasma samples, plasma pools for production, intravencus im-
munoglobulin, human fibrinogen, human coagulation factor Vi and humen prothrombin complex were 0. 0929, 82.41%, 0, 45. 83% s
67. 86% and 78. 79% respectively. Conclusion The positive rates of B19 virus in source plasma and blood products in China were
dlightly lower than those reported in the documents abroad, which might be assobiated with the sensitivity of kit and the quantity of
samples. It is necessary to follow the relative message of rlevant domestic blood products.
'[Key words] Human parvovirus B19, humen; Fluorescent quantitative PCR; Blood products

AR/ B19( Human parvovirus B19 YREEH
mE—iF AZEBUR AR/ MR EE L, R RER SRR
RASAR , B19 WE R, KR RRABAHR,
il Ve CRER A SR N ey a ke g P T
HEM R RECTE LT R AR
FEANRG LK M FERG T R4 4R M B A dndi 0T BY
£ AR i B A L FT BB R T EH M FLAE R R
FP v R EUS A RS T R R R R S
BB ), FECRRAE L, KRR
FHPERIRIT R ERAR BIYFEHEEER
B o HEMLEFFm *ﬁﬁﬁ?gk?: 10® geq /ml &5,
PURTT Fe=4 SR EES B/ 103, 5 geq/ ml B,
HURHAT=EESiE. 4 60%HIEF ARG E 10°~

108 geq/ ml fRTE ¢, LR /FEHERI(S/D)bE -

ERMEETE 23%S B19 553, % 105 ~
10° geq/ ml, TR A MK 1eG HELN 44 IU/ml,
EETH  ERBHE T B (2008BAIS4B08).

{84 PERS ARSI MEEH RF (LR 100050).
EIIES AR LEEE , E-mail thoujf@nicpbp.org.cn

ARUSFGIED), Bl RERRARWEEY
J(FDA)BHLE , R4 MLIE R HEAT B19 555 DNA 46
W[ ,B19 H: DNA HREEBIT 10° geq/ ml MIRS M
HRERDT.

7 3w A 3 B R AT BIO R
DNA Y447, AT iR E i 5 A o ekl 2 o
B19 AR AR B FIS Y& .

1. HEEFE
1.1 #&. :

EEERIL R AL MAKFEAR 6 S0S 3R 3 K
TR AT, BRI AR AR BRI, RLEER
HEEANE, T, TR, A RA R
BRAEBFSCPE ) =3 (2010 JE ) & f 5k H F
AN M HARTR - RIR S MR 108
3k B LR 3 FIMEH RAH , -30CHT: BEA
RIERE R 84k 20 KEASW; AFEEY
F 24 #t3k B 4 FE R AN EFW 56 itk
H3RERA; NEENBREESYW 3B HEE 3 E
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E R, B s A AR f .
1.2 EERXFRLEE

B19 BB (PCR)FObE B WM &
M AP RERERRARDEIRARKEEE
PCR {14 g 3%([8 ABI A7,
1.3 B19 f7:E DNA K&
1. 3. 1 PCR 5|454t A F B19 ZERELHDK 2 000 ~
2 300 bp Z[8], 1 B19 IR EEY HE (PCR)FEE
ERENAGE AW, .
1. 3.2 JREEIZPER DNA BRI . 7EX 1 Eppendoif B
FAIA 100 pl BT, B4 3 MA RS AR
& H R BTN 8 R SR T R4 100 ul, FEAES
J&,100°CAREE 10 min, 12 000 r/ min B4 5 min, ¥
# HF, & . '
1.3.3 PCRYHEHL L 3. 2 L IEM 2 pl,8 000 v/min
Bl 10 5, ZRRIAH] AL FHEFT PCR ¥4 :93°C
2 min;93°C 45 5,55°C 1 min, 10 MBI ;93°C 30 s,
55°C 45 5,30 MEF; 55C 45 50
1 3. 4 GERHE . SSCRAMBMEFEES, 3
B CT HAES R, M ROC BRI g4~
EMESEER 27, FETHERE BMRASHE
F LR, CT R < 27, ¥R, eEE nits,
ToHA S AUy I £, ) A T PR B IR
B, 2 s Jy ek 8 CTH > 27, 4 FRE
KR, S5 , /& REH e ir e hab TR E
B M A PR, 45 & B A B AR N B

2. HE

ZPEV6EE PCR G, BAGME LR
A B ARERES AFREL R AN
BFNEAENFEREE 514 B19 5% DNA FHtE
B3Rk 6,89,0,11.38 F1 26, FAHER4TF12 0. 092% .
82. 41%.0.45. 83%.67. 86% T 78. 79%,

3. Wit ‘ ‘
B o BT LR AR L SRR RS

MR EF TERBERERERSSTERRAR

Zetk ), BN, FE LR REE TS
WE—SRESFRRERERER. MIBIER
F (40 HIV . HCV HBY) i & , 4T A R i 3% 2= 7=
TR T ¥ B A SRR R & M E A {E
X FIEIE R, LR A L/NEEE B19, BiAT 4
PSRRI R USRI A,
Rk 2 EF O B19 FREEAN AR A0 B4R
T, B, REECERYE ER I B19 R

T , R ER I 7= FIR A I TR,
LB i B ) & Y ek O 5 EER IR,

A LIS FISE P9 e E B PCR &% FE M3
BB SFEITT BLY IREEES DNA 61, 10
LER B, [E P A A P B19 BREETS ML SRER (K
FE S SCERIRE ), AR S R A A, I
E-T-25= 5 B19 5% DNA IR E R THRES
ek, HEEFEETRRE EuEFE=RTLEE

B EY RS R AR R AR, B 5

BER, P R To4re TR 267 R A BAL T
LER, AEHEETEABREFLLE, K8
SRRE AR, B, ATREE A R
SRR — B R KRR

1898 HATE P PCR A A7 B M ARAOTFAS S

" BUEBRREREE R L 0 % 10 copies /ml, FEAKL

TPt RV B19 55 DNA WEEEFRME
FIREE , BRI SO B3 R R RRE
ARSI RN, B, SR R
M3 R MARERR R IR, 3
SFERITRBRME, DB ERERERESR.
PEJGE R PCR A E R By HAH
EEE S, TR E R S R, T
P55 B EE 80 B19 IREE TR, BERMENL
oy AU I 285 T W S TRt B19 SR EERYIRE .
HFER—FEWREEEEE A3 EAE B9 HE
A, PRI T AR B19 AT, BE TEW
HHRIER .. [Fad, BA M haE KAy B19 R
TR, B E AR RER .. B—HTH,B19 R
Z Ut SRR A IR B E AV RER , B iRk P
RS RRRI S5 R, ME TR R SR
Y2 R FESCHEN R TUAISEIGE . ok, TR R4
SC{E F PCR YR IAY 2 B19 758 DNA, THHEIER
BT, BT AR EREE, P
SPRTEREE O EREURIE , TR, &5 EFTR,
TN B19 FAZE ARSI s B iRk S BY B19
BN ESE—EHRR, UREERERE,

SRR
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3. idie

B BT R G5B 1 T SRR YT T AR
FHE—H RS RERENRE. BERE
B RA KT AAHEE , SR 20K, &
TRERR.EME, B S E R R
Yok TR BB BRI B, AT I IR
7, BRREE SO R R .

PCR H ¥ B4 BT ¥ e 8B, 3
EL e IR, T R RSB AERON, X TR
HEA S BRI, 2 B AL BRI
H B TR T R

I TR IAR R B MR BT SR , A5 ek AR
I3 A=, R T B R e AR B R S B,
BRAER TR BRI R ERER 1008
B/ ml, SRS RE R, RS RIS
RSLAE R PRAESE, S L R MR R i,
FLPCR K7 3 AT RT3 F40 3, S B e A
BIRORI . ASEUer BRI T W FIZSE PCR ik
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WraedE 6L, £, SVVEEHR O V-8 B 25 m SN 8E ., RIEL2ZiT2ho5E8 L0 S L8 EOETETH-
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VIDEQO: Human Herpesvirus 8 Seropositive Blood Transfusion Is
Associated with Increased Mortality

A recent study from Uganda demonstrated that transfusion with human herpesvirus
8 antibody-positive blood is associated with an increased risk of mortality. Human
herpesvirus 8, or HHV-8, is also known as Kaposi’s sarcoma-associated
herpesvirus. It can cause Kaposi’s sarcoma, lymphoma, and other diseases. HHV-8
is found primarily in the Middle East, the Mediterranean, and

Africa. Seroprevalence is greater than 50% in some areas of sub-Saharan Africa, but
little is known about the impact of acute infections.

Using a cohort of more than 1000 transfusion recipients in a hospital in Kampala,
Uganda, it had previously been demonstrated that HHV-8 could be transmitted
through blood transfusions. By analyzing data from this cohort, researchers
compared the risk of death within six months of transfusion between patients who
received HHV-8 antibody-positive blood and patients who received antibody-
negative blood. The researchers also assessed the additional impact of the short-
storage — or storage for four or fewer days — on mortality risk. The study was
published in the Journal of Infectious Diseases.

The researchers found that while 7.9% of patients who received HHV-8 antibody
negative blood died, 17% of patients who received HHV-8 antibody-positive blood
stored for four days or less died. Furthermore, transfusion patients who received
short-stored HHV-8 antibody-positive blood were about twice as likely to die as
patients who had received HHV-8 antibody-negative blood.

The researchers also found that for each additional unit of short-stored HHV-8
antibody-positive blood received, patients were 1.8 times more likely to die than if
they had not received the unit. Patients who received additional units of HHV-8
antibody-positive blood that had not been short-stored or additional units of HHV-8
antibody-negative blood, did not face a significantly elevated risk of mortality.

The research team, led by Dr. Wolfgang Hladik of the Centers for Disease Control
and Prevention, noted that the reasons for the increased mortality risk associated
with short-storage of HHV-8 antibody-positive blood transfusions are still unclear.

Here is Dr. Hladik.

“We don’t know whether the higher risk of death following transfusion was due
to transfusion-associated HHV-8 infection, or some other factor. However, the
results support the need for more research to determine the cause of death in such
patients, and to examine the effect of potential interventions such as irradiation or
leukoreduction.” -

In an accompanying editorial, Dr. Eva Operskalski discussed potential explanations
for and implications of this study’s findings. Dr. Operskalski noted that there
appeared to be a dose-response relationship for the mortality risk associated with



short-stored HHV-8 seropositive blood. However, that concurrent infection with
cytomegalovirus and transfusion-associated immunosuppression may have

contributed as well.

She also noted that in resource-limited settings, it may not be possible to pursue risk
reduction methods other than donor exclusion. Transfusion policy in these settings
would need to weigh the benefits of reducing the donor pool by excluding
seropositive donors with the potential for transfusion-transmitted infections. Further
studies of the mechanisms behind the association of transfusion with HHV-8
seropositive blood are needed.

We’ll be back on October 15 with another edition of Transfusion News. In the
meantime, you can always keep up to date with all of the latest information by
visiting transfusionnews.com. Thanks for joining us.
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DONOR INFECTIOUS DISEASE TESTING

Trypanosoma cruzi infection in North America and Spain:

evidence in support of transfusion transmission

Richard J. Benjamin, Susan L. Stramer, David A. Leiby, Roger Y. Dodd, Margaret Fearon,
and Emma Castro

BACKGROUND: The United States, Canada, and
Spain perform selective testing of blood donors for Try-
pangsoma cruzf infection (Chagas disease) to prevent
transfusion transmission. The deonor, product, and
patient characteristics assoclated with transfusion-
transmitted infections are reviewed and the infectivity of
cormponents from denors with serclogic evidence of
infection is estimated.

STUDY DESIGN AND METHODS: A systematic review
of transfusion-transmitted T. cruzi cases and recipient
tracing undertaken in North America and Spain is
descrived. Cases were assessed for the impulability of
the evidence for transfusion transmission.

RESULTS: T. cruzi Infection in 20 transfusion recipients
was linked to 18 serologically confirmed donors
hetween 1987 and 2011, including 11 identified only by
recipient tracing. Cases were geographically widely dis-
tributed and were not assodiated with incldent or
autochthonous infections. Index clinical cases were
described only in immunccompromised patients. Al
definite transmissions {n = 11) implicated apheresis or
whole blood-derived platelets (PLTs), including leukore-
duced and irradiated products. There is no evidence of
transmission by red blood cells (RBCs) or frozen prod-
ucts, while transmission by whoele bloed transfusion
rernains a possibility. Recipient tracing reveals low com-
ponent infectivity from serologically confirmed, infected
donors of 1.7% (95% confidence interval [Cl], 0.7%-
3.5%) overall: 13.3% (95% Cl, 5.6%-25.7%) for PLTs,
0.0% (95% CI, 0.0%-1.5%) for RBCs, and 0.0% (85%
Cl, 0%-3.7%; for plasma and cryoprecipitate.
CONCLUSIONS: T. cruzfis transmitted by PLT compo-
nents from some donors with serclogic evidence of
infection. Evidence of transmission before the imple-
mentation of widespread testing in the countries studied
is sparse, and selective testing of only PLT and fresh
whole blood donations should be considered.

niversal serologic testing of US bloed donors

for T, cruzi infection was initiated by the two

largest blood collecting systems, the Ameri-

can Red Cross (ARC) and Blood Systems, Inc.,
i early 2007, after the US Food and Drug Administration’s
(FDA’s) approval of a screening assay in December 2006
and a recommendation by the FDA's Blood Products Advi-
sory Committee {BPAC).! The decision to implement
blood donation screening was based on accurnulated evi-
dence that a substantial number of donors naticnwide
had evidence of prior exposure; reported transmission
rates of 12% to 20% based on historical findings from
South America; and case reports of transfusion transmis-
sions in the United States, Canada, and Spain?'’ FDA
draft guidance recommending universal blood donation
screening was reteased for comment in March 2009, Aiter
16 months of testing, serologic evidence of infection was
confirmned in approximately 1:27,500 donors overall but
was especially concentrated in areas with large Latin
American immigrant communities.''® With an observed
low rate of transfusion (ransmission and apparent
absence of incident infections in the US donor pool, many
blood centers moved to selective one-time testing of all
donors.!*# Final FDA guidance released in December
2010 endorsed this approach. In September 2005, Spain
implemented selective qualification by testing or

ABBREVIATIONS: ARC = American Red Cross; BPAC =Blood
Products Advisory Comnmittee.
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exclusion of donors who revealed histories during donor
questioning suggesting T. cruzi infection risk, after docu-
mentation of transfusion-transmitted cases implicating
immigrant donors from South Ameriea.?2 Both blood pro-
viders in Canada implemented similar selective testing
models in 2009 to 2010.2

After more than 4 years of screening for T. cruzi infec-
tion in blood denors and recipient tracing of prior dona-
tions from serologically confirmed-positive donors, it is
timely to reexamine the evidence for transfusion-
transmitted T, cruzf outside of endemic areas to evaluate
the impact of testing on patient safety. It is especially
important to assess the imputability of reported cases, as
many are described only in case reports of varying
quality and completeness. Therefore, we embarked on a
systematic review of published reports of transfusion-
transmitted T cruzi and of recipient tracing investiga-
tions, to assess the characteristics of the donors, patients,
and products involved.

MATERIALS AND METHODS

Publication inclusion criteria

This review seeks to summarize ail reported cases of
transfusion-transmitted T eruzi in North America
{Canada, United States, and Mexico) and Spain, with an
evaluation of imputahility to assess the reliability of each
report. Cases were diagnosed either as index clinical infec-
tions that were subsequently linked to transfusion or
through identification of infected blood donors by sero-
logic screening and tracing of recipients of blood products
derived frop, earlier donations from those donoxs {recipi-
ent tracing). Reports were obtained by literature review
and PubMed searches; however, some cases are reported
in abstract form only and the authors relied on personal
communications with experts in the United States and
Spain to assist in identifying reports. A PubMed search
between January 1580 and August 2011 on the terms “Try-
panosoma cruzi” and “transfusion” revealed 377 abstracts
that were reviewed for evidence of transfusion transmis-
sionn and/or recipient tracing studies occurring in the
United States, Mexico, Canada, or Spain. Included are all
cases identified in the United States by recipient tracing
and reported to the BPAC on August 2, 2011.%¢

Imputability

Each case of suspected transfusion-transmitted T. cruzi
was assessed for imputability based on the available pub-
lished data using a classification scheme consistent with
the Centers for Disease Control and Prevention's National
Healthcare Safety Network criteria.?> To be considered
transmission by transfusion, a case had to describe a
patient with a clinical or laboratory diagnosis of T. cruzi
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infection (with or without clinical symptoms) and a
history of transfusion. Possible cases included any patent
where no donor was identified as a potential source of
infection but transfusion transmission was thought likely
on epiderniologic grounds, or recipient macing cases
where an infected donor and recipient were identified but
recipient infection before transfusion could not be
excluded and the infected patient had a major risk factor
for prior infection, such as having lived in and/or being
bornin a T. cruzi-endemic area. Probable cases included
those in which an infected blood donor was identified
threugh serclogic testing, with or without further confir-
matory testing, but the patient may have at least one other
weak risk factor for prior . cruziinfection such as travel to
endemic areas; however, fransfusion transmission was
thought likely on epidemiclogic grounds.® For the pur-
poses of this study, definite cases included infected
patients with no other recorded risk factors and who were
transfused with a blood product from a donor shown tobe
infected with T. cruzi.

Statistical analysis

Infectivity by transfusion is expressed as the percentage of
cases identified by recipient tracing and the 95% confi-

dence interval (CI), as determined by the Mid-P Exact
method.”

RESULTS

Fifteen reports were identified that document suspected.
T. cruzi transfusion transmission in 20 patients, including
six in abstract form only (Table 1). Seven reports were
from the United States, five reports were from Spain, two
from Canada, and one from Mexico. Eleven patient cases
met the imputability definition of definite transfusion
transmission, with six of these identified only by recipient
tracing of which one was linked by genetic analysis of
donor and recipient T. cruzi isolates.? '8

Five definite cases were discovered on clinical
grounds, all in immunocompromised patients undergo-
ing chemotherapy for cancer and/or stem cell transplant.
Definite cases were widely distributed geographically with
three cases in New York; one each in Florida, Rhode Island,
and Canada; and five cases in four separate regions of
Spain. Distribution did not correlate with areas known to
harbor vectors capable of transmitting T. cruzi infection,
Additionally, there were no cases ascribed to autochtho-
nous infections or recently infected donors. The donors
involved were born most commeonly in Bolivia (six cases),
but others came from Argentina, Brazil, Chile, and Para-
guay. All donors involved in US cases were long-term resi-
dents of the United States (16-40 years). No implicated
donors came from Mexico or Central America. All definite
cases implicated transfusion of a platelet (PLT) product,
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TABLE 1. Patient, donor, and preduct characteristics involved in transfusion-transmitted T. cruzi infections

Doner Transfusion
Reference, year, recipient location Recipient condition Other risk factors implicated Conor origin Products transmission
1. Grant et al.,, 1989," New York Hodgkin's disease No Yes Bolivia PLTs Definite
2, Leiby et al., 1999, Fiorida Multiple myelema* No Yes Chile PLTs {whola blood) Definlie
3. Nickerseon et al., 1989, Acute lymphoblastic leukemia No Yes (2} Paraguay (2) PLTs Definite
Canada
4. Young et al., 2007,'S Rhode MNeuroblastoma Mo Yes Bolivia PLTs {irrad. & teuko.) Definite
Island
5. Kessler et al,, 2010,2 New York Unknown* No Yas Argantina PLTs (Irrad. & leuko, apheresis) Definlte
6. Kessler et al., 2010,° New York Unknown* No Yes Argentina PLTs {leuko. apheresis) Definlte
7. Flores-Chavez et al,, 2008," Laukemla No Yes Brazil PLTs Definite
Madrid
8. Persz etal,, 2008,° Malaga Aplastic anemia No Yes Baolivia PLTs Definite
9. Perez et al., 2008,° Malaga Choroid plexus papilloma™ No Yes Bolivia PLTs Deflnite
10. Abalo et al,, 2007,7 Galicla Unknown* No Yes Bolivia PLTs Definite
1. QOzaeta Orrono et al,, 2008,° Unknown™ No Yes Bolivia PLTs Definite
Basque
12. Lane et al., 2000,* Canada Promyetocytic leukemia Travel to Mexico Yes Paraguay Not defined (299 PLT units, 8 RBC Probable
units)
13, Gelseler etal,, 1987,° Leukemia Travel to Mexico Yes Not stated Not defined Probahle
California
14. Stramer et al., 2008,2# Pregnancy* Bom In Bl Salvador Yes El Salvador PLTs Possible
Tennessee ’
15. Kirchhoff et al., 2006,'¢ Mexico Unknown* Endemlec region Yas Maxlco Fresh whole blood or PLTs Possible
16. Kirchhoff et al., 2006, Mexico Unknown® Endemic region Yes Mexico Fresh whole blood or PLTs Possible
17. Kirchhoff et al., 2006, Mexico Unknown® Endemic ragion Yes Mexico Fresh whole bload or PLTs Possible
18. Kirchhofi et al., 2006, Mexico Unknown™ Endemic region Yas Maxico Frash whale blood or PLTs Possible
19. Cimo et al., 1993,'° Texas Colon cancer Travel to Mexico No No donor identified -500 RBC, PLT, and plasma units Possible
20. Villaiba et al., 1992, Cordoba Leukemia No No No danor ldentified 20 products, not definad Possible

* Faund on reclpient tracing.

Irrad. = iradiated; leuko, = leukoreduced.
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either from a whole blood or an apheresis denor. In two of
these cases, the implicated PLT product was documented
to have been both leukoreduced and irradiated®* (D.
Kesslet, personal communication, 2011). Donations from
some of the donors whose PLT products were assoclated
with definite transmissions of T, cruzi were subjected to
recipient tracing. Overall six definite transmissions were
linked by recipient tracing from five donors identified
either by donor screening (four) or as an index clinical
case {one).t>"?

Two cases met the definition of probable transfusion
transmission. In both cases, the patient's risk factor
involved “iravel to Mexico”; recent travel 1o endemic
countries is considered a weak risk factor given improved
vector control, along with a requirement for sustained
residence in an endemic setting to successfully transmit
the parasite.?%*® Lane and coworkers® described a case in
Canada in which an implicated donor was horn in
Germany, but lived extensively in Paraguay. The recipient,
who had prolymphocytic leukernia, had recejved 289 PLT
concentrates and sight red blood cell (RBC) units; no spe-
cific component was implicated in this transinission case.
A second case described by Geiseler and colleagues® did
not define a component type although a directed donor
was implicated by serologic testing {father who had lived
in Mexico).

Seven cases were considered to be possible transfu-
sion transmission. The ARC had one possible case associ-
ated with a serologically confirmed-positive donor
identified by routine blood donation screening. The ARC
implemented routine universal screening of all blood
donors for T eruzi infection by enzyme-linked immu-
noassay -(BEISA; ORTHO T cruzi enzyme-linked immun-
osorbent assay test systemy, Ortho Clinical Diagnostics,
Raritan NJ} in January 2007, with confirmation of repeat
reactivity by radicimmunoprecipitation assay (RIPA;
Quest Diagnostics, Chantilly, VA). Recipient tracing was
performed for all repeat donors confirmed positive by
RIPA.1222 During the first year of screening, a donor with
a history of birth in Brazil donated a whole blood unit to
the Tennessee Valiey Region Blood Center and was found
to be ELISA repeatedly reactive, RIPA positive, but T. cruzi
PCR and hemoculture negative by in-house methods.*
Components from four prior whole blood donations were
investigated for transmission. The 28-year-old female
recipient of a leukoreduced whole blood PLT unit trans-
fused in August 2006 was found to be T. cruzi ELISA repeat
reactive, RIPA positive, and PCR and hemoculture nega-
tive. This recipient had a history of birth in El Salvador, an
endemic region for T cruzi?® Conclusive evidence of
transfusion transmission was not possible through
genetic characterization, as parasites could not be recov-
ered from either the donor or the recipient. A prior recipi-
ent of a fresh-frozen plasma (FFP) unit was found to be
negative for all tests. The other recipients of the donors’
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blood were either deceased or lost to follow-up. This case
meets our definition of a possible transfusion transmis-
sion. Since that time and covering 4 years of screening, the
ARC has not identified another infected recipient of a
blood product from a confirmed-positive doner (110 total
recipients tested; however, only nine received PLTs).

Kirchhoff and colleagues'® describe a serologic
screening study in Mexico that revealed an overall 6.75%
prevalence of T cruzi infection in blood donors at five
regional blood centers. Recipient tracing investigations
were performed at one center in Guadalajara where the
prevalence in blood donors was 0.79%. Four of nine (44%)
recipients of either whole blood (two) or PLTs (two) from
infected donors were found to be serologically positive.
The authors concluded that transfusion transmission had
occurred based on a significant difference between the
rate of positive findings in the tested recipients and that in
the donor population, of which 83% were less than 35
years old, No further details on the donors or recipients,
including the recipients’ pretransfusion serologic status,
age, and underlying disease, or the prevalence of T. cruzi
in the general patient population, were provided. Direct
demonstration of T. cruzi infection by PCR or microscopy
was not performed in either the donor or the recipient
populations in this study. Thus, evidence for transfusion
transmission is regarded as possible in these cases.

Two other cases of suspected T. cruzi transmission are
reported by Villalba and colleagues** in Cordoba, Spain,
and by Cimo and coHeagues'®in Houston, Texas, based an
the detection of clinical infection in multiply transfused
patients with no reported history of other risk factors for
infection. However, investigation of the blood donor
population was incomplete and no infected donors were
identified, leading to the conclusion of possible transfu-
sion transmission.

The relatively sparse number of reports of
transfusion-transmitted 7. cruzi in North America and
Spain, and the absence of definite cases implicating trans-
fusions invelving blood products other than PLTs, raises a
question regarding the relative infectivity of components
from infected donors. In addition to the transfusion-
transmitted cases identified by recipient tracing described
above, at least six other reports of recipient tracing studies
have failed to identify additional cases of transfusion
transmission,!#1%2:23-52 Iy total, it is noteworthy that only
six definite transfusion transmission cases have been
identified through recipient tracing of 350 recipients, sug-
gesting an overall infectivity of 1.7% (95% CI, 0.7%-3.5%)
for recipients exposed to blood components from sero-
positive donors (Table 2), While the full breakdown of
cornponent type is incomplete, available data allow us to
calculate the infectivity risk for 0 of 197 RBC units (0.0%
[95% CI, 0.0%-1.5%)); 6 of 45 PITs (13.3% [95% CI, 5.6%-
25.7%]); and 0 of 80 frozen plasma or cryoprecipitate units
(0.0% [95% CI, 0%-3.7%]).



T. cruzi INFECTION IN NORTH AMERICA AND SPAIN

TABLE 2. Qutcomes of successful recipient tracing investlgations on prior donations from donors found to be
infected with T. eruzi either after identification of an index clinical case or by sereclogic screening of blood
donors in the research or routine aperations setting

Transtused and investigated

Report

Totalt components RBCs PLTs Plasma or cryoppt Whole blood

1. Grant etal,, 1989" 5

2. Kemdt et al., 1991 7 ]

3, Leiby etal., 1999° 1 i*

4, Leiby etal., 1999 1 1

5. Leiby etal., 20022 i8 11 2 5

8. Abalo etal., 20077 2 1 1*

7. Kessler et al,, 2008° 4 2 2*

8, Perez de Pedro et al., 2008° 8 ™

9, QOzaeto Orrono et al., 2008° 2 1 i*
10. Fearcn et al, 20112 48 30 8 12
i1. FDABPAC, 2011% X 254 152 30+ 62 3
Totals ' 350 197 45 80 3

Cryoppt = cryoprecipitate.

* Positive recipient tracing investigations with definite infected recipiants identified.

+ Total component count does not correspond to the individual component count due fo missing data in the referenced publications.
1 A single possible transfusion transmission case is excluded from this analysis.

DISCUSSION

In December 2006, the FDA licensed the first blood
screening test for antibodies to T cruzi that has been used
with a laboratory-developed test (RIPA) for confirmation
of repeat reactivity.!** The BPAC met to discuss the devel-
opment of guidance for blood donation screening in April
2007. The FDA released draft guidance for universal
testing in March 2009 and then finat guidance in Decem-
ber 2010 allowing a selective testing model where donors
need only test negative one time to be qualified for all
future donitions. Evidence in favor of blood donation
screening includes a significant prevalence- of - I cruzi
seropositivity in blood donors, especially in regions of the
United States with substantial Latin American immigrant
populations. In the late 1990s prevalence rates were as
high as 1 in 7500 in Southern California. donors and 1 in
9000 in donors in Miami;?** current data reflect rates of 1
in 6800 and ! in 5000, respectively (ARC internal data).
Furthermore, prior reports from endemic countries sug-
gested that approximately 12% to 20% of components
from seropositive donors transmit infection, including
whole blood, RBCs, PLTs, white biced cells {(WBCs), FFR
and cryoprecipitate.® Selective one-time testing of all US
blood donors was supported by BPAC and incorporated
into final FDA guidance based on the paucity of evidence
for incident or autochthonous infections in the United
States and the low overall rate of transfusion transmission
demonstrated by recipient tracing following the first
4 years of testing.#

In Spain, a European country with a high imrnigratien
rate from South America, a Royal Decree was issued in
2005 whereby the Spanish Ministry of Health required the
exclusion or testing of donors hormn in endernic countries,
the children or grandchildren of mothers born in those

countries, or donors with a history of having resided or
being transfused in those areas?% Both bleod providers
in Canada recently implemented similar measures, after
the report of two transfusion-transmitted cases.??

Since January 2007, mote than half of the US blood
supply, consisting of more than 20 million transfused
components derived from approximately 10.9 million
donors each year,®® has been tested. A total of 1456 RIPA~
copfirmed-positive donors were identified by August
2011, according to the AABB Chagas Biovigilance Net-
work,* for a mean rate of approximately 1:25,000 to
1:30,000 donors tested, consistent with prior reports, 1322
Substantially higher rates are apparent in -areas of the )
country with larger immigrant populations from Mexico
and South and Central America.

Despite the relatively high prevalence of T cruzi
infection in the United States, evidence of transfusion
transmission is sparse. Only five cases (three definite,
one probable, and one possible transmission case) were
reported in the United States between 1987 and 201],
with recipient tracing identifying another two definite
and one possible case after the introduction of routine
donor testing. It has been suggested that acute T. cruzi
infection may often be subclinical and that It rnay only
be recognized in highly immunocompromised patients.
Thus, transfusion transmission may be significantly
underreported.®® Clinical cases confirm the propensity
for diagnosis in immunoccompromised patients; how-
ever, recipient tracing has failed so far to identify a sub-
stantial number of seropositive recipients, recognizing
that the number of PET recipients tested is limited (e.g,,
only nine over 4 years at the ARC). In any event, it is
desirable to reassess the available data in support of
T. cruzi transfusion transmission and resulting screening
policies.
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Review of 20 cases derived from 15 reports confitins
that thereis strong evidence for transfusion transmission;

however, all cases where a component was identified

involved either PLTs (from both whole blood and apher-
esis) or whole blood. Leukoreduction and/orirradiation of
PLT components de not appear to prevent transmission.
The patients detected clinically were immunocompro-
mised and under treatment for oncologic diseases and
thus more likely to receive PLT products. Doners involved
in transmission cases were invariably born in endemic
areas of South and Central America or Mexico and
donated blood across the geography of North America or
Spain. In the United States and Canada, there is little evi-
dence of increased transmission risk from donations in
those areas of the country having the highest proportion
of immigrant donors frorm endemic countries, or from
areas at risk for autochthonous transmission, as evi-
denced by casesin NewYork, Rhode Island, Manitoba, and
Tennessee versus a high concentration of infected donors
in Calfornia, Florida, and Texas.

There is no evidence in this review of published cases
and reclpient tracing that plasma, cryoprecipitate, or
RBCs wansmit T cruzi infection. The evidence for whole
blood transmission relies on statistical comparisons of
infection rates in donors and patients in Mexico, but
transmissibility cannot be excluded. It should be noted
that in Mexico, as in much of Latin America, the use of
replacement donors remain and the transfusion of “fresh”
whole blood within days of collection is much more
common than in the United States.

The relative paucity of reports of transmission in
Mexico is difficult to understand. T, cruzi is endemic in
many partsfpf Mexico-and: screening of blood donors has
revealed a seroprevalence that varies from 0.37% to 7.7%,
with a mean of 1.5% in 18 government blood centers in
various states.'®®®-# It seemns reasonable to assume that
this is due to underreporting and the difficulty in diagnos-
ing transfusion transmission in endemic areas.

The risk of a donor with serologic evidence of T. cruzi
infection transmitting infection is unknown, but appears
to be low. In aggregate, recipient tracing has identified
only six confirmed cases in 350 patients transfused and
tested, for an overall infectivity rate of 1.7% (95% CI, 0.7%-
3.5%). How do we reconcile the data from nonendemic
countries suggesting low transmissibility with historical
reports of higher transmissibility in endemic countries? It
may be that prior estimates are incorrect, that the risk
has changed over time, that the risk of transmission varies
with different geographical strains of T. cruzi, or a combi-
nation of the above. First, we must acknowledge the diffi-
culty in assessing transmission in endemic areas. The
widely quoted 1ate of 12% to 20% transmission is based on
estimates published by the World Health Organization in

1980 followed by a review of the evidence basis by Schmu-
nis in 1991.17%
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The early studies often relied on comparisons of
infection rates in donor and multiply transfused patient
populations as evidence of transmission. The asserton
that recipients with higher rates of infection reflected
transfusion transmission is likely to be confounded by the
fact that infection may have occurred decades ago in rural
areas of endemic countries before effective vector control.
In addition, because Chagas disease Is a chronic infection
with long-term sequelae that may require transfusion, and
that most blood is transfused to the elderly, infection is
more likely to be recognized in transfused patients versus
blood donors who are generally much younger.!'*¥” These
studies cannct confirm infection because there was no
pretransfusion sample, which is necessary to prove sero-
conversion indicative of transmission*® In addition,
proof of transfusion transmission is especially difficult
as serologic conversion may occur 3 or more months
after transfusion transmission, requiring PCR testing or
hemoculture to make a diagnosis? Thus, the accuracy of
early reports of infectivity from endemic areas should be
questioned. Indeed, at least one study stated the risk of
transmission from a single transfusion is 0.15% to 0.6%,
which is consistent with our current observations.4*®

Second, the assumed 12% to 20% rate of transmis-
sion was established by studies performed before 1980.17
During that period, the use of paid and/or replacement
donors and the transfusion of fresh whole blood or non-
leukoreduced blood was mote likely than is currently the
case. With the move to modermn RBC storage solutions,
prolonged storage times, and widespread leukoreduction
by filtration, the risk of transfusion transmission may
have changed over time. Transmission by PLTs shows
that T cruzi-organisms can survive in anticoagulant solu-
tion with storage up to 5 days at room temperature and
that leukoreduction and irradiation may reduce but do
not eliminate the risk. The absence of transmission by
RBCs or noncryopreserved frozen products suggests thag
the organisms are either removed during whole blood
processing and/oxr do not survive storage or freezing
well#® T cruzi exists exclusively as an extracellular para-
site in the blood and may be particularly susceptible to
processing and storage conditions. Dzib and coworkers®®
showed that leukereduction by centrifugation reduces
but does not eliminate T. cruzi contamination from RBC,
buffy coat, and PLT fractions while Moraes-Souza and
colleagues?™3! showed similar data for leukoreduction by
filtration. Alternatively, Hernandez-Becerril and cowork-
ers*! found that while 41% (12 of 29 donors) of seroposi-
tive donors in Mexico City were also positive by PCR and
10% (2 of 29 donors) by hemoculture, suggesting active
parasitemnia, they were unable to detect any parasitemia
in 70 RBC and PLT components prepared from blood
donations from similar donors. The authors suggest that
processing of whole blood may diminish the parasite
burden in blood components by eliminating the WBC-



rich fraction. Given that RBCs are usually transfused after
longer storage periods than PLT, it is entirely possible
that the decreased infectivity for RBC products com-
pared to PLTs is due to organism attrition during pro-
cessing and storage.

" Finally, Leiby and colleagues® suggest that different
strains of T cruzi may pose varying rsks of transmission.
Most of the immigrant pepulation in Spain where a
number of cases of transfusion transmission have been
documented js derived from South America where T. cruzi
(Tc) Lineages Il to VI predominate, whereas the immigrant
populatoit in the United States, where the rate of trans-
mission is low, is more likely to hail from Mexico and
Central America where Tc Lineage [ is found. The authors
report a significantly higher rate of hernoculture positivity
with Te Lineage II toVI (11 of 24 [45.8%)]) versus Tc Lineage
1 (2 of 90 [2.2%]). Higher levels of parasitemia with Tc
Lineages II to VI may explain the higher rates of transmis-
sion in countries where immigration from South America
predominates. A study conducted by the Centro de Trans-
fusién de Cruz Roja Bspafiola en Madrid provides further
support for this hypothesis: 15 of 49 (30.6%) blood donors
found to be T. cruzi antibody positive were also positive
by hemopulture, with parasite Ieve}s between 1 and 10
parasites/ml. These donors were all born in South
America and most were from Bolivia (B. Castro, unpub-
lished data).

Serologic testing for T cruzi adds significantly to the
cost of providing blood products to patients while adding
little safety benefit, given the sparse evidence for trans-
fusion transmission. For these reasons, Spain and
Canada have restricted testing to the small subset of
donors whoFacknowledge risk factors for infection. In US
studies, Leiby and colleagues® showed that donor
country of birth and time in endemic countres were
informative donor history determinants, but Custer and
colleagues® found that they were only able to identify
75% of confirmed T. cruzi infections, suggesting that
donor history would have limited wutlity as a safety
measare in the United States.

The FDA has released guidance recornmending selec-
tive donor testing o one accagion, based on the absence
of evidence for incident infections in the US donor popu-
lation.? Our analysis now suggests that hefore any testing,
the risk of transfusion transmission was restricted to PLT
{and possibly fresh whole blood) transfusions. Selective
testing of only these donations would constitute a level of
safety that could eliminate any measurable xisk of rans-
fusion transmission of T. cruezi, while conserving resources
for other interventions with higher recipient impact {e.g,,
Babesia microti).
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Background and Objectives The outbreak of vCID in the UK leads to concern
regarding the potential for human-to-human transmission of this agent. Plasma-
derived products such as albumin, immunoglobulin and coagulation factors were
manufactured by BPL from UK plasma up until 1999 when a switch to US plasma
was made, In the current study, the capacity of various manufacturing processes
that were in use both prior to and after this time to remove the TSE agent was
tested.

Materials and Methods Small-scale models of the various product manufacturing
steps were developed. Intermediates were spiked with scrapie brain extract and then
further processed. Samples were assayed for the abnormal form of prion protein
(PrP5C) by Western blotting, and the reduction in the amount of scrapie agent deter-
mined.

Results Many of the manufacturing process steps produced significant reduction
in the scrapie agent. Particularly effective were steps such as ethanol fractionation,
depth filtration, ion-exchange and copper chelate affinity chromatography. Virus
retentive filters, of nominal pore size 15 or 20 nm, removed >3 log. The total cumu-
lative reduction capacity for individual products was estimated to range from 7 to
14 log. In the case of factor VIII (8Y), the total removal was limited to 3 log.

Conclusion All the processes showed a substantial capacity to remove the TSE
agent. However, this was meore limited for the intermediate purity factor VIII 8Y
which included fewer manufacturing steps.

Key words: biosafety, manufacturing steps, plasma products, TSE agent removal, vCJD.

Introduction

transmission, from asymptomatic carriers, could potentially
occur via blood components or plasma products {4). Con-

Transmissible spongiform encephalopathies (TSE) are rare
neurodegenerative diseases of humans and other animals
(1, 2). The emergence of bovine spongiform encephalopa-
thy (BSE) in the UK in 1986 gave cause for concem in view
of the possibility of transmission to humans. This proved to
be a reality when the first cases of the human form of this
disease, known as variant Crentzfeldt-Jakob disease (vCID)
was recognised in 1995 (3). The establishment of this dis-
ease in humans raised the possibility that human-to-human

Correspondence: Peter Roberts, Bic Products Laburaton"y Ltd, Dagger Lane,
Elstree, Herts, WDB 3BX, UK
E-mail: peter.roberts@bpl.cok

cerns over this potential risk for plasma products derived
from Jarge numbers of donorts led the Department of Health
for England to switch in 1999 from UK plasma to US
plasma for fractionation by the Bio Products Laboratory
Ltd (BPL, Elstree, UK). This was seen as an immediate safety
measure to reduce the theoretical transmission risks given
that vCJD appears to be essentially absent in the US apart
from cases that have arisen outside the country.

In the case of plasma products, there has been no clear
evidence for the transmission of vCID disease (5). However,
there have been four likely cases of transmission by cellular
blood products (6). In addition, a subclinical case of vCID
infection has also been identified by finding PrP5® in a
patient’s spleen at post-mortem (7, 8); the patient had
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received intermediate purity factor VIII (8Y) manufactured
from plasma derived from UK plasma amongst other risk
factors.

While there is data available for some plasma products to
show that the manufacturing processes are generally able
to'remave TSE agents (9, 10), there are no data available for
the products manufactured by BPL. In the current study,
the removal of the model TSE agent scrapie by the manu-
facturing processes used for BPL's plasma-derived products
(i.e. albumin, immunoglobulin and coagulation factors) has
been investigated. Some of these manufaciuring processes
were in use when these products were originally derived
from UK plasma, whilst others were developed after the
transfer to US plasma. The experimental approach used
involved spiking individual process steps of small-scale
process models with scrapie brain extract and determining
the amount of protease K-resistant prion protein (PrP5%)
present before and after the process step. The data obtained
can help to assess the vCJD risk from UK plasma-dedved
products during the 1990s when the epidemic was at its
highest.

Materials and methods

Spike material

The 263K hamster adapted strain of the scrapie agent was
used. A brain extract was prepared from inoculated ani-
mals in the late phase of the disease by homogenisation in
phosphate buffer saline (PBS). At this stage, this material
typically had an infectivity titre of about 107-10% ic
LDg; units/m) in hamsters. From this, a microsomal
extract was prepared based on the method described by
Millson et al. {11). This procedure has been shown to pro-
duce a preparation centaining essentially fragmented
endoplasmic reticulum and ribosomes. This was carried
out by Dounce homogenisation of infected brain tissue in
PBS followed by centrifugation at 10 000 g for 7 min to
remove cells, organelles and large aggregates. This was
then further centrifuged at 100 000 4 for 1 h, and the pel-
let resuspended in PBS and stored at —~70°C.

This type of spike was chosen as a compromise between
a simple crude brain homogenate that contains significant
amounts of high molecular weight host material and exten-
sively purified scrapie agent which can tend to aggregate.
To minimise the size of the scrapie agent fragments present
in the preparation, the material was extensively sonicated,
based on the method deseribed by Yunoki e &/, (12), to
Eive a particle size of about 100 nm. This was carried out
immediately before use using a probe sonicator [Bio 70;
Ultrasonic Engineering, Middlesex, UK) with settings of
Operation 5, Sonics 3 and Amplitude 100, Treatment was
carried out for 5 min on ice.

Process intermediates

Process intermediates for each of the relevant plasma prod-
ucts {Fig, 1) were provided by the production department
at BPL. The BPL products evaluated were as follows:

- Albumin (Zenalb® 4-5, 20) [13), Subcutaneous (Subgam®)

and Intravenous Immunoglobulin (Vigam®-S & Liquid,
Gammaplex®) (14, 15), Factor VHL/Von Willebrand Factor
(VWEF) (Dried factor VII fraction type 8Y, Optivate®
(16, 17) and Factor IX (Replenine®, Replenine®-VF) (18),

Process models

Small-scale models of the manufacturing process (Fig. 1,

Table 2~5) were used for evaluating reduction in the scra-

pie agent. The models were a direct physical scale-down of
the full-scale pracess. Prior to the scrapie agent spiking

studies, runs were carred out with product intermediate

alone to ensure that the appropriate process parameters

such as product yield and activity were within those

defined for the full-scale manufacturing process. In all

cases, the intermediates used were obtained from the BPL

production department, before spiking with scrapie brain

extract and subsequent processing. Samples were taken

after spiking and at the end of the process step and stored
at —70°C before assay.

Albumin

Cryoprecipitation was carried out by spiking pooled plasma
{133 ml) with 7 ml of scrapie agent. This was frozen at
=70°C as a thin layer and then stored at —10 to ~20°C. The
material was then crushed and transferred to a prechilled
reaction vessel at 0-2°C and stirred for 30 min. The eryo-
precipitate was collected by centrifugation at 5600 g for
4 min in a swing-out totor at 3°C. The superatant was
tien poured off, and the precipitate suspended in 20 ml of
PBS.

For the Celite treatment step, 6 g of Celite was added to
1100 g of cryosupernatant {CPS), mixed for 150 min at 3°C
and then clarified through a Seitz depth filter (K250C). This
material was used to precondition a new Seitz depth filter,

Cryosupernatant

[ Zenat®

I"[_Reglenine™ 1 [ &v¢ | [Opiate’]

Fig. T Flow diagram for the manufacture of plasma products: *immuno-
globuins, *albumin, Factor IX, *factor VIIl, Further details are given in
Tables 1-4.

® 2012 The Author(s}
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This was followed by filtration of a further 103 g of
cryosupernatant spiked with 11 g of scrapie agent and
treated with 06 g Celite at 1'5 bar. Ethanol fractionation
was then carried cut by the Kistler-Nitschmann process
(13, 19). The A + 1 precipitation step was carried out by
spiking 133 ml of Celite treated infermediate with 7 ml of
scrapie agent. This was then transferred to a prechilled
reaction vessel, mixed, and cold ethanol added overan8 h
period to reach a final concentration of 19% (v/v) at ~5°C.
The mixture was allowed to mature over a 6 h period before
being collected by centrifugation at 5600 g in a swing-out
rotor for 9 min at —5°C. The A + 1 supernatant was dec-
anted, and the pellet resuspended in 20 ml of PBS.

Fraction IV precipitation was carried out by taking
133 ml of A + 1 supernatant and spiking with 7 ml of scra-
pie agent. This was added to a prechilled reaction vessel,
mixed, and ethanol added over a 10 h period to give a final
concentration of 40% (v/v) at —5°C. After maturation for
6 h, the material was centrifuged at 5600 g for 16 min at
—5°C in a swing-out rotor, and the supernatant retained.
This was assayed directly, that is, without including a fur-
ther depth filtration step. For the fraction V depth filtration
step, a Cuno Zeta Plus BioCap 90LPZ depth filter (Beckman
Coulter, High Wycombe, UK) was conditioned with 210 g
of fraction V solution at pH 7-4. This was followed by filter-
ing 98 ¢ of fraction V spiked with 11 g of scrapie agent at
9°C and 1-5 bar, and the filtrate collected.

The final polishing step was carried out by chromate-
graphy using DEAE-Sepharose fast flow (GE Healthcare
Life Sciences, Little Chalfont, UK) on a 25 ml column
(12 ¢m height) at 7°C. After equilibration with buffer at pH
4-6, 300 ml of redissolved and diafiltered fraction V precip-
itate, spiked with 10 mi of scrapie agent, was applied. The
flow-through albumin containing fraction was retained.

The final sterile filtration step was evaluated by spiking
99 g of final formulated 20% albumin with 11 g of scrapie
agent. This was then filtered through a 0-2 pm Pall Ultipore
or Millipore Durapore polyvinylidine floride filter (9 cm?)
at room temperature and a pressure of 1-8 bar,

Immunoglobulins

The manufacturing process for the intravenous immuno-
glebulins Vigam and Gammaplex and the subcutaneous
immunoglobulin Subgam was essentially similar except for
the addition of a terminal virus filtration step in the case of
Gammaplex. The cryoprecipitation, Celite treatment and
A + 1 precipitation steps were as described for albumin.
For the B + 1 precipitation step (13, 19), 133 ml of redis-
solved A + 1 precipitate was spiked with 7 ml of scrapie
agent and transferred to a chilled reaction vessel and stir-
ted. Ethanol was slowly added, with stirring, over an 8 h
period to give final conditions of 17% (v/v) pH 5-1 and

© 2012 The Author(s)
Vox Sanguinis © 2012 International Society of Blood Transfusion
Vox Sanguinis (2012)

—3°C, This was then left for a further 7 h before centrifuga-
tion at 5600 g in a swing-out rotor for 7 min at —5°C. The
precipitate was then resuspended in 20 ml of PBS. A further
depth filtration step was not included.

The fraction II depth filration step was tested by condi-
tioning a Cuno Zeta Plus BioCap 60LPZ depth filter with
400 g of redissolved fraction II paste pH 6. This was then
followed by 97 g of intermediate spiked with 11 g of scra-
pie agent at 10°C and 1 bar, and the fHitrate collected.

The DEAE-Sephadex adsorption step was carried out
using 98 g of fraction II solution at pH 6-7, which was
spiked with 5 ml of scrapie agent at 8°C. DEAE-Sephadex
was then added (3 g/g protein) and mixed for 1 h before
the gel was removed under vacuum, using a sintered fun-
nel, and the filtrate collected.

For the CM-5epharose chromatography step, 80 g of sol-
vent/detergent-treated and soybean oil extracted interme-
diate at pH 4-0 was spiked with 4 ml of scrapie agent at
10°C. After loading and washing the column, the IgG was
eluted using 0-17 M sodium chloride, 0-02 M sodium acetate
and 0-08 M glycine at pH 90, and the peak fraction col-
lected.

Virus filtration was carried out using 118 ml of CM-
Sepharose eluate spiked with 2 ml of scrapie agent. This
was prefiltered through a Pall DVD filter before virus filtra-
tion through a 0:001 m? Pall DV20 filter at 2-3 bar at room
temperature.

Factor IX

The cryoprecipitation and DEAE-Sepharose steps were as
described for albumin and immunoglobulins. For the cop-
per-charged chelating Sepharose chromatographic step,
110 ml of solvent/detergent-treated intermediate was
spiked with 7 ml of scrapie agent. This was then loaded on
to a column of 31 ml bed volume (16 cm bed height) and
washed sequentially with citrate buffers containing 100~
500 mm sodium chloride at pH 65, pH 7-0, pH 4-4 and pH
7-0. Finally, the factor IX was eluted with 10 mm sodium
citrate, 14 M citric acid, 10 mm sodium phosphate, 100 mm
sodium chloride and 20 mm glycine pH 7-0, and the peak
fraction collected.

In the case of Replenine-VF, an additional virus filtration
step was included in the process. Copper chelate column
eluate (66 ml) was spiked with 4 ml of scrapie agent that
had been treated with detergent (1% Sarkasyl). In some
experiments, solvent/detergent (1% polysorbate 80 and
0-3% tri-A-butyl phosphate) was also added to the Reple-
nine intermediate. Virus filtration was carried out using an
Asahi Planova 15 N filter of 0001 m? at 1 bar. This was
followed by 28 ml of 10 mu sodium citrate, 10 mm sodium
phosphate, 100 mm sodium chloride and 20 mwm glycine pH
7-0 wash,
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Factor VIII

The cryoprecipitation step was as desciibed for albumin.
The heparin precipitation was tested by spiking 175 ml of
cryosupernatant spiked with 9 ml of scrapie agent at 25°C.
Heparin was then slowly added to reach a firal concentra-
tion of 88 mg/100 g. After mixing for 2 min, the solution
was centrifuged at 5000 g for 10 min in a swing-out rotor,
and the supernatant retained. A sample of the heparin
supernatant was then mixed at 25°C and glycine/saline
buffer pH 7-0 added. This was further mixed for 5 min, cen-
trifuged at 5600 g for 30 min in a swing-out rotor, and the
precipitate redissolved in tris/citrate buffer at pH 69 and
30°C,

The Sephadex G-25 column step was tested using a
100 ml column {50 cm bed height). This was loaded with
18 g of redissolved heparin precipitate spiked with 1 ml of
scrapie agent and eluted with tris/citrate buffer pH 69 con-
taining 0-1 M sodium chleride and 1-5% of sucrose, and the
peak fraction collected.

In the case of Optivate, 80 ml of solvent/detergent (1%
polysorbate 20 and 0-3% tri-V-butyl phosphate)-treated
redissolved glycine saline precipitate was spiked with 4 ml
of scrapie agent. This was then loaded onto an 80 ml col-
uman (15 cm bed height} cation-exchange column, This was
then washed with low salt tris/citrate buffer pH 65, before
elution with the same buffer containing 1-1 M sodium chlo-
ride, 5 mwm calcium chloride and 0:1% polysorbate 20,

Spiking studies

Process intermediates were spiked with scrapie agent as
described above. The relevant process model was then per-
formed. Samples taken before and after the step were then
assayed for PrP*C by Western blotting as described below.
" Samples to be compared were run on the same gel to mini-
mise any between-assay variation and thus ensure the best
comparison. The PrP5C titres were expressed as a reciprocal
of the dilution end-point and, after corzection for the total
volume assayed and the volume of the intermediate, used
to determine the total PiPC titre. The log reduction value
was calculated by subtracting the total log PrP5C remaining
after the treatment step from that present at the start. All
reduction values were considered significant unless rela-
tively smal], that is, below three-fold/0-5 log.

Western blot assay

The PrPSC titre was determined by a Western blot method
based on that described previously (20, 21}. This method
relies on the difference in susceptibility of the resistant
infectious (PrP*) and normal (PrPY) forms of the prian pro-
tein to protease digestion. In some experiments, the samples

were prepared by treatment with sodium phosphotungstate
to precipitate the PrP5%. This process was also used to
reduce the level of the host cell background in the Western
blotting assay and to concentrate the PrPSC present in the
sample. The samples were adjusted to neutral pH and
digested with an optimised concentration of Protease K to
remove any normal PrP® that might be present. A three-
fold dilution series of each sample were then prepared,
denatured and subjected to polyacrylamide gel electropho-
Tesis, After electrophoresis, the proteins were transferred lo
a polyvinylidene fluoride (PVDF) membrane, washed, and
the protein bands detected using the PrP-specific monoclo-
nal antibody 3F4 (22) followed by alkaline phosphatase
conjugated secondary antibody. The PrP5‘-specific bands
were identified by reference to the bands present in a con-
trol scrapie brain extract sample. The end-point was taken
as the last dilution where a PrP>° band could be detected in
the test sample but was absent in the control unspiked
sample. The validity of this approach for quantifing PrpS¢
in process samples was tested in initial studies as outlined
in Fig, 2.

Results

Western blot assay for PrPS¢

The suitability of the Western blot method for evaluating
the capacity of the various manufacturing process steps to
remove PrP5® was initially tested using samples taken from

(a) 5 (c) (d) (e)
PrPscﬂ.ll.I

PSC

— 40k
— 30k
— 20k

Fig. 2 Evaluation of assay for PrP>* removal by Western blotting in
process samples from the Heparin Sepharose chromatography step of the
Factor X[ process. Intermediate was spiked 1:50 with scrapie, and Heparin
Sepharose added at 4°C and mixed. The gel was then transferred to a
chromatography column and washed with buffer at pH 7. The product was
then eluted using phosphate buffer at pH 64 containing 2 m sedium
chtoride. Samples were digested with protease K, denatured, ren on a
polyacrylamide gel and transferred to a PVDF membrane. After washing,
P¢P5C bands were detected using labelled 3F4 antibody. (a) Miczosomal
extract of scrapie infected hamster brain, three-fold dilution series.

{b) Nonspiked process intermediate showing column load, wash and
proaduct eluate, respectively. (c) Spiked column load, three-fold dilution
series. (d) Spiked column flow-through, three~fold dilution series, (e}
Spiked column eluate, three-fold dilution series. The position of the main
protease resistant prion protein band {P+P%) is indicated, together with
melecular weight markers of 40, 30 and 20 kD.

© 2012 The Author(s)
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the chromatographic manufacturing process for factor XI
as an example (Fig. 1). The protease K-treated samples,
including a microsomal scrapie brain extract and spiked
process samples, showed a series of bands in the molecular
weight range of about 20-20 K as expected for the PrP5¢
protein. The three-fold dilution series showed that the
intensity of the major band decreased proportionally
with sample dilution. This thus allowed the quantitation of
PiP% by end-point dilution and enabled a titre to be calcu-
lated. While a PrPSC reactive band was apparently detect-
able in all undiluted samples of the unspiked column load,
flow-through and product eluate, this did not co-migrate
with the PrPSC bands themselves. The PrPSC protein could
be detected and quantified in the column load and flow-
through fraction, However, the PrPSC band was absent from
the product eluate fraction. When fraction volume is taken
into account with the PrP5C titre/ml, the total PrP>C/frac-
tion could be determined. From this, the total removal by
the process could be calculated. In this case, the Heparin
Sepharose process removed about 2:7 log of scrapie agent
PrPSC.

Albumin

The removal of scraple agent PrP5C during the various

manufacturing steps of the Zenalb process is shown in
Table 1. Several steps had some (2 log) capacity to remove
the scrapie agent. However, depth filtration of fraction V
and ion-exchange chromatography were particularly effec-
tive (3—4 log). Because TSE agents have been shown to
mainly partition into precipitate fractions {9, 10), the frac-
tion V precipitation step, in which the precipitate is
retained, was not tested. Given the relatively mild condi-
tions used for the terminal pasteurisation, namely, 60°C for

Table 1 The removal of scrapie agent from Albumin: Zenalb®

Total PeP5 (log)

Process Step” Initial Final Removal
Cryoprecipitate Supernatant 76 76 00
Celite Treatment 56 41 15
Fraction A + 1 Supernatant 73 48 25
Fraction IV Supernatant 78 54 2-4
Fraction V Precipitate ND ND ND
Fraction V Depth Filtration 62 34 2:8
lon-Exchange Chromatography 66 31 35
Sterile Filtration 48 39 09
Pasteurisation ND ND ND
Total® 136

*Qriginally manufactured from UK plasma and later from US plasma.
bBassuming all steps are additive.
ND, Not determined.

© 2012 The Author(s)
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10 h, this step was considered unlikely to cause the direct
inactivation of TSE agents by denaturing the PrP®C protein.
In addition, this step will have no capacity for TSE removal
and thus was not tested. The log reduction obtained for the
most efficient step in the manufacturing process was 3-5
log. The reduction value for the total process, assuming that
all the steps are additive, was 13-6 log.

Immunoglcbulins

For intravenous (Vigam and Gammaplex) and subcutane-
ous (Subgam] immunoglobulins, there were four steps in
the basic process with some capacity (1-2 log) to remove
the scrapie agent PrP5C (Table 2). The fraction II precipita-
tion was not tested as again this step was thought unlikely
to contribute to the removal of the TSE agent as the pre-
cipitate is collected in this case. The log reduction
obtained for the most efficient step was 19 log and for
the total process, as estimated by the addition of all the
process steps, was about 68 log. The solvent/detergent
and terminal low pH incubation steps were not tested in
view of the known high resistance of the scrapie agent to
inactivation/denaturation and the absence of any capacity
for removal by these procedures. In a further development
of this product, Gammaplex, a 20 nm virus filtration step
was introduced, and this was able to remove »2'6 log of
the scrapie agent, with that estimated for the entire pro-
cess being >9-4 log.

Table 2 Removal of scrapie agent from Immunoglobulins: Vigam®,
Subgam® and Gammaplex®

PePSE Removal (log)

Proeess Step Vigam®, Subgam® Gammaplex®
Cryoprecipitate Supernatant 00 00
Celite Treatment 15 15
Fraction A + 1 Precipitate 0 0
Fraction B + 1 Supernatant 14 10
Fraction || Precipitate ND ND
Fraction Il Depth Filtration 06 06
DEAE-Sephadex Adsorption 1-8 18
Solvent/Detergent ND ND
CM-Sepharose Chromatography 19 19
Virus Filtration NA »>26
Terminal Low pH Incubation ND ND
Total® 68 >94 -

*The freeze-dried form of this product {Vigam -S) was originally manu-
factured from UK plasma and the later liguid form (Vigam liquid) from US
plasma.

®Manufactured from US plasma.

“Assuming all steps are additive.

ND, Not determinged; NA, Not agplicable.
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Factor IX

The Replenine manufacturing process contained two signif-
icant steps of 2 to >3 log for removing the scrapie agent
(Table 3). The copper chelate affinity chromatography step
was particularly effective. OF the total PrP*C ‘that was
applied to the column, about 20% was detected in the flow-
through, and the remainder was most likely to have bound
to the column and been removed during the column recy-
cling process. The factor IX process was later modified to
include an additional 15 nm virus filtration step, and this
was also tested. In this case, the scrapie brain extract spike
was used either in the absence or presence of solvent/deter-
gent as a potential theoretical worst case. PrES® removal by
the filter was similar in hoth cases, with a mean of >2-9 log,
The log reduction cbtained for the most efficient step in the
process was >3-4 log with the estimate for the entire process
being >8-1 log.

Factor VIII

Given that the heat treatment step was only carried out at
80°C, this step was considered unlikely to cause the direct
inactivation of TSE agents by denaturing the PrP%¢ protein.
In addition, this step will have no capacity for TSE removal
and thus was not tested for either of the products. The inter-
mediate purity factor VI product 8Y contained two steps
each with a scrapie agent PrP*C removal capacity of about
1-5-2 log (Table 4). The reduction for the most effective
step in the 8Y process was 18 log with the total for the
complete process estimated as up to about 3-3 log. In the
case of the factor VIIL/'VWF concentrate Optivate, the addi-
tion of a cation-exchange chromatography step provided
an extra 4 log of PrP5¢ remaoval, giving a total of up to 7-4
log for the complete process.

Table 3 Removal of scrapie agent from Factor IX: Replenine® and Reple-
nine®-VF

PrPSC Removal (log)

Process Step Replenine® Replenine-VF®
Cryoprecipitate Supernatant 00 o0
DEAE-Sepharose Adsorption 1g¢ 184
Solvent/Detergent ND ND

Copper Chelate Chromatography >3-4 »34

Virus Filtration NA 29

Total® 52 >81

*Manufactured from UK plasma.

bManufactured from US plasma.

“Assuming all steps are additive.

Halue estimated from the DEAE step used in the IgG process (Table 2).
ND, Not determined; NA, Not applicable.

Table 4 Removal of scraple agent from factor Vill; 8Y® and Optivate®

PriPSC Removal (log)

Process Step 8Y* Optivate®
Cryoprecipitate 1-5 15
Heparin Supernatant 18 18
Glycine/5Saline Precipitate. o1° 01°
Sephadex G-25 Chromategraphy <0-3° NA
Solvent/Detergent NA ND
lon-Exchange Chromatography NA 41
Dry-Heat Treatment ND ND

Total 33 74

*Originatly manufactured from UK plasma and currently from US plasma.
®Manufactured from US plasma.

“Excluded from total.

ND, Not determined; NA, Not applicable.

Discussion

Following the emergence of vCID in the human population,
there have been up to four possible cases of transmission
by cellular blood products (6). However, in the case of
plasma products, there has been no clear evidence for any
vCID transmission by this route (5). However, a possible
subclinical case of this disease has since been identified
after finding PrP®° in a patient’s spleen at post-mortem. In
this case, PrP°C was detected at a low level and only after
repeated testing (7). Whilst it has been proposed that this
possible case of vCID transmission may have been due to
treatment with the intermediate purity factor VIII 8Y, the
patient had other associated risk factors including having
received blood components and invasive procedures (8]
The existing prevalence estimates for vCID in the UK popu-
lation are based on testing large numbers of appendix or
tonsil tissue for PrPC. In those cases where positive or pos-
sible positive cases have been found, the prevalence esti-
mates calculated were one in 9160 (23) or three in 12 674
(24). However, in other studies, no cases were detected (25,
26), giving a prevalence of 0 in 32 661 (26).

Transmissible spongiform encephalopathy agents are
highly resistant to both the physical and chemical methods
that are commonly used for inactivating the viruses that
are potentially transmitted by plasma products (27-29).
Thus, the elimination of any TSE agents that may be pres-
ent must rely on the standard partitioning steps present in
the manufacturing process. Fortunately, the characteristic
physicochemical properties associated with the abnormal
prion protein Pre%S, such as low solubility, tendency to
aggregate and bind to surfaces, make it likely that it can be
removed by these partitioning steps (30). Indeed, this has
been shown to be the case in several experimental studies
with plasma products (9, 31).

© 2012 The Author{s)
Vox Sanguinis ® 2012 International Society of Blood Transfusion
Vox Sanguinis (2012)
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In the current study, the removal of a representative TSE
agent during the manufacture of a range of plasma prod-
ucts manufactured by BPL has been investigated by Wes-
tern blotiing for PrP°® using the 263K strain of scrapie
{Table 5). An extensively sonicated microsomal fraction
was used to ensure that the TSE agent was likely to be of 2
relatively small size and thus to represent a worst case in
terms of TSE clearance (12, 32). The form/size of the TSE
agent in the spike, for example, after detergent treatment,
could in theory also effect virus removal (33). However, the
inclusion of solvent/detergent and the use of a Sarkasyl-
treated spike did not influence PrP** removal on filtration
with factor IX. Similar findings have been reported for
other plasma products (33). Other siudies have shown that
there is a good cormrelation between the results of clearance
studies based on Western blotting and those determined by
bioassays (34-36, 38). Nevertheless, this is a model system,
and it can only be assumed that the results apply to other
TSEs and vCID. Whilst animal-based infectivity assays
remain the gold standard for assessing the removal of TSE
agents by manufacturing process, initial evaluations based
on the removal of PrPS© by Western blotting (37) have
proved useful. In the current study, the contribution made
by each process step for removing PrP*¢ in each product
has been determined. To summarise the results for each
product, the results from each process step have been added
together. However, while this additive approach is com-
monly used, there is evidence that it may in some cases lead
to an overestimate of the true total removal capacity (9).
This effect may be due to the spike material remaining from
a process step being more resistant to removal by a subse-
quent step. Although the removal by a complete manufac-
turing process can really only be determined by testing all
the steps in sequence after a single initial spike, the avail-
ability of TSE spike material of sufficiently high titre can
make this difficult.

Table 5 Removal of scrapie agent from plasma products: Summary

PrPSC Removal [log)

Product Maximum Individual step Total Process
Alburin

Zenalo® 35 136
Immunaglobulin

Vigam®, Subgam® 19 &8

Gammaplex® >26 >9-4
Factor IX

Replenine® >34 =52

Replenine®-yF >34 >81
Factor VI

aY® 18 33

Optivate® 41 74
© 2012 The Author(s)

Vox Sanguinis © 2012 International Society of Blood Transfusion
Verx Sanguinis (2012)

In the case of the albumin process, the cryoprecipition

step, in which the supematant is retained, was shown to

have no significant capacity to remove the scrapic agent.
This is in agreement with the results found by others where
the TSE removal capacity of this step has generally been no
more than about 1 log (32, 38, 39). The effect of treatment
with a filter aid such as Celite has not been reporied previ-
ously. In the current study, this procedure had a significant
capacity to remove the scrapie agent by about 1-5 log.
The two ethanol fractionation steps, fracton A + 1 and IV
precipitation, each had a removal capacity of about 25
log. These steps have been shown previously to have a
reduction capacity of about 2-5 log (9, 33, 34, 39).

The depth filtration step had a reduction capacity of 3
log, in agreement with previous findings of 2-3 log for
this procedure (9, 33). The reduction resulting from the
ion-exchange chromatography step was substantial and
similar to that reported in other studies of about 2-4 log
(9, 33, 39). It has also been noted previously that depth
filtration can remove TSE agents {21, 33, 39, 40). How-
ever, the type and grade of filter, as well as the nature
of the intermediate involved, can influence how effective
this process can be. It has been postulated that at an
early stage of manufacture when a much broader range
of proteins are present, such filters are less likely to be
completely effective for removing TSE agents (9). In our
case, the albumin intermediate used was relatively pure
(>95%), and the scrapie agent was removed by about 3
log. The final sterile filtration step (0-2 um) also showed
some capacity for scrapie agent removal. This is likely
to be due to a proportion of the prion protein existing
in an aggregated form.

In the case of immunoglobulin, scrapie removal by the
depth filtration step was, in comparison with albumin, more
limited. In the case of Gammaplex, a virus filtration step
(20 nm) proved very effective for removing the scrapie
agent. Virus retentive filters, particularly where the smallest
pore size available is employed, have proved effective for
removing TSE agents from varlous plasma products (41)
including immunoglobulin (36, 42, 43).

In the factor IX process for Replenine-VF, the ion-
exchange adsorption step and the copper chelate affinity
chromatography step were also shown to be effective for
removing the scraple agent. Whilst this type of affinity
chromatography step has not been tested before, other
affinity methods, for example, immunoaffinity, have been
shown to be effective for removing TSEs (9, 44). The
remeval of the scrapie agent by the copper column is con-
sistent with the known affinity of the prion protein for cop-
per ions (45). However, as factor IX itself also binds to
copper, there must be a differential binding mechanism in
operation for these two components under the chromato-
graphic conditions used. As expected, the inclusion of a
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15 nm virus filtration step further increased the scrapie
removal capacity for this product.

In the intermediate purity factor VIII 8Y process, the hep-
arin precipitation step contributed to TSE removal. Heparin
treatment, as a chromatography process, has also been
shown to be effective for TSE removal (35). However, the
glyciné precipitation step, as observed previously (32), con-
tributed relatively little to removal. The G-25 Sephadex
chromatography size-exclusion column step, as expected,
leads to little removal of the scrapie agent. The gly-

cine/saline precipitation step, in which the precipitate is

retained, did not contribute to TSE removal. However,
it has been reported that this step may be capable of remov-
ing about 1-2 log of TSE (35) even though TSEs generally
are found in the precipitate fraction, Overall, the total TSE
removal estimated by addition was relatively limited at a
total of 3-3 log, with the best step contributing 1-8 log. The
higher purity factor VIII product Optivate contained an
additional cation-exchange chromatography step which
substantially increased TSE removal by a further 41 log.
Previous studies have shown a DEAE-based anion-
exchange chromatography step to be capable of removing
2-4 log of TSE agent during the manufacture of factor VIII
products {33, 39).

The current study has demonstrated that substantial TSE
removal was obtained with each of the different types of
products tested. TSE removal was generally greater when
multiple process steps are involved in the manufacturing
process. However, some steps, such as ethanol fraction-
ation, depth filtration, affinity or ion-exchange chromatog-
raphy, were pariicularly effective. For newer products
where a virus filtration step has been included, principally
with a view to increasing virus safety, this step was also
shown to be particularly effective for removing TSE agents.
This type of approach is generally applicable o many
plasma products. However, even these filters probably have
a finite capacity of about 3 log for removal when very high
TSE loads are involved (12, 46). This and previous studies
have generally shown the effectiveness of many manufac-
turing process steps for removing TSE agents from plasma
products (9, 10, 47). However caution is needed when inter-
preting such spiking studies because the exact nature of the
prion in blood is still not fully understood. It has been
found that only a small amount of infectivity is associated
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A New Phlebovirus Associated with Severe
Febrile Illness in Missouri

Laura K. McMultan, Ph.D., Scott M. Folk, M.D., Aubree |. Kelly, M.S.,
Adam MacNeil, Ph.D., Cynthia S, Goldsmith, M.G.S., Maureen G. Metcalfe, B.S.,
Brigid C. Batten, M.P.H., César G. Albarifio, Ph.D., Sherif R. Zaki, M.D., Ph.D.,
Pierre E. Rollin, M.D., William L. Nicholson, Ph.D., and Stuart T. Nichal, Ph.D.

SUMMARY

Two men from northwestern Missouri independently presented to a medical facil-
ity with fever, fatigue, diarrhea, thrombocytopenia, and leukopenia, and both had
been bitten by ticks 5 to 7 days before the onset of illness. Ehtlichia chaffeensis was
suspected as the causal agent but was not found on serologic analysis, polymerase-
chain-reaction (PCR) assay, or cell culture. Electron microscopy tevealed viruses
consistent with members of the Bunyaviridae family. Next-generation sequencing
and phylogenetic analysis identified the viruses as novel members of the phlebovirus
genus, Although Koch’s postulates have not been completely fulfilled, we believe
that this phlebovirus, which is novel in the Americas, is the cause of this clinical
syndrome.

HE PHLEBOVIRUS GENUS CONTAINS MORE THAN 70 ANTIGENICALLY DIS-
tinct viruses, which are divided into virus complexes according to whether
they are borne by sand flies, mosquitoes, or ticks.? Sand-fly-borne viruses

are found in the Americas, Asia, Africa, and the Mediterranean region, and infec-
tion with these viruses commonly results in a self-limiting 3-day fever, with the
exception of Toscana virus, which can cause aseptic meningitis.> The prototype
mosquito-borne phlebovirus is Rift Valley fever virus, which causes large-scale
epizootics; human infection is often a selflimiting febrile iliness that can progress
to hepatitis, encephalitis, or hemorrhagic fever.? The only tickborne phlebovirus
known to canse human disease is severe fever with thrombocytopenia syndrome
virus (SEFTSV), which was recently identified in central and northeastern China.*

CASE REPORTS

PATIENT 1

Patient 1 was a healthy 57-year-old man who lived on a 70-acre farm in northwestern
Missouri. In early June 2009, he noticed a small nymphal tick embedded on his
abdomen. The tick was subsequently removed with tweezers, Thete was no rash or
localized itching, The following day, fever developed, which was followed by severe
fatigue, headache, anorexia, nausea, and nonbloody diarrhea. Four days later, he was
admitted to the hospital with a temperature of 37.9°C, which increased to 39.1°C the
next day. Laboratory tests revealed a low white-cell count of 1900 cells per cubic -
millimeter, a low platelet count of 115,000 cells per cubic millimeter, and a low
sodium level of 132 mmol per liter. Serum levels of liver aminotransferases were
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slightly elevated, with an alanine aminotransfer-
ase leve] of 57 U per liter and an aspartate amino-
transferase level of 44 U per liter. The serum level
of C-reactive protein was elevated at 2.9 mg per
deciliter. (Laboratory details are provided in Ta-
ble S1 in the Supplementary Appendix, available
with the full text of this article at NEJM.otg)

The patient was hospitalized for 10 days, There
was progression from moderate to severe throm-
bocytepenia, with a nadir of 37,000 cells per: cubic
millimeter on day 5 and 40,000 cells per cubic
millimeter on days 6 and 7. Leukopenia contin-
ued throughout the hospitalization, with notable
lymphopenia and mild neutropenia that pro-
gressed to moderate neutropenia on day 7 (Fig.
14). Band forms were detected on days 2 and 8.
An erythrocyte sedimentation rate was within
the normal range at 9 mm per hour, and the
erythrocyte count and hemoglobin were unre-
matkable and stable, The hematocrit was slight-
ly low during hospitalization (Fig. 1C). The pro-
thrombin time and partial-thromboplastin time
were normal.

Serum hepatic aminotransferase levels in-
creased and peaked, with an alanine amino-
transferase level of 315 U per liter and an aspar-
tate aminotransferase level of 431 U per liter on
day 8 (Fig. 1B). Serum alkaline phosphatase levels
rose within normal limits and peaked at 101 U
pet liter on day 9. Levels of creatinine and blood
urea nitrogen remained normal. Urinalysis showed
trace protein and 1+ ketones and was otherwise
normal. Serum albumin levels were low, and se-
rum sodium and calcium levels were mildly low.

On the second day of hospitalization, blood was
sent to the Rickettsial Zoonoses Branch of the
Centers for Disease Control and Prevention (CDC)
and was subsequently shown to be negative for
E. chaffeensis, E, ewingii, and rickettsiae of the spot-
ted fever group on PCR assay. Serologic analysis
later confirmed negative results of IgM and IgG
assays for the spotted fever group and typhus. A
rapid test for influenza A and B antigens was
negative (Meridian Bioscience). Two blood cul-
tures were sterile.

The patient was empirically placed on doxycy-
cline (100 mg) intravenously twice daily for 14 days
for suspected ehtlichiosis. Nonbloody diarrhea
persisted through the fourth day of hospitaliza-
tion. Stool specimens were negative for leukocytes,
Clostridium difficile toxins, and salmonella, shi-
gella, and campylobacter species. The results of

two-dimensional echocardiography and chest ra-
diography were normal.

The patient has reported fatigue and recurrent
headaches in the 2 years since his hospitalization,
but these symptoms cannot be clearly attributed
to the viral infection. In addition, he initially had
short-term memory difficulty, which has slowly
improved, and anorexia, which resolved 4 to
6 weeks after discharge.

PATIENT 2

Patient 2 was a 67-year-old man with a 5-year his-
tory of type 2 diabetes who was otherwise healthy.
He lived on an approximately 100-acre farm in
northwestern Missouri, While on his property in
early 2009, he received an average of 20 tick bites
daily for approximately 2 weeks. He removed the
embedded ticks with his fingers and tweezers.
The last tick bite was noticed 1 week before hos-
pitalization. Approximately 4 days before hospi-
talization, subjective fever, fatigue, and anorexia
developed. Additicnal symptoms included myal-
gia, dry cough, and nonbloody diarrhea. No rash
was noted before or during hospitalization.

On hospital admission in June 2009, his tem-
perature was 38.1°C and reached 39.1°C the fol-
lowing day. Laboratory studies that were conducted
on admission showed a low white-cell count of
2100 cells per cubic millimeter, a low platelet
count of 78,000 cells per cubic millimeter, and a
slightly elevated aspartate aminotransferase level
of 54 U per liter {Fig. 14, 1B, and 1C). The serum
sodium level was slightly low at 136 mmol per
liter, as was the calcium level at 7.8 mg per deci-
liter (1.95 mmol per liter). The results of urinaly-
sis were normal,

The patient was hospitalized for 12 days. After
day 2, thrombocytopenia progressed from mod-
erate to severe, with a nadir of 34,000 cells per
cubic millimeter on days 5 and 6. Rlatelet num-
bers increased starting on day 8 and reached a
normal level by day 11 (Fig. 1C). Testing for anti-
platelet antibodies was negative. Leukopenia con-
tinued until day 10, with mild neutropenia pro-
gressing to moderate neutropenia on days 6 to
8 (Fig. 1A). Band forms were present on days 2 to
7, and lymphocytes gradually increased to a nor-
mal range by day 8 (Fig. 1A). Erythrocyte counts
and hemoglobin were within notmal limits, and
the hematocrit was slightly low throughout hos-
pitalization. The prothrombin time, partial throm-
boplastin time, and fibrinogen levels were nor-
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mal, but the serum p-dimer level was elevated, at
4.08 mg per liter.

Blood was collected on day 2 of hospitalization
and sent to the CDC. PCR results were found to
be negative for E. chaffeensis and a range of ehr-
lichia and anaplasma species. Testing that was
specific for borrelia antibody (Quesi: Diagnostics)
Was negative,

Alanine and aspartate ammotransfetase lev-
els were elevated and increased to 355 U per liter
on day 8 and 302 U per liter on day 10, respec-
tively (Fig. 1B). The alkaline phosphatase level
was temporally high on day 10 but then resumed
normal levels. Levels of creatinine and blood
urea nitrogen remained normal. Levels of serum
albumin and sodium remained low throughout
hospitalization. Low serum calciom levels in-
creased to normal by day 10. Results on chest

radiography and abdominal ultrasonography
were normal.

A bone marrow aspiration and biopsy were
performed on day 2 of hospitalization. Trilineage
hematopoiesis was detected, with less than 1%
blasts and no ringed sideroblasts. There was no-
table defective developiment of erythrocytes (dys-
erythropoiesis) and megakaryocytes (dysmega-
karyocytopoiesis). Flow cytometry confirmed 3 to
4% plasma cells with monoclonal lambda re-
striction, indicating response to infection. Cul-
tures for fungi and mycobacteria were sterile.

The patient was initizlly treated empirically
with intravenous piperacillin—tazobactam and was
switched to ceftriaxone on hospital day 2 and to
oral doxycycline (100 mg) twice daily on day 3 for
suspected ehrlichiosis. He completed a 14-day
course of doxycycline.
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After hospital discharge, the patient noted fa-

tigue, short-term memory difficulty, and anorex-
ia. All the symptoms abated after 4 to 6 weeks
and have not recurred in 2 years. Six months
after discharge, the CDC confirmed the patient
was negative for E. chaffeensis and Anaplasma
phagocytophilum on IgG assay.

METHODS

CLINICAL SPECIMENS AND VIRUS CULTURE
EDTA-treated blood was collected and leuko-
cytes separated with the use of Ficoll histopaque
gradients and inoculated onto the canine mono-
cyte cell line DH825 Adherent and nonadherent
cells were examined with the use of a modified
rapid Wright-Giemsa stain (DifEQuik). Culture
supernatant was collected and transferred to
Vero B6 cells and LLC-MK2 cells for virns propa-
gation.

VIRUS GENOME SEQUENCING

Total RNA was extracted from infected cell cul-
ture media with the use of TriPure (Roche) and
RNeasy (Qiagen) columns and nonspecifically am-
plified by means of random primers in a one-step
reverse-transcriptase PCR. reaction (SSIII RT-
Platinum Taq HiFi Enzyme Mix, Invitrogen).
Complementary DNA products were sequenced
by means of next-generation sequencing (Roche
454) and analyzed with the use of bicinformat-
ics tools.® (Details are provided in the Supple-
mentary Appendix.)

RESULTS

ISOLATION OF A VIRUS FROM PATIENT LEUKOCYTES
Leukocytes were collected from both patients on
day 2 of hospitalization and inoculated onto cul-
tures of DHB2 cells. These cultures showed cyto-
pathic effects similar to early cultures of
E. chaffeensis. However, cellular vacuoles did not
contain bacterial morulae. Transfer of culture su-
pernatants onto fresh DH82 cells resulted in
similar cytopathic effects within 9 to 11 days.
Cytopathic effects were less evident but also not-
ed in Vero E6 cells 9 days after inoculation.

Studies were initiated to identify the sus-
pected virus. Thin-section electron microscopy
revealed enveloped particles averaging 86 nm in
diameter, typical of a virus in the Bunyaviridae
family (Big. 2).

GENETIC ANALYSIS OF A NOVEL PHLEBOVIRUS

Total RNA was isolated from infected culture
media and subjected to next-generation sequenc-
ing. The resulting full-length genome sequences
were found to be similar to those of phlebovi-
ruses in the Bunyaviridae family, which are single-
stranded, negative-sense RNA viruses comprised
of three genome segments. We called this newly
discovered virus the Heartland virus.

The phleboviruses share a similar genome
organization.” The L segment is 6.4 kb in length
and encodes a large RNA-dependent RNA poly-
merase. The M segment is 3.4 kb in length and
encodes a polyprotein processed into the virus
glycoproteins Gn and Ge, which are used for vi-
rion entry and assembly. The S segment is 1.7 kb
in length and encodes the nucleoprotein that en-
capsidates the genomic RNA and a nonstructural
(NSs) protein in an ambisense coding strategy.
The genomes of virus isolates from both pa-
tients were sequenced im their entirety and
found to be closely related, with 98%, 95%, and
99% identity for the S, M, and L virus segments,
respectively. The high genetic identity indicates
that both patients were infected with the same
phlebovirus strain, but the differences between
the isolates suggest that the two patients were
infected independently.

PHYLOGENETIC ANALYSIS
Phylogenetic analysis of the aligned amino acid
sequence of the polymerase, glycoprotein, nucleo-

N ENGL ) MED 367;9 NEJM.ORS AUGUST 30, 2012

The New England Journal of Medicine

Copyright © 2012 Massachusetts Medical Saciety. All rights reserved.

837

Downloaded from nejm.org atJ R C CENTRAL BLOOD INSTITUTE on October 16, 2012. For personal use only. No other uses without permission.



The NEW ENGLAND JOURNAL of MEDICINE

A Nucleoprotein

B Nss
Gul f.

Uukuniemi

Catch Me Cave

26
100

Uukuniemi

SFTSV

SFTSV

Patient 1
Patient 2
Sandfly Sicilian
Massilia

Sandfly Naples Sabin

Toscana

Punta Toro
Candiru

Rift Valley ZHS01
Rift Valley Entebbe

Patient 1
Patient 2

ﬂ[

Massilia

Sandfly Naples Sabin
Toscana

Punta Toro

Candiru

Sandfly Sicilian

00! Rift Valley ZHS01
Rift Vallay Entebbe

77
Salobo 578142 Salobo 578142
Salobo 416992 Salobo 416592
100 Joa Joa
Frijoles __ Frijoles
0.2 0.2
C Glycoprotein D Polymerase
Uukuniemni Gouleal
— SETSV SFTsV
100
100
. Patient 1
Patient 1 10
100
Patient 2
Patient 2
lLoo|
544 Uukuaiemi
Massilla
100 Massilia
Toscana oo 100
100 Toscana AR France
Sandfly Sicilian 1ao
1 Toscana Italy
loo Rift Valley ZH501
Candiru
72 .
Candiru o0 Sandfly Sicilian
200 54
Punta Toro Adames Rift Valley ZH548
100 150
Punta Toro M11156 Rift Valley ZHS01
0.2 0.2

s (SETSV), which
el A), fi nstructural protem

838

Downloaded from nejm.org at JR C CENTRAL BLOOD INSTITUTE on Qctober 16, 2012. For personal use only. No other uses without permission.

N ENGL] MED 367;5 NEJM.ORG AUGUST 30, 2012

The New England Journal of Medicine

Copyright © 2012 Massachusetts Medical Society. All rights reserved.




BRIEF REPORT

T

protein, and N5s protein suggested that the novel
virus is 2 distinct member of the phlebovirus ge-
nus, clustering with the tickborne viruses and
most closely related to SETSV*® (Fig. 3). This
relationship is distant; however, pairwise com-
parisons of the viral polymerase and nucleopro-
tein (the two most conserved virus proteins)
showed differences of 27% and 38%, respective-
ly. Greater differences are found among the
phlebovirus complexes that are borne by ticks,
sand flies, and mosquitoes, which differ by at
least 35%.

The novel virus was also distinct from an
uncharacterized bunyavirus called lone star vi-
rus, which was isolated in 1967 from a nymphal
Amblyomma americanum tick found on a wood-
chuck in western Kentucky.® Comparison of the
polymerase amino acid sequence showed that
lone star virus shared only 34% identity with the
novel virus,

VIRAL RNA AND ANTIGEN IN BONE MARROW
SPECIMEN

RNA of the novel virus was detected in bone
marrow aspirate obtained from Patient 2. Immu-
nohistochemical staining revealed the virus nu-
cleocapsid protein in large mononuclear cells
that did not resemble mature granulocytes, ery-
throid cells, or megakaryocytes. Staining was
primarily cytoplasmic and seen in association
with fragmented muclear debris, which was a
prominent finding in the biopsy specimen. No
immunostaining was seen in control bone mar-
row-biopsy specimens or in normal rabbit serum
used as a negative control (Fig. 4, and the Meth-
ods section in the Supplementary Appendix).

LONG-TERM PRESENCE OF REACTIVE G ANTIBODY

Patient serum samples were tested for the pres-
ence of antibodies reactive to the novel virus. In
October 2011, more than 2 years after the onset of
infection, blood was collected from both patients
and serum samples were tested on enzyme-
linked immunosorbent assay (ELISA) to detect
IgG reactive with virus antigen (inactivated virus-
infected cell lysate). Both serum samples were
strongly positive, with titers of more than 6400.

DISCUSSION

Although Koch’s postulates have not been com-
pletely fulfilled, our findings are consistent with
the identification of a new pathogenic virus in the

United States. This novel virus (which we called the
Heartland virus) is a distinct member of the phlebo-
virus genus and is most closely related to tickborne
phleboviruses, notably the recently isclated SFTSV.
Clinical evaluations of the illness in the two pa-
tients who are described here probably do not
reflect the entire spectrum of symptoms associated
with this virus, yet both patients had a similar clin-
ical course. Symptoms in the two patients includ-
ed fever, fatigue, anorexia, and diarrhea.
Common laboratory findings were leukopenia
with moderate neutropenia, thrombocytopenia,
and elevated hepatic aminotransferase levels. Both
patients had viremia on day 2 of hospitalization,
approximately 7 days after the onset of symp-
toms. The temporal trends in white-cell and plate-
let counts and in aminotransferase levels were also
strikingly similar between the two patients. Both
patients presented with neutropenia that continued
to decline to levels below 700 cells per cubic mil-
limeter on days 6 and 7 of hospitalization. Throm-
bocytopenia continued until day 7 for both pa-
tients. Initially, the aminotransferase levels were
only slightly elevated but spiked on days 7 and
8. After this time, there were increased levels of
circnlating neutrophils, lymphocytes, monocytes,
and platelets, and aminotransferase levels began
to notmalize. Clinical evidence did not suggest
respiratory or kidney involvement in either patient.
Many of the clinical and laboratory facets of
this illness are similar to those reported for the
tickborne phlebovirus SETSV.2 However, we did
not observe coagulation abnormalities despite a
matkedly low platelet count, whereas a minority
of patients with SFTSV infection had an elon-
gated partial thromboplastin time and thrombin
time, an elevated fibrinogen level, and symp-
toms of gingival bleeding and hemorrhage, with
fatalities from disseminated intravascular coag-
ulation and cerebral hemotrhage, 1011 There haye
been numerous reports of person-to-person trans-
mission on exposure to SETSV-infected blood,
and SFTSV has been detected in blood, throat
swabs, urine, and feces obtained from patients
with the infection.’*13 It remains to be deter-
mined whether the novel virus can be transmit-
ted from person to person, since no family
members or caregivers of either patient reported
symptoms resembling those of the patients. It will
be important to determine how patients acquire

this viral infection in order to promote risk-reduc-

tion practices,
The clinical laboratory results, symptoms, and
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occurrence of tick bite are similar to those of
chrlichiosis infections.® The novel virus should be
considered as a possible etiologic agent in these
instances, particularly when suspected ehrlichi-
osis does not improve within a few days of
doxycycline treatment.

Although we did not isolate the novel virus
from ticks, and tick specimens from the patients
were not available, one potential vector is the lone
star tick, A. americanum. Recent ecologic studies in
central and southern Missouri found that 99.9%
of captured ticks were A. americanum.* A, america-
num is abundant in northwestern Missouri and
found throughout the southeastern and south—
central United States, extending up the Atlantic

‘coast to Maine, s Both patients resided in areas

with fragmented deciduous forest and old fields,
suitable habitats for A. americanum. Studies will
be requited to determine the vector and poten-
tial hosts of this virus.

Although these two patients had severe dis-
ease, the incidence of infection with the novel
virus and range of disease severity are currently
unknown. Given the largely nonspecific symp-
toms observed, this virus could be a more com-
mon cause of human illness than is currently
recognized. Epidemiologic and ecologic studies
are needed to identify disease burden, risk fac-
tors for infection, and natural hosts of this new
virus.

The findings and conclusions of this report are those of the
authors and do not necessarily represent the views of the CDC.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

We thank Christopher Paddock and Jana Ritter for their con-
sultation on histopathological and immunohistochemical anal-
yses, Amy Denison for extraction and quality assessment of nu-
cleic acids from bone marrow-biopsy samples, Mike Flint 2nd
Anita McElroy for discussions and editorial assistance in the
preparation of the manuscript, and Ute Strohet and the Viral Spe-
cial Pathogens Branch diagnostics group for providing ELISA
data on viral IgG.
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West Nile Cases Still Rising; Death Toli Now at 134,
CDC Says

Texas continues to be epicenter of outhreak, with nearly 40 percent
of all mosquito~borne infections

By Steven Reinberg
HealthDay Reporter

WEDNESDAY, Sept. 19 (HealthDay News) -- West Nile
virus infections and deaths continue to climb, federal
health officials reported Wednesday, with a new total of
3,142 cases and 134 deaths.

This makes it one of the worst outbreaks of the mosquito-
borne disease ever to hit the United States.

While all states except Alaska and Hawaii have reported West Nile virus infections in
humans, animais or mosqguitoes, two-thirds of the human cases having been reported
from seven states -- California, Louisiana, Michigan, Mississippi, Oklahoma, South
Dakota and Texas, according to the U.S. Centers for Disease Control and Prevention.

Almost 40 percent of all cases have been reported in Texas.

Of the total number of cases, 1,630 (52 percent) have been classified as neurginvasive
disease (such as meningitis or encephalitis) and 1,512 (48 percent) have been
classified as non-neuroinvasive disease, the CDC said.

The 3,142 cases reported so far in 2012 is the highest number of West Nile cases
reported to the CDC through the third week of September since 2003,

The best way to avoid the virus is to wear insect repellant and support local programs
to eradicate mosquitoes. There is currently no treatment for West Nile virus and no
vaccine to pre’ nt it, according to the CDC. ’
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and swollen lymph glands, according to the CDC. TV elaess bibramolldcense
Although most people with mild cases of West Nile virus will recover on their own, the - SenithiewsAl HehiithBoay To

CDC recommends that anyone who develops symptoms see their doctor right away. This site comffieBikerhe HONcode
standard for trustworthy _heaith

information: verify here.
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People older than 50 and those with certain medical conditions, such as cancer,
diabetes, hypertension, kidney disease and organ transplants, are at greater risk for
serious illness.
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The best way to protect yourself from West Nile virus is to avoid getting bitten by The eHealtronre Laadership Barsart
mosquitoes, which can pick up the disease from infected birds. Avierais ace pressntad by :
aHpatthaare Skategy &
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Use insect repellents when outside.
Wear long sleeves and pants from dawn to dusk.

Don't leave standing water outside in open containers, such as flowerpots, buckets
and kiddie pools.

Install or repair windows and door screens.

Use air conditioning when possible.
More information
For more on West Nile virus, visit the U.S. Centers for Disease Control and Prevention.
SOURCES: Sept. 19, 2012, statistics, U.S. Centers for Disease Controi and Prevention
Last Updated: Sept. 19, 2012
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Streptococcus tigurinus, a Novel Member of the Streptococcus mitis

Group, Causes Invasive Infections

Andrea Zbinden,® Nicolas J. Mueller,® Phillp E. Tarr,® Gerhard Eich, Bettina Schulthess,* Anna 5. Bahlmann, Peter M. Kellar,* and

Guido V. Bloemberg®

Institute of Medical Microbiology, University of Zurich, Zurich, Switzerland®; Division of infectious Diseases and Hospital Epidemiology, University Hospital Zurich, Zurich,
Switzerland®; Infectious Diseases Service, Kantonsspital Bruderholz, University of Basel, Basel, Switzerland®: Division of Infactious Diseases, Triemli Hospital, Zurich,
Switzerland® and Institute of Medical Microbiology, Friedrich-Schiller University of Jena, Jena, Germany®

‘We recently described the novel species Streptococcus tigurinus sp. nov. belonging to the Streptococcus mitis gronp, The type
strain AZ,_3a” of §. tigurinus was originally isolated from a patient with infective endocarditis. According to its phenotypic and
molecular characteristics, S. tigurinus is most closely related to Streptococcus mitis, Streptococcus pnewmoniae, Streptococcus
pseudopneumoniae, Streptococcus oralis, and Streptococcus infantis. Accurate identification of 8. tigurinus is facilitated by 165
RNA gene analysis. We retrospectively analyzed our 165 rRNA gene molecular database, which contains sequences of all clinjcal
samples obtained in our institute since 2003, We detected 17 165 rRNA gene sequences which were assigned to S. tigurinus, in-
cluding sequences from the 3 S, tigurinus strains described previously. S. tigurinus originated from normally sterile body sites,
such as blood, cerebrospinal fluid, orx heart valves, of 14 patients and was initially detected by culture or broad-range 165 rRNA
gene PCR, followed by sequencing. The 14 patients had serious invasive infections, i.e., infective endocarditis (# = 6}, spondylo-
discitis (n = 3), bacteremia {n = 2), meningitis (n = 1), prosthetic joint infection (r = 1), and thoracic empyema (n = 1}, To
evaluate the presence of Streptococcus tigurinus in the endogenous oral microbial flora, we screened saliva specimens of 31 vol-
unteers. After selective growth, alpha-hemolytic growing colonies were analyzed by matrix-assisted laser desorption ionization—
time of flight mass spectrometry (MALDI-TOF MS) and subsequent molecular methods. S. tigurinus was not identified among
608 strains analyzed. These data indicate that 8. tigurinus is not widely distributed in the oral cavity. In conclusion, S. tigurinus
is a novel agent of invasive infections, particularly infective endocarditis.

e recently described a novel species within the Streptococcus

mitis group, Streptococcus Hgurinus sp. nov. (21). Based on
phenotypic and molecular analyses, S. tigurinus is most closely
related to Streptococcus mitis, Streptococcus pnewmoniae, Strepto-
coccus pseudopneumoniae, Streptococcus oralis, and Streptococcus
infantis, This novel species was not recognized in the past due to
the limitations of conventional phenotypic test methods and of
commercial systems (API 20 Strep and Vitek 2; bioMérieux,
Marcy l'Etoile, France) as regards accurate identification of spe-
cies within the S. mitis group (1, 3, 8, 11, 17). In addition, we have
shown that S. mitis strain ATCC 15914 was initially misassigned
when it was identified in 1977 (9); molecular analyses revealed the
identification of strain ATCC 15914 as . tigurinus (21). S. tiguri-
nus colonies on sheep blood agar are alpha-hemolytic, smooth,
and white to grayish with a diameter of 0.5 to 1 mm after incuba-
tion at 37°C with CO, for 24 h (21). Analyses by Vitek 2 resulted in
identification as S. mitis/$. oralis, and analyses by matrix-assisted
laser desorption ionization—time of flight mass spectrometry
(MALDI-TOF MS) revealed identification as 5. preumoniaewith a
score of 2.2 (21). However, the limited discriminative power of
MALDI-TOF MS within the 5. mitis group has been recognized
previously by other authors (10, 18, 20). Hence, an identification
result of 5. preumoniae, even with a scoreas high as =2.2, hastobe
interpreted with caution. Thus, analyses by commercial test sys-
tems, such as Vitek 2, or by MALDI-TOF MS are helpful for initial
assignment to the §. mitis group, but genetic analyses are required
for definitive assignment as S. tigurinus. We demonstrated a sig-
nificant sequence demarcation within the 5° part of the 165 tRNA
gene {£500 bp) to the most closely related species, i.e., S. mitis, 5.
preumoniae, S. pseudopneumoniae, and S. oralis, which allowed
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definite identification of 5. figurinus (21). This is remarkable be-
cause the discriminative power of the 5 part of the 165 rRNA gene
is not sufficient for accurate identification among these closely
related species (3, 12).

With the description of S. tigurinus, we identified a novel
pathogen associated with serious invasive infections. S. tigurinus
was first documenied as the causative agent in multiple blood
cultures and aortic valve specimens of a patient with infective
endocarditis (21). Other mermnbers of the 8. mitis group, suchas .
mitis and S. eralis, which are known agents of infective endocar-
ditis (7, 17) and sepsis in neutropenic cancer patients (2, 15), are
commensals of the oral flora. Therefore, the oral cavity is sus-
pected to be the ecological niche of S. tigurinus.

The aim of our study was to determine the involvernent of §.
tigurinus in clinical infections and to assess the presence of S. #ign-
rinys in the oral cavity. By retrospective analysis of our institute’s
165 rRNA gene sequence database obtained from clinica] samples
covering the years 2003 to 2012, we identified S. tigurinus as an
emerging pathogen causing invasive infections.
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MATERIALS AND METHODRS

This study was approved by the ethics committee of the canton of Zurich,
Switzerland. The study included a retrospective analysis of laboratory and
clinical data and a prospective analysis of saliva specimens of volunteers.

Bacterial strains. A retrospective analysis covering the period 2003 to
2012 of the 165 rRINA gene sequence database (SmartGene, Zug, Switzer-
land) of the Institute of Medical Microbiology, University of Zurich, Swit-
zerland, was performed. Bacterial strains were grown on Columbia agar
plates containing 5% defibrinated sheep blood (bioMérieux) at 37°C un-
der aerobic conditions.

Patients. Fourteen patients with S. tigurinus infections were hospital-
ized in Switzerland, and one patient in Germany. Clinical data were re-
trieved from the patients’ medical records and reviewed by infectious
disease specialists. Eleven patients were male; the mean age was 474 years
(range, 21 to 74). Infective endocarditis was defined according to estab-
lished criteria (14).

Analysis of 165 rRNA gene. DNA was extracted from the cultures as
follows. A loopful of bacteria was suspended in 500 pl 0.9% NaCl and
incubated by shaking at 80°C for 10 min. After centrifugation, the pellet
was resuspended in 200 pl of InstaGene Matrix (Bio-Rad Laboratories,
Hercules, CA) and incubated at 56°C for 2 h and then at 95°C for 10 min.
The mixture was centrifuged, and the supernatant was used as the tem-
plate for PCR. An 800-bp fragment of the 165 rRNA gene was amplified
with primers BAK11w (5'-AGTTTGATCMTGGCTCAG-3'; positions 10
to 27, Escherichia coli numbering) and BAK2 [5'-GGACTACHAGGGTA
TCTAAT-3"; positions 806 to 787, Escherichia coli numbering]. The cy-
cling parameters included an initial denaturation for 5 min at 95°C, 40
cycles of 1 min at 94°C, 1 min at 48°C, and 1 min at 72°C, and a final
extension for 10 min at 72°C. Five microliters of the DNA extract was used
for amplification in a total volume of 50 pl containing 1.25 U of AmpliTaq
DNA polymerase LD (Applied Biosystems, Rotkreuz, Switzerland) and
the appropriate buffer. Amplicons were purified with a QlAquick PCR
purification kit (Qizgen AG, Hombrechtikon, Switzerland) and se-
quenced with the forward primer BAK11w using an automatic DNA se-
quencer (ABI Prism 310 genetic analyzer; Applied Biosystems}, Broad-
range 165 rBNA gene PCR was performed directly from clinical
specimens as described earlier (4). 165 rRNA gene BLAST analysis was
performed using SmartGene software (SmartGene, Zug, Switzerland).
168 tRINA gene sequences were stored in 2 Web-accessible database envi-
ronment provided by SmartGene,

Antibiotic susceptibility testing. Antibiotic susceptibility testing was
performed using susceptibility test disks (Becton, Dickinson, Germany,
and i2a, Montpellier, France), and interpretation was done according to
CLSI 2012 guidelines (6). For penicillin and high-Ievel gentamicin resis-
tance, MICs were determined using Etest strips (AB bioMérieux, Marcy
I'Etoile, France). Susceptibility testing was performed on Mueller-Hinton
agar supplemented with 5% sheep’s blood, using overnight cultures at 0.5
McFarland standard followed by incubation at 35 & 2°C with 5% CO, for
20to24h.

Oral cavity specimens. Saliva samples were diluted with 0.85% NaCl
and then plated on colistin-nalidixic acid agar. After incubation at 37°C
with CO, for 24 h, alpha-hemolytic growing colonies were further ana~
lyzed. From each specimen, 20 morphologically different alpha-hemolytic
colonies were picked and analyzed by MALDI-TOF MS after subcultiva-
tion. The analysis was performed by using a Microflex LT mass spectrom-
eter (Bruker Daltonik GmbH, Bremen, Germany) using the MALDI Bio-
typer software package (version 3.0) with reference database version
3.1.2.0 (Bruker Daltonik GmbH). Sample preparation was done using the
ethanol-formic acid extraction protocel according to the manufacturer's
instructions. For the identification of S. Higurinus, reference spectra of the
strains S. tigurinus AZ_3aT and 8, tigurinus AZ_8 were added to the
MALDI-TOF reference database, All putative strains displaying both a
score of >2.2 to S. tigurinus and a score of 2.0 to §. pnewmoniae in the
reference database were suggestive of S. tigurinus. For confirrnation, 165
TRNA gene analysis was performed as described above.

2970 jem.asm.org

Nucleotide sequence accession numbers and strain deposition, Par-
tial 165 rRINA gene sequences of cultured and uncultured S. figurinus
strains have been deposited in GenBank under the following accession
numbers: strain AZ 1 (GenBank accession number JQ696559), AZ_2
(JQ696860), AZ_3b (JQ656868), AZ_4a (JQ696861), AZ_4b (JQ696869),
AZ 5 (JQ696870), AZ_6 (JQ696862), AZ_7a (JQ696863), AZ_7b
(3Q696871), AZ_8 (JQ696864), AZ_9 (JQG96872), AZ_10 (JQEO6865),
AZ_11 (JQ696866), AZ_12 (JQ696867), AZ_13a (JQ696873), AZ _13b
(TQ696874), AZ_14 (JQ778987}), and AZ_15 (JQ820471). The following
S. Higurinus strains have been deposited in the Culture Collection of Swit-
zerland (CCOS, Widenswil, Switzerland): AZ,_1 (culture number CCOS$
683), AZ_2 (CCOS 675), AZ_4a (CCOS 676), AZ_6 (CCOS 681), AZ_7a
(CCOS 677), AZ_8 (CCOS 678), AZ_10 (CCOS 679), AZ_11 (CCOS
682), AZ_12 (CCOS 680), and AZ_14 (CCOS 689).

RESULTS

Retrospective analysis of 165 rRNA gene sequence database, By
retrospective analysis of our institution’s 165 rRNA gene sequence
database, 17 sequences were identified which showed the highest
168 rRINA gene sequence similarities (99.4% to 100% identity) to
S. tigurinus AZ_3aT (JN004270). For all 17 sequences, BLAST
search in GenBank revealed a sequence demarcation of =1.1% to
the next validated species reference sequence. In general, a 163
rRNA gene sequence identity of =99.0% to a reference sequence
of a classified species with a demarcation of >0.5% to the second
classified species is considered to allow for assignment ta species
level (3). All 17 sequences, criginally identified as §, mitis group,
were assigned to S. tigurinus.

The 17 sequences were obtained {rom 14 patients and con-
sisted of 12 S. tigurinus strains initially detected by culture meth-
ods, ie, AZ_1, AZ 2, AZ 4a, AZ 6, AZ Ta, AZ_ 8, AZ 10,
AZ 11, AZ_12, AZ_13a, AZ 13b, AZ_14, and 5 uncultured S,
tigurinus bacteria detected by broad-range 165 rRNA gene FCR,
ie, AZ_db, AZ 5, AZ 7b, AZ 9, and AZ 15. The §. tigurinus
strains AZ_da, AZ_7a, and AZ_10 have been described previously
{21). The strains AZ_13a and AZ_13b were originally isolated at
the Institute of Medical Microbiclogy, Friedrich-Schiller Univer-
sity of Jena, Germany. S. tigurinus bacteria identified from inde-
pendent specimens of the same patient showed identical 165
rRNA gene sequences and are indicated with “a” and “b.” §. tigu-

rinus strains AZ_1, AZ 2, AZ_4a, A7 6, AZ 7a, AZ_8, AZ_10, .

AZ 12, A7 _13a, and AZ_14 were originally cultured from blood,
strain AZ_11 from a vertebral-body biopsy specimen, and strain
AZ_13b from an aortic valve specimen, respectively. In 2 patients
with §. tigurinus isolated from blood, a sibling S. tigurinus bacte-
rium was also recovered from a heart valve (AZ_4b) and cerebro-
spinal fluid specimen (AZ_7b) by sequence analysis after broad-
range 165 rRNA gene PCR. In three patients, S. tigurinus was
detected only by broad-range 165 rRNA gene PCR, Le, AZ_5
from a periarticular prosthetic hip biopsy specimenand AZ_%and
AZ_15 from mitral valves.

By analyzing the electropherogram of the 165 rRNA gene se-
quence of S. tigurinus strain AZ_1, double peaks were observed by
sequencing with the forward primer BAK11w, indicating the pres-
ence of different 165 rRNA gene copies. In sequencing with the
reverse primer BAK2, an unambiguous electropherogram signal-
ing was obtained, consistent with a single copy. Detailed analysis
of the electropherograms showed a frameshift mutation of two
base pairs within the first 100 nucleotides of the 5° part of the 16§
rRNA gene, which resulted in a double-peak eleciropherogram
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when sequencing with the forward primer. Other sequences did
not show a double-peak electropherogram.

Patient clinical features. In total, we identified 15 patients
with isolation of §. tigurinus, including the 4 patients of the orig-
inal S. tigurinus species description (21). The patient characteris-
tics are summarized in Table 1. All patients had serious infections.
Seven patients were diagnosed with definjte infective endocarditis
according to the modified Duke criteria (14). S. Hgurinus was iso-
lated from multiple blood cultures in five patients; in three of these
patients, the pathogen was also isolated from surgically resected
heart valve specimens. In two patients with infective endocarditis,
S. tigurinus was detected only in heart valve specimens, presum-
ably due to antibiotic treatment before blood culture sampling. In
one patient with bacterial meningitis, S. tigurinus was found in
multiple blood cultures and in cerebrospinal fluid. S. tigeerinus was
associated with spondylodiscitis (n = 3), prosthetic joint infection
(n = 1), and thoracic émpyema (n = 1). Two patients had bacte-
remia alone. In 11 patients, S. tigurinus was the only organism
detected in the specimens. Four patients had mixed infections, i.e.,
two patients with S. tigurinus and Streptococcus salivarius group
bacteria, one patient with S. tigurinus, S. salivarius group bacteria,
and a streptococcal species which was most closely related to
Streptococcus parasanguinis, and one patient with S. tigurinus and
Staphylococcus aureus, Most of the mixed infections occurred in
patients with intravenous drug use. Both immunocompromised
and immunocompetent patients had S. tigurinus infections. All
patients recovered after appropriate antimicrobial therapy, with
(n = 7) or without surgery {n = 8).

Antimicrobial susceptibility profile. The antibiotic suscepti-
bility profile was determined for the cultured . tigurinus strains
(n = 13). All strains were susceptible to penicillin, and none of the
strains displayed high-level gentamicin resistance (Table 2). For
tetracycline, the strains AZ_6, AZ_7a, and AZ_14 displayed re-
duced susceptibility or resistance. No inducible clindamycin re-
sistance was detected.

Frequency of 8, tigurinus in causing endocarditis, Microbio-
logical reports from the Institute of Medical Microbiology from
2003 to 2012 that were consistent with infective endocarditis were
investigated. In total, we identified 48 cases of infective endocar-
ditis caused by viridans group streptococci, 7 (14.5%) of which
were caused by . tigurinus, Thirteen (27%) endocarditis cases
were caused by S. mitis/S. oralis, 11 (23%) by Streptococcus sangui-
nis, 6 (12.5%) by Streptococcus gordonii, and the remaining 11
(23%) endocarditis cases were caused by other viridans group
streptococci. :

Screening for S. tigurinus in the oral cavity. Paraffin-stimu-
lated saliva specimens of 31 volunteers {mean age of 27.8 years,
range of 19 to 49 years; 16 male} were investigated for the presence
of 8. tigurinus. From the initial 620 alpha-hemolytic bacterial col-
onies isolated from the saliva of 31 persons, 12 strains did not grow
after subcultivation, and therefore, 608 strains were analyzed by
MALDI-TOF MS. Using MALDI-TOF screening criteria, 26 of the
608 strains, obtained from 17 persons, were suggestive for S. tigu-
rinus. However, subsequent 165 IRNA gene analyses showed that
none of the strains could be assigned to S. tigurinus; a single strain
was closely related to S. tigurinus AZ_3aT (JN004270), with a se-
quence similarity of 98.9%. Because the MALDI-TOF screening
criteria, i.e., a score of >2.2 to 8. tigurinus and a score of <2.0t0 8.
preumoniae, might have been too strict for the detection of 5.
tigurinus strains, we tested an additional 21 strains which dis-
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played a MALDI-TOF score of >2.2 to 3. tigurinus and a score of
=20 to S. pneumoniae by molecular methods. Even with these
relaxed criteria, however, no S. tigurinus strains were detected.
For the most recent endocarditis patients with isolation of S.
tigurinus (patients 14 and 15) (Table 1), we had the opportunity to
test saliva specimens for the presence of S. tigurinus. For patient
14, the saliva specimen was obtained at day 13 of antibiotic ther-
apy. None of the 20 strains investigated was suggestive for S. tigu-
rinus. For patient 15, the analysis of the saliva specimen obtained
at day 15 of antibiotic therapy revealed 2 strains suggestive for S.
tigurinus, but they were not confirmed by molecular methods.

DISCUSSION

Using our institute’s molecular database containing all 165 rRNA
gene sequences obtained from clinical samples over a 10-year pe-
riod, we showed the involvement of the newly described . tiguri-
nus species in serious clinical infections. Including the first
recognized cases with S. tigurinus (21), we identified, in total, 15
patients from whom §. tigurinus was either isolated by initial cul-
ture methods or identified by broad-range 165 tRNA gene PCR.
Most patients had infective endocarditis, but S. tigurinus was also
identified as the causative agent in patients with spondylodiscitis,
meningitis, prosthetic joint infection, thoracic empyema, and
bacteremia, S. tigurinus infection was documented in both immu-
nocompromised and immunocompetent patients of various ages
and with a wide range of underlying conditions. Given the limited
number of patients, however, a specific risk factor profile for the
development of invasive infections with S. tigurinus could not be
established. Data regarding the dental and mucosal health of the
patients were limited by the retrospective study design.

Most patients with S. tigurinus infection had endocarditis. The
frequency of 5. tigurinus in causing infective endocarditis com-
pared to the frequencies of other viridans group streptococci
seems to be remarkably high, since 14.5% of all putative endocar-
ditis cases associated with viridans group streptacocei as observed
at our institute during 2003 to 2012 were caused by S. tigurinus.
The number of patients with infective endocarditis might even be
higher due to missing information, The causative agents in 11 of
the 13 endocarditis cases caused by S. mitis/S. oraliswere identified
only by conventional phenotypic methods, such as Vitek and APT
20 Strep (bioMérieux). Therefore, it is possible that a substantial
proportion of these bacteria actually represent S. tigurinus if mo-
lecular analyses had been performed.

The oral microbial flora was assumed to represent a main res-
ervoir of S. tigurinus, similar to the case for other viridans group
streptococci. However, screening a population of 31 volunteers
for the presence of S. tigurinus in the saliva did not reveal any S.
tigurinus strains. In two patients with infective endocarditis
caused by S. tigurinus, we were able to evaluate saliva specimens
during the first 15 days of antibiotic therapy. $. tigurinus was not
detected in these specimens. S. #igurinus seems rarely to be present
as part of the oral flora. Given the limited discriminative power of
MALDI-TOF MS within the S. nitis group (10, 18, 20) and the
limited capacity to analyze all strains by molecular methods, how-
ever, we might have underestimated the presence of 8, tigurinus in
the oral microbial flora. A BLAST search in GenBank revealed that
S. tigurinus is likely to be present in the human oral cavity, since a
number of 165 rRNA gene sequences deriving from the human
mouth showed high sequence similarities to the 5. figurinus type
strain sequence (JN004270), allowing accurate assignment (16).
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TABLE 1 Characteristics of patients with Streprococcus tigurinus infections”

S. tigurinus  Site of isolation
Patient Age(yr), (strain/ (no. of positive
(n=15) sex uncultured) blood cultures) Immunosuppression Comorbidity{ies) Oral health status Antibiotic treatment Diagnosis Outcome
1 47, M AZ_1® Blood (4)° Systemic lupus erythematosus, CAD, renal insufficiency, ND AMC and RIF Bacleremia Recovered
long-term corticosteroid pure red cell aplasia
therapy
2 58, M AZ 2b Blood (6)¢ No Prosthetic aortic valve ND VAN, CIP, and RIF, then  Spondylodiscitis, Recovered
PEN and GEN, and bacteremia
_ then CRO
3 74, F AZ 33} Blood (6)°and  Heavy alcohol use Aortic stenosis Dental procedure 2 AMCand then PENand  Endocarditis Recovered
AZ _3b7 aortic valve mo earlier GEN
4 37,F AZ_da} Blood (6)°and No No No abnormalities PEN and GEN and then  Endocarditis Recovered
AZ_db* mitral valve detected CRO
5 65, M AZ 59 Periarticular Heavy alcohol use Possible cirrhosis of the Extraction of several CRO then CTX Infection of Recovered
hip biopsy® liver, atrial fibrillation carious teeth prosthetic hip
during antibiotic joint
therapy
é 35, M AZ_gb Blood (4)* No Intravenous drug use ND AMC, then ERTA, and Thotacic empyema, Recovered
then AMC bacteremia
7 30,M AZ 7a” Blood {4)°and  Np Cerebrospinal fluid leak  ND CRO, VAN, and MTZ Meningitis Recovered
AZ_7b¢ cerebrospinal after operation for and then CRO
fluid hypophyseal tumor
8 64, M AZ_gb Blood (8)¢ No No No abnormalities AMC and GEN and then  Endocarditis Recovered
detected PEN
9 65, M AZ_9¢ Mitral valve® No No ND CRO and then AMCand  Endocarditis Recovered
GEN ’
10 29, F AZ_10b Blood (2)f No Intravenous drug use ND CIP and then AMCand  Spondylodiscitis, Recovered
GEN bacteremia
11 LM AZ_11° Vertebralbody No Intravenous drug use ND AMC Spondyladiscitis Recovered
bio i
12 50, M AZ_12° Bloodp(sly;’ HIV infection Myocardial infarction ND AMX Bacteremia Recovered
13 47, M AZ_13a,? Blood (5),° No CAD No abnormalities CRO and AMC Endocarditis, focal ~ Recovered
AZ_13b* aortic valve® detected encephalitis
14 57,M AZ 147 Blood (8)° No Hypertrophic obstructive  No abnormalities PEN and GENand then  Endocarditis Recovered
cardiomyopathy detected PEN
15 21,F AZ 15¢ Mitral valve® No No Healthy teeth, mild ~ PEN and GEN Endocarditis Recovered
gingivitis

# Abbreviations: CAD, coronary artery discase; ND, not determined; AMC, amoxicillin-clavulanic acid; AMX, amoxicillin; CTX, cefotaxime; CIP, ciprofloxatin; CRO, cefirigxone; ERTA, ertapenem; GEN, gentamicin; MTZ,
metronidazole; PEN, penicillin; RIF, rifampin; VAN, vancomycin.
b Cultured strain.

© 8. tigurinus was the only organism detected in the specimens.

4 Uncultured, detected by broad-range 165 rRNA gene PCR analysis.

¢ Staphylococcus aureus was detected in the same blood cultures,
£ Streptococeus salivarius group bacteria and Streptoroccus sp. bacteria most closely related to Streptococcus parasanguinis were detected in the same blood cultures,

¥ Streptococeus salivarius group bacteria were detected in the same specimen.
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TABLE 2 Antimicrobial susceptibilities of the Streptococcus tigurinus
strains®

Susceptibility (MIC Antibiotic resistance disk test result
. [ng/mil} of: (zone of inhibition [mm])

Strain

{(n=13) Penicillin Gentamicin LVX VAN ERY CLI TET
AZ 1 5(0.023) S(24) §(28) S(24) S(32) S5(32) s5(38)
AZ 2 §(0.023) S(24) $(26) S(22) S(29) S(30) S5(34)
AZ 32" §5{0.047) S(24) S(25) S(21) S(27) S(26) S(30)
AZ da  S(0.047) S(24) S(27) S(22) S(30) S{26) $(25)
AZ 6 5(0.064) S(32) S(24) S(23) S5(30) s(30) R(18)
AL 7a 5(0.032) S(16) S{25) S(Q24) S{30) S{26) 1Q21)
AZ 8 $(0.032) S(64) $(27) 5(23) S(30) S(25) S(34)
AZ 10  5(0.064) 5(64} S5(24) 5(23} S(31) 5(26) S(32)
AZ 11 S(0012) S(16) S(27) S(25) S(34) $(32) S(34)
AZ_12  $(0.125) S§(32) 5(27) S(25) S(34) S$(28) S(34)
AZ 13a §5(0.012) S§{4) S(32) S(27) S(36) S(34) S5(36)
AZ 13b  5(0.047) 512} S(27) S(26) S(34) S(26) S(36)
AZ 14 5(0.047} S$(16) S(27) S(24) S5(30) S(28) I1(20)

 The breakpoints of the 2012 CLSI guidelines were applied (6}, Abbreviations: S,
susceptible; R, resistant; I, intermediate; LV, levofloxacing VAN, vancomycin; ERY,
erythrotnyein; CLI, clindamycin; TET, tetracycline.

This is consistent with the mucosal presence of streptococcal spe-
cies in general (17). In future, oral microbiome projects will pro-
vide a more detailed analysis of the composition of the oral mi-
crobial flora and the presence of S. tigurinus.

To date, we have detected S. tigurinus as the causative agent of
invasive infections in patients from Switzerland and Germany,
and it is likely that other bacterial agents previously reported as
belonging to the S. mitis group actually represent S. tigurinus. This
is most likely due to limitations of species identification within the
S. mitis group by conventional means. In general, sequences of
strains classified only by biochemical phenotypic test methods
frequently result in deposition in GenBank with an inaccurate
species assignment (5), e.g., the erroneous assignment of strain
ATCC 15914 as S. mitis (13, 19, 21).

Qur data clearly document that S, #igurinus is a significant hu-
man pathogen. The observation that all patients from whom S.
tigurinus was isolated had severe invasive infections (Table 1) sug-
gests the importance of conducting further studies to better char-
acterize the potential pathogenic role of S. tigurinus in invasive
infections, particularly infective endocarditis. A prerequisite is the
accurate identification of viridans group streptococci by molecu-
lar methods. Further work also should focus on the natural habitat
of and the potential for colonization with S. tigurinus.

ACKNOWLEDGMENTS

The study was supported by the University of Zurich.

We thank the laboratory technicians for their dedicated help. We
thank R. Zbinden for constructive discussion and continuous support.
‘We thank S. Christen, T. Bruderer, and M. Marchesi for substantial assis-
tance.

REFERENCES

1. Arbique JC, et al. 2004, Accuracy of phenotypic and genotypic testing for
ideatification of Streptococcus pneumoniae and description of Streptococ-
cus pseudopreumoniae sp. nov. J. Clin, Microbiol. 42:4686-—4696.

September 2012 Valuma 50 Number 9

10.

11

12.

13.

14.

15.

16.

17.

18.

15.

20.

21

Streptococcus tigurinus, a Novel Pathogen

. Beighton D, Carr AD, Oppenheim BA. 1994, Identification of viridans

streptococci associated with bacteraemia in neutropenic cancer patients. J.
Med., Microbiol, 40:202-204.

. Bosshard PP, Abels S, Altwegg M, Boettger EC, Zbinden R 2004,

Comparison of conventional and molecular methods for identification of
aerobic catalase-negative gram-positive cocci in the clinical laboratory. J.
Clin. Microbiol. 42:2065-2073.

. Bosshard PP, et al. 2003. Etiologic diagnosis of infective endocarditis by

broad-range polymerase chain reaction: a 3-year experience. Clin. Infect,
Dis. 37:167-172.

. Clarridge JE, IIL. 2004. Impact of 165 rRNA gene sequence analysis for

identification of bacteria on clinical microbiology and infectious diseases.
Clin. Microbiol. Rev. 17:340—-862.

. CLSI. 2012, Performance standards for antimicrobial susceptibility test-

ing; 22nd informational supplement. CLSI document M100-522. Clinical
and Laboratory Standards Institute, Wayne, PA.

. Douglas CW, Heath J, Hampton KK, Preston FE. 1593. Identity of

viridans streptococci isolated from cases of infective endocarditis, J. Med.
Microbiol. 39:17%-182,

. Facklam R. 2002. What happened to the streptococci: overview of taxo-

nomic and nomenclature changes: Clin. Microbiol. Rev. 15:613-630.

. Facklam RR. 1977, Physiological differentiation of viridans streptococci.

]. Clin. Microbiol. 5:184-201.

Ferroni A, et al, 2010. Real-time identification of bacteria and Candida
species in positive blood culture broths by matrix-assisted laser desorption
ionization-time of flight mass spectrometry. I, Clin, Microbicl, 48:1542—
1548,

Haanpera M, Jalava ], Huovinen P, Meurman O, Rantakokko-Jalava
K. 2007. Identification of alpha-hemolytic streptococci by pyrose-
quencing the 165 FRNA gene and by use of VITEK 2. ]. Clin. Microbiol.
45:762-=770.

Kawamura Y, Hou XG, Sultana F, Miura H, Ezaki T. 1995. Determi-
nation of 165 rRNA sequences of Streptococcus mitis and Streptococcus
gordonii and phylogenetic relationships among members of the genus
Streptococcus, Int. J, Syst. Bacteriol. 45:406—408.

Kiratisin P, Li £, Murray PR, Fischer SH. 2005. Use of housekeeping
gene sequencing for species identification of viridans streptococci. Diagn,
Micraobiol. Infect. Dis, 51:297--301.

Li J§, et al. 2000, Proposed modifications to the Duke criteria for the
diagnosis of infective endocarditis, Clin. Infect, Dis. 30:633—638.

Lucas VS, Beighton D, Roberts GJ, Challacombe §J. 1957. Changes in
the oral streptococcal flora of children undergoing allogeneic bone mar-
row transplantation. J. Infect. 35:135-141.

Paster BJ, et al. 2001, Bacterial diversity in human subgingival plaque. J.
Bacteriol, 183:3770-3783.

Spellerberg B, Brandt C. 2011. Streptococcus, p 331-349. In Versalovic ],
Carroll KC, Funke G, Jorgensen TH, Landry ML, Warnock DW (ed), Man-
ual of clinical microbiology, 10th ed, vol 1. American Society for Micro-
biology, Washington, DC.

Stevenson LG, Drake SK, Murray PR. 2010. Rapid identification of
bacteria in pesitive blood culture broths by matrix-assisted laser desorp-
tion ionization-time of flight mass spectrometry. J. Clin. Microbiol. 48:
444—447.

Tung SK, Teng L), Vaneechoutte M, Chen HM, Chang TC. 2007,
Identification of species of Abiotrophia, Enterococeus, Granulicatella and
Streptococeus by sequence analysis of the ribosomal 165-235 intergenic
spacer region. J. Med. Microbiol. 56:504-513.

van Veen SQ, Claas EC, Kuijper EJ. 2010. High-throughput identifica-
tion of bacteria and yeast by matrix-assisted laser desorption ionization—
time of flight mass spectrometry in conventional medical microbiology
laboratories. J. Clin. Microbiol, 48:200-907.

Zbinden 4, et al. 21 February 2012. Streptococcus tigurinus sp. nov.,
isolated from blood of patients with endocarditis, meningitis and spondy-
lodiscitis, Int. T, Syst. Evol. Microbiol. [Epub ahead of print.] doi:10.1099/
1j5.0.038299-0.

Jemasm.org 2973

SSOYD a3d / 3LNLILSNI A001d TVHLNIO Ad 2102 "€Z 4990300 Uo /B10"wse wofi;:dpy wouy pepeojumog



