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‘The Prevalence of Hepatitis B Virus Infection
in the United States in the Era of Vaccination

Annemarie Wasley,"* Deanna Kruszon-Moran,? Wendi Kuhinert,* Edgar P. Simard,? Lya Finelli,' Geraldine McQuillan,?
and Beth Bell' .
*National Center for HIV/AIDS, Viral Hepatitis, STD, and TB Frevention, Centers for [lisease Control and Prevention, Atlanta, Geergia; *National

Center for Health Statistics, Centers for Diseasa Control ard Prevention, Hyatisville, Masyland: and *Schoal af Public Health, University -
of Medicine and Qentistry of New Jersey, Piscataway

Background. Our objective was to assess trends in the prevalence of hepatitis B virus (HBV) infection in the
United States after widespread hepatitis B vaccination.

Methods. ‘The prevalence of HBV infection and immunity was determined in a representative sample of the
US population for the periods 1999-2006 and 1988-1994. National Health and Nutrition Examination Surveys
participants =6 years of age were tested for antibody to hepatitis B cove antigen (anti-HBc), hepatitis B surface
antigen (HBsAg), and antibody to heparitis B surface antigen (anti-HBs). Prevalence estimates were weighted and
age-adjusted,

Results. During the period 19992006, age-adjusted prevalences of anti-HBc (4.79) and HBsAg (0.27%) were
not statistically different from what they were during 1988-1994 (5.4% and 0.38%, respectively). The prevalence
of anti-HBc decreased among persons 619 years of age (from 1.9% to 0.6%; P<.01) apd 20-49 years of age
(from 5.9% to 4.6%; P<.05) but not among persons =50 years of age {7.2% vs 7.7%). During 1999-2006, the
prevalence of anti-HBc was higher among non-Hispanic blacks (12.2%) and persons of “Other” race {13.3%) than
it was among non-Hispanic whites (2.8%) or Mexican Americans (2.9%), and it was higher among foreign-born
participants {12.2%) than it was among US-bom participants (3.5%). Prevalence among US-born children 619
years of age (0.5%) did not differ by race or ethnicity. Disparities between US-born and foreign-born children
were smaller during 1995-1996 (0.5% vs 2.0%) than during 19881994 (1.0% vs 12.8%). Among children 6-19
yéars of age, 56.7% had markers of vaccine-induced immunity.

Conclusions. HBV prevalence decreased among US children, which reflected the impact of global and domestic
vaccination, but it changed little among adults, and ~730,000 US residents {95% confidence interval, 550,000—
940,000) are chronically infected.

Hepatitis B virus (HBV) is a bloodborne and sexually
transmitted virus. Bach year, ~600,000 HBV-related
deaths occur worldwide [1, 2], most of which result
from the chronic sequelae of HBV infection [3-5]. Ap-
proximately 25% of persons who become chronically
infected during childhood and ~15% of those who be-
come chronically infected after childhood die from cir-

_ rhosis or liver cancer [2]. In the United States, before
hepatitis B vaccines were licensed in 1982, 200,000—
300,000 persons each year became infected with HBV

" [6]. Hepatitis B vaccination is the most effective mea-
sure to prevent HBV infection and its consequences.
However, for persons already infected with HBYV, an-
tiviral agents are available that may prevent the serious
sequelae of chronic liver disease, which highlights the
importance of identifying infected individuals [7].

Patterns of HBYV infection vary worldwide. Approx-
imately 45% of the world’s population live in regions
that are highly endemic for HBV infection, where most -
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hoad [2, 8]. Another 43% live in regions of interme-
diate endemicity, where multiple modes of tzansmission
(ie, perinatal, household, sexual, injection drug tse as-
sociated, and health care associated) are important. In
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countries of low endemicity, most infections occur among ad-
olescents and adults and are attributable to sexual and injection
drug use exposures. In 1992, the World Health Organization
set a goal for all countries to integrate hepatitis B vaccine into
their childhood vaccination programs by 1997 [9].

In the United States, a country of low endemicity, a strategy
to eliminate HBV transmisston [10) was initiated in 1891,
which includes universal vaccination of infants; screening of
all pregnant women for HBV, with posteximSure prophylaxis
provided to infants born to infected women; catch-up vacdi-
nation of adolescents; and vaccination of adults who are at
increased misk of infection [11, 12). To assess US trends in the
burden of HBV and to provide the first nationally representative
analysis of the impact of hepatitis B vaccination, we compared
the prevalence of HBV infection among National Health and
Nutrition Examination Survey (NHANES) participants during
1999-2006 to that during 1988-1994 and measured the prev-
alence of vaccine-induced immunity among participants during
1999-2006.

METHODS

Study populations and sample design. NHANES is a series
of surveys conducted periodically to obtain representative data
on the health status of the US population. Participants are
chosen using a complex, stratified, multistage sampling design
to obtain a representative sample of the civilian, noninstitu-
tionalized population. Cur analyses include data from 1999-
2006 (NHANES 1999-2006) and 1988-1994 (NHANES 1988
1994). Further details on the design and implementation of
these surveys are described elsewhere [13, 14].

During the years evaluated, all ages were eligible to partic-
ipate. Participants were interviewed at home and then visited
a mobile examination center for additional interviews and a
physical examination. Blood samples were collected for partic-
ipants aged =6 years in NHANES 1988-1994 and aged >2 years
in NHANES 1999-2006. Informed consent was obtained. Ef-
forts were made to ensure participation; respondents were
nominally remunerated for their time and travel expenses.

Laboratory methods. Serum samples from participants
aged =6 years were tested for antibody to hepatitis B core
antigen {anti-HBc) (NHANES 1988-1994: Corab radicim-
munoassay [Abbott Laboratories]; NHANES 1999-2006: Ortho
HBc ELISA [Ortho Clinical Diagnostics]) and, if results were
positive, were tested for hepatitis B surface antigen {HBsAg)
(NHANES 1988-1994: Ausria I1 [Abbott Laboratories]; NHA-
NES 1999-2006: Auszyme [Abbott Laboratories] ). Starting with
MHAMNES 1999-2006, serum samples from participants aged
>2 years were tested for antibody to hepatitis B surface antigen
(anti-HBs) (Ausab [Abbott Laboratories]}.

Definitions. Past or present HBV infection was defined as

-~

the presence of anti-HBc. Chronic HBY infection was defined
as the presence of antd-HBc and HBsAg. For NHANES 1999—
2006, persons with test results positive for anti-HBs and neg-
ative for anti-HBc were considered to have vaccine-induced
immunity.

In NHANES 1988-1994, 25,733 (83.2%) of the participants
aged Z6 years were interviewed, of whom 23,527 (91.4% of
those interviewed) were examined and 21,260 (90.4% of those
examined) were tested for anti-HBc and HBsAg. In NHANES
1999--2006, 34,338 (79.8%) were interviewed, 32,534 (94.7%
of those interviewed) were examined, and 29,828 (91.7% of
those examined) provided serum samples, Analysis of vaccine-
induced immunity included NHANES 19992006 participants
aged 22 years tested for anti-HBs. Samples for participants
aged 2-5 years were collected starting in NHANES 1999; par-
ticipation rates in this age group were low, with samples avail-
able for 55.8% of 3592 examined children. In NHANES, race
and ethnicity is categorized as non-Hispanic white (hereafter
“NH-white”), non-Hispanic black (hereafter “NH-black™),
Mexican American, or QOther (which includes all other racial
and ethnic groups, including Asians and other Hispanics). Age
groups were 6-11, 12-19, 20~29, 30-3%, 40-49, 50-59, and
=60 years of age.

Statistical analyses. Prevalence estimates were weighted to
represent the US population and to account for oversampling
and nonresponse to the household interview and physical ex-
amination. Standard errors were caleulated in SUDANN Sta-
tistical Analysis Software (Research Iriangle Institute). Preva-
lence estimates were age-adjusted by the direct method using
the age groups listed above to the 2000 US census population
for comparisons across subgroups and between surveys [15].
Prevalence of vaccine-induced immunity was compared be-
tween the periods 1999~2002 and 2003-2006. Prevalence es-
timates of HBV infection and chronic infection for some sub-
groups, where noted in the tables, are based on a small number
of persens with positive results and may be unstable. Statistical
comparisons were evaluated using a ¢ test for linear contrast
procedure in SUDAAN. Mo adjustments for multiple compaz-
isons were made,

a

RESULTS

Overall prevalence of past and present HBV infection and
markers of immunity. The prevalence of past and present
infection during the period 1999-2006 was 4.8% (95% confi-
dence interval {CI], 4.3%~5.3%). Prevalence of chronic HBV
infection was 0.28% (95% Cl, 0.21-0.36%), which represents
~730,000 infected persons (95% Cl, 550,000-940,000). Prev-
alence of markers of vaccine-induced immunity was 22.2%
(95% CJ, 21.3%-23.1%).

Prevalence of HBV infection increased with age, from 0.6%

HBYV Infection Prevalence in the US + JID 2010:202 {15 July) * 193
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(95% CI, 0.2%-1.4%) among persons 6-11 years of age to
7.3% (95% Cl, 6.29%—8.5%) among persons =60 years of age
(Figure 1), Prevalence of vaccine-induced immuqity was neg-

atively correlated with age, ranging from 53.5% (93% CI, -

50.8%—56.3%) among persons aged 6—11 years to 5.1% (95%
CI, 4.3%6.0%) among persons =60 years of age. Among the
2003 children 2-5 years of age who were tested, 57.3% (95%
Cl, 54.1%—60.4%) had test results that were positive for anti-
- HBs; the representativeness of that estimate is uncertain because
of the low response rate in this age group.
Age-adjusted estimates of the prevalence of past and present
HBYV infection. The overall age-adjusted prevalence of past
" and present infection in NHANES 1955-2006 (4.79%) was lower
than but was not statistically different from the prevalence in
NHANES 1988-1994 (5.4%) (Table 1). However, among chil-
dren 6--19 years of age, prevalence decreased significantly, from
1.9% to 0.6% (P<.01). Among adults, prevalence decreased
significantly among those 2049 years of age, from 5.9% to
4.6% (P<.05) but was unchanged among those =50 years of
age.

In NHANES 1999-2006, age-adjusted prevalence of pastand
present infection was significantly higher among NH-blacks
(12.2%; P<.001} and Others (13.3%; P<.001) than it was
among NH-whites and Mexican Americans, and it was signif-
icantly higher among foreign-born persons (12.2%; P<.001}
than it was among US-born persons (3.5%). Compated with
NHANES 1988-1994, prevalence decreased significantly only
among the Other (from 20.1% to 13.3%) and Mexican Amer-
ican (from 5.196 to 2.9%) race and ethnic groups. No significant
change in sex-specific prevalence oceurred; in NHANES 1999
2006, prevalence among male participants remained signifi-

. cantly (7 <.001) higher than it was among female participants.

0 i
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The age-adjusted prevalence of chronic HBV infection in
NHANES 19992006 (0.27%) was lower but not statistically
different than it was in NHANES 1988-1594 (0.38%) (Table
1). Amang children 619 years of age, there was a 79% dectease
in the age-adjusted prevalence of chronic infection, from 0.24%
to 0.05%, which was not statistically significant. In NHANES
1999-2006, prevalence of chronic infection was lower among
persons 6~19 years of age (0.05%) {P<.001) than it was among
those 2049 years of age (0.30%]) or =50 years of age (0.38%),
and it was lower among female participants (0.19%) (P< .05)
than it was among male participants {0.35%). Chronic infection
was more common among persons classified as Other (0.98%;
P<.001) or NH-black (0.89%; P<.001) than it was among
NH-whites {0.09%) and Mexican Americans (0.07%}). Chronic
infection among foreign-born participants (0.89%) decreased
significantly (P<.05), compared with NHANES 1988-1994
(1.75%), but remained >5-fold higher than it was among US-
born participants (0.16%; P< .001). The number of chronically
infected persons identified in NHANES was small; estimates
for some sparsely populated strata, where noted in the tables,

. have large confidence intervals and may be unstable,

Trends among children in past and present HBYV infection.
Among children, the age-adjusted prevalence of past and pres-
ent infection among NH-blacks (P <.05) and Others (P<.01)
decreased significantly across surveys. The decreases in these
groups, which both had significandy (P< 01) higher preva-
lence than did NH-whites and Mexican Americans in NHANES
1988-1994, resulted in a narrowing of racial ard ethnic dis-
parities in NHANES 1999-2006, although the difference be-
tween the highest (NH-black) and lowest 2 groups (Mexican
Americans and Other) remained significant (P<.01 and P<
.05 respectively) (Table 2). Differences in prevalence between

K
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Figure 1. Crude prevalence of markers of hepatitis B virus {HBV} infection and vaccine-induced immunity by age, 1999-2006.
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Table 1. Age Adjusted Prevalence of Hepatitis B Virus (HBV) Infection, by Selected Demographic Characteristics

Past or present HBY infection

Chronic HBY infection

NHANES 1l (1988-1994}

NHANES 1999-2006

Prevalence,
Sample size”

NHANES #l HHANES
(19881094} 1999-2006:
Prevalence, Pravalence, Prevalence,

b (95% CI}

Variable

Quera

_Age. years

Female 1,172 45 {3.8-5.4) 15,305

gl

3.81{3.24.49 NS 0.19 16.11-0.30) NS

NOTE. Cl, confidence intarval; NHANES, National Health and Nutrition Examination Survey; NS, not significant.
® Stratum-specific sample sizes may not sum 1o total because of missing data.

® Determined by t test evaluating change across surveys.

© Estimate is small relative to its standard eror {relative standard emor 30%) and therefore may be unstable.

9 Estimate based on <10 individuals with positive samples.

US$ and foreign-bom children diminished as a result of greater
decreases in prevalence among foreign-born children, The prev-
alence among foreign-born children (12.8%) in NHANES
1988-1994, which was almost 13-fold higher than that among
U$-born children (1.0%; P<.01), decreased to 2.0% in NHA-
NES 1999-2006, compared with 0.5% (P < .01) among US-bom
children. Most notable was a >30% decrease among foreign-
born Other children (P<.001).

Among US-born children, racial and ethnic disparities were
reduced. In NHANES 1988-1994, prevalence was significantly
higher among US-born NH-black children (2.1%; P<.05),
compared with NH-whites (0.7%) and Mexican Americans
(0.5%). In comparison, in NHANES 1999-2006, prevalence was
similar among US-born children by race and ethnicity, ranging
from 0.19% {Other) to 0.6% (NH-white). liace—speciﬁc estimates
for some subgroups, as noted in Table 2, are based on <10
positive samples and may be unstable.

Trends among edults. The significant decrease in preva-
lence across surveys among persons 20-49 years of age (P<
.05) reflected decreases among US-born and foreign-born par-
ticipants, although 6n[y the decrease among US-born partici-
pants was statistically significant (P<.05). Prevalence remained
significantly higher among foreign-born participants (10.3%)
in NHANES 1959-2006 than among US-born participants
(3.4%; P<.001} (Table 3). Among US-born adults, a pattern

of decreasing prevalence was noted in all racial and ethnic
groups, but only the decrease in prevalence among NH-blacks
was statistically significant (P< .05). In NHANES 19992006,
prevalence among US-borm non-Hispanic NH-blacks (9.6%)
remained higher {P<.001) than the prevalence among NH-
whites and Mexican Americans. In contrast, prevalence among
US-botn Others no longer differed from that among US-bom
NH-whites or Mexican Americans, The decrease among for-
eign-bom participants 2049 years of age (P<.05) was seen
among several racial and ethnic groups but was statistically
significant only among Mexicans Americans (P<.05). The
prevalence was ~3-fold higher among foreign-born Others
{16.1%) than it was among US-born Others (5.6%; P<.001),
a gap that appeared to widen, compared with NHANES 1983-
1994, when prevalences among foreign-born and US-bozn Oth-
ers were 21.3% and 17.4%, tespectively.

In contrast to the trends among younger adults, the prev-
alence among persons =30 years of age in NHANES 1999~
2006 (7.7%; 95% CI, 6.8%-8.7%) did not differ from that in
NHANES 1988-1994 (7.2%; 95% CI, 6.2%—8.3%). Disparities
by race and country of birth that were present in NHANES
1988-1994 (data not shown) remained unchanged in NHANES
1999-2006. In particular, prevalence remained unchanged and
significantly higher among NH-blacks (21.7%; 95% CI, 19.2%—
24.3%; P<.001) and Others (25.5%; 95% CI, 19.6%—32.1%:
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Table 2. Age-Adjusted Prevalence of Past and Present Hepatitis B Virus Infection among Children 6-19 Years of Age, by Selected

Demograpliic Characteristics

NHANES |il {1988-1884)

NHANES 1998-2006

No. of children
Sample size® with positive results

Variable

Prevalence,

iNo. of children
Sarnple siza”  with positive results

Prevalence,

% {95% Cl}

N

10.3 {5.2-17.7

%ﬁ;bé %&i‘

229(126-36.3) 180

D308
1.4 {0.3-3.9F°

NOTES. Cl, confidence interval; NHANES, National Health and Nutrition Examination Survey; NS, not significant.

® Straturn-specific sample sizes may not sum to total because of missing data,

b Detenmined by t test eveluating change across surveys.

© Estimate is smal relative 1o its standard emor {relative standard emor >30%) and therefore may be unstable.

P<.001), compared with NH-whites (4.7%; 95% Cl, 3.9%—
5.5%) and Mexican Americans {mean value, 6.0%; 95% CI,
5.0%—7.2%), and was significantly higher among foreign-bom
persof]s (22.8%; 95% CI, 19.4%—26.5%)}, compared with US-
bormn persons (5.9%; 95% CI, 5.0%—6.9%; P<.001).

Age-adjusted prevalence of vaccine-induced immunity in
NHANES 1999-2006. The age-adjusted prevalence of markers
of vaccine-induced immunity in NHANES 1999-2006 was 22.9%
(95% Cl, 21.9%—24.0%), ranging from 56.7% (95% CI, 54.0%-
59.3%) among children 6-19 years of age to 17.0% {95% ClI,
15.8%-18.2%) among those 2049 years of age to 7.5% (95%
Cl, 6.7%8.3%) among persons =50 years of age (Table 4).
Prevalence of vaccine-induced immunity increased significantly,
from 20.5% during 1999-2002 to 25.2% during 20032006
(P <.001). This reflected significant increases in all age and racial
and ethnic groups and among foreign-bom and US-bormn par-
ticipants. Comparing data from 1999-2002 with that from 2003
2006, the age-adjusted prevalence of vaccine-induced immunity
increased. from 52.7% to 60.5% among those 6-19 years of age,
fiom 14.3% to 19.6% among those 2049 years of age, and from
6.6% to 8.2% among those =30 years of age.

The prevalence of vaccine-induced immunity during 1999--
_ 2006 among children 6-19 years of age varied little by race and
ethnicity, ranging from 53.6% (95% Cl, 49.7%—57.6%) among

NH-blacks to 59.7% (95% Cl, 54.2%~65.0%) among Others
and did not differ by sex. A-significantly higher proportion of
foreign-born children (63.7%; 95% CI, 59.3%—67.9.0%; P<
.01) had evidence of vaccine-induced immunity, compared with
US-born children (56.3%; 95% Cl, 53.5%—59.1%), although
the lowest prevalence in this age group occurred among for-
eign-born NH-blacks {51.29%; 95% CI, 41.7%—60.6%) (data not
shown).

Among adults 20-49 years of age, prevalence wassignificantly
higher among US-born persons {17.9%; 95% CI, 16.5%—19.4%;
P<.001) than foreign-born persons (12.7%; 95% CI, 10.9%-
14.6%) and higher among women (20.1%; 95% Cl, 18.2%—
22.0%; P<.001) than among men {13.8%; 95% Cl, 12.6%-
15.0%). Among adults =50 years of age, the age-adjusted prev-
alence of vaccine-induced immunity (7.5%; 95% CI, 6.7%—
8.3%) did not differ by race and ethnicity or country of birth
(data not shown) but was significantly higher among women
(8.7%; 95% Cl, 7.6%-9.9%; P < .001} than among men (6.1%;
95% Cl, 5.2%-7.0%).

DISCUSSION

In this analysis of the most recent NHANES, conducted-a de-
cade after universal vaccination of US children against hepatitis
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Table 3. Age-Adjusted Prevalence of Past and Present Hepatitis B Virus Infection among Persons
20-49 Years of Age hy Selected Demographic Characteristics

NHANES I} {1988-1994)

MHAMNES 19232006

Prevalence,

Variable Sample size®

Prevalence,

% {95% CIJ

@ve ra‘ft:c P

Hace/ethm(:lty e
£ nlniee SHER TS

Black, non-Hrspanlc

8145

ek vgﬁ

bther 299

21 3 (14 A4-20. 7)

Sample size® % (95% CI) e

&09 16 1 {12 2—20 6} NS

NOTE. Cl, confidenca intarval; NHANES, National Health atyd Nutrition Examination Survey; NS, not significant.
a Stratum-speciﬁc sarmple sizes may not sum to total because of missing data.

® Detorminad by t test evaluating change atross surveys.

b Estlmale is small refative 1o its standard emor [relative standard emar »30%) and therefore mav be unstable.

4 Estimate hased on <14 individuals with positive samptes.

B began in 1991, we demonstrate a significant reduction of
68% in HBV infection prevalence among children, including
those born in the United States and elsewhere. In addition, a
79% decrease in the prevalence of chronic infection in this age
group, although based on a small number of children and not
statistically significant, further suggests that substantial progress
has been made in reducing the disease burden among children,
NHANES, the only source of nationally representative infor-
mation on the seroprevalence of hepatitis virus infections in
the United States, has been critical to describing the burden of
HBV infection and, for the first ime with this report, deter-
mining how it 15 changing after implementation of a compre-
hensive national strategy to eliminate HBV transmission in the
United States. Keeping in mind the limitations of estimates that
are based on small numbers, extrapolation from these data
suggests that the number of chronically infected children during
1999-2006 was ~29,000 (95% CI, 11,000—63,000), compared
with ~122,000 (95% CI, 36,000-290,000) during 1988-1594.
These decreases among children are likely due, in large part,
to the incorporation of hepatitis B vaccination into domestic
and global routine infant and childhood vaccination programs.
A smaller yet significant decrease in the prevalence of HEV
infection ocourred among US-born adults 20-49 years of age.
Among US-boxn and foreign-born adults aged =50 years, HBV

infection prevalence changed little over the decade. An esti-
mated 730,000 US residents, mostly adults, had chronic HBV
infection, which démonstrates the ongoing burden of HBV-
assaciated disease, )

The decrease in the prevalence of infection among children,
which was primarily the result of large decreases among US-
born NH-black and Other childrén and among foreign-born
Other children, resulted in the elimination or narrowing of
many disparities. Among US-born children, prevalence of HBY
infection was uniformly low. Although the prevalence among
foreign-born children continued to be higher than that among
US-born children, it decreased by 34%, compared with data
from the previous survey. Most strikingly, there was a >90%
decrease among the foreign-born Other group, and the dis-
parity between US-born and foreign-born children was reduced
from 13-fold to.4-fold. These data provide a sense of the impact
of vaccination here and abroad on preventing HBV infections
among children living in the United States,

In the United States, the first recommendations for universal
vaccination of children against hepatitis B were made in 1991
[10]. To prevent perinatal transmission of HBV, screening of
pregnant women for HBsAg was recommended with the follow-
up of infants born to infected women to ensure that they receive
postexposure prophylaxis. “Catchup™ vaccination of unvacei-
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Table 4. Age-Adjusted Prevalence of Vacelne-Induced Immunity to Hepatitis B Virus (HBV) Infection by Selected Demographic
Gharacteristics, 1999-2006

NHANES 1999-2006 NHANES 1998-2002 NHANES 2003-2008
Sample Prevalence, Sample Prevalence, Sample Prevalence,
Variable size® % (95% Cl) size® % {95% Cli size” % {95% Ci) P°

'I.'Z 0(':)4 56. 7 (54 0—59 3) 6202 52.7 48.1-57.3} 5802 60. 5 (57 9—63 0] <01
s e e tat.
" 9a5 170 (SRR o : -
8359 7.5 {6.7-8.3) 4148
et

4211 82(73—93)

S

SE ?(24

1556 536{4§§—§§ .7) 1503 )
N e AR
2334

4%

63.5(593-67.6) <001
‘2(87 Jii. : £
- (4 0-7, 8)

72 2159 {18 6—25 %)5@ ){'I‘)OBg”ﬂ’%?‘D_((‘Zd 5—29 7) S
2 %ﬁzaﬂsa?ées 9 s
417

14.2 “0'«1:1 9.3} 22.7 18.7-27.1)

18.2 (}1;%0-;1 8 .
sk

873

Counry of birth

i

Foreign bom 65528  22.1 (20.7-23.6) 2941 19.5Q17. 6—21 Bl 2587 248 1{22.7-27.1) <001

NOTES. Cl, confidencs interval; NHANES, National Health and Nutrition Examination Survey; NS, not significant.
2 Stratum-specific sample sizes may not sum to total becauss of missing data,
b Determined by t tast evaluating change from 1999-2002 to 2003-2006.

‘nated adolescents was recommended in 1995 [16]. Vaccinecov-  endemic, 55% introduced infant hepatitis B vaccination by 1992
erage data indicate that, between 1993 and 2006, the percentage and, to date, 96% have integrated hepatitis B vaccine into their
of children 19-35 months of age who received hepatitis B vac-  childhood immunization programs. Studies from Asian coun-

cine increased from 16% to 93% [17]. Coverage rates among tries have documented the impact of these programs, including
adolescents 13-17 years of age have also increased substantially,  decreases in the prevalence of chronic infection and the inci-
to 81% in 2006 [18]. dence of hepatocellular carcinoma among children [20-22], Of

Considerable progress also has been made in implementing  the 29 countries that have not yet integrated hepatitis B vac-

hepatitis B vaccination programs for children in other coun-  cination, 12 (41%) are in Africa, where endemicity remains
tries. As of December 2006, 164 (85%) of 193 World Health  high. The prevalence patterns among foreign-bormn children in
Organization member countries had introduced hepatitisBvac-  NHANES appear to correlate with these global patterns of vac-

cination into their infant immunization schedules [19]. Ofthe  cination implementation, with dramatic decreases among the
27 countries in the western Pacific, where HBV infection s Other group, which includes those born in Asia.
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Although patterns of markers of vaccine-induced immunity
in NHANES 1999-2006 reflect the implementation of demestic
and international vaccination programs, the results undoubt-
edly underestimate the true prevalence of vaccine-induced jm-
munity, particularly that among children. Among persons who
were vaccinated as infants or yoting children and responded to
vaccination, 15%—45% have low or undetectable concentrations
of anti-HBs 5-22 years after vaccination [8, 23-26]. However,
evidence indicates that immunocompetent persons who re-
spond to the vaccine remain protected against HBV even as
anti-HBs levels become undetectable [27, 28]. Thus, prevalence
of anti-HBs in NHANES underestimates the population level
of vaccine-induced immunity by misclassifying participants
who lost detectable anti-HBs as susceptible to HBV. Results
from the National lmmunization Survey and other surveys,
+ which indicate high coverage among 19-35-month-old children
and adolescents, provide a more complete reflection of coverage
and immunity among US-born children [17].

The decreases in prevalence among younger US-born adults
likely reflect the impact of several factors. Over the 18 years
spanned by these NHANES surveys, the risk of HBV trans-
mission has decreased, as evidenced by an 80% reduction in
the incidence of acute hepatitis B cases since 1990[29]. This
likely reflects the implementation of prevention strategies, such
as improvements in infection control and screening of the blood
supply, modified risk taking practices among high-risk groups,
and the impact of targeted vaccination of adulis at 1isk because
of occupational or hehavioral factors [30-32]. This decrease
may also reflect the impact of programs to vaccinate adolescents
[16]. This effect recently was documented among US military
recruits, among, whom anti-HBs prevalence ranged from 629
among those bom during 1987-1988 to 27% among those born
before 1982 [33).

Although substantial progress has been made in preventing
HBYV infection among children and young adults, NHANES
indicates that the burden of chronic hepatitis B among adults

remains Jarge, Many disparities persist that reflect infections .

acquired over the participants’ lifetimes. Among US-born
adults, prevalence increased with age and was higher among
NH-black and Other races and ethnicities. Of interest, preva-
lence decreased among young US-born adult Others, which
could reflect an impact of vaccination programs targeting
Asians of all ages [34-36]. As in previous surveys, HBY infec-
tion prevalence was significantly higher among foreign-born
adults than it was among US-born adults, which reflected the
level of endemicity in participants’ countries er regions of or-
igin. Foreign-born persons accounted for ~14% of the NHA-
NES 1999-2006 population, which is similar to estimates from
the US Census [37] that indicated that 12% of the US popu-
lation was foreign-born. In NHANES 1999-2006, this group
accounted for 43% of all chronic¢ infections or ~317,000 (95%

&

CI, 202,000-479,000) infections among foreign-born persons
in the United States in 1999-2006. .

The large burden of chronic HBV infection among adults
demonstrated by NHANES highlights the need to improve
screening programs and other efforts to identify chronically
infected persons, most of whom remain asymptomatic until
cirthosis or end-stage liver disease develops. Limited data in-
dicate that many persons with chronic infection are unaware
of their infection status [38—40]. Screening and counseling pro-
grams are important to educate and medically manage infected
patients to prevent liver disease progression and to identify and
vaccinate susceptible contacts to interrupt further tTansmis-
sion [7].

There are limitations to the use of NHANES data to assess
HBV prevalence. In NHANES, participants classify themselves
with regard to race and ethnicity, but because the numbers of
persons belonging to specific racial and ethnic groups other
than non-Hispanic white, non-Hispanic black, or Mexican-
American are not large enough to make stable prevalence es-
timates, the National Center for Health Statistics (NCHS),
which oversees NHANES, groups these persons into a category
of Other nonspecified race and does not release self-reported
race data. Thus, the_calculation of specific estimates for sub-
groups, such as Asians and Native Americans, is not possible.
It is likely that prevalence among Asians is considerably higher
than that reflected by the overall Other category, which includes
populations which have lower prev:;lcnce of disease. Never-
theless, these groups are sampled in the NHANES population,
and overall WHANES estimates reflect and are greatly influ-
enced by the prevalence in these subgroups. A summary analysis
provided by NCHS of unedited data, not publicly released, of
participants’ self-reported race and country of origin suggests
that persons likely to be Asian represent ~3.3% (95% Cl, 2.8%—
3.8%) of the overall NHANES weighted sample and that ~71% -
of that group are foreign-bom. These results may be subject
to some error because of misclassification of Asian ethnicity
based on unedited data but appear similar to US$ Census es-

- timates [37], which characterize 4.4% of the US population as
Asian, with 68% of this Asian population being born overseas.
In addition, although composition of the Other category is not
specified and varies somewhat across surveys, an estimated 30%
of the group were classifted as Asian based on the analysis of
raw ethnicity and country of orgin data, and the trends and
patterns expected among the Asian population appear to be
discernible in the results for the Other race and ethnic group.

-Anctiher limitation of NHANES is that it samples only from
the noninstitutionalized civilian population of the United
States, Thus, the overall estimate does not reflect infections
among populations that include incarcerated persons, among
whom HBV prevalence is known to be high. The prevalence
of chronic HBV infection ameong the estimated 2.2 million

HBYV Infection Prevalence in the US « JID 2010:202 (I5 July) » 199

19



-

persons in US jails and prisons is ~2.09% [41], resulting in an
estimated 44,000 persons with HBV infection in these settings
and increasing the estimated number of chronically infected
persons in the United States by 6%, to 774,000. Homeless per-
sons, who also may have increased prevalence of infection, are
also not included in NHANES [7].

In summary, this analysis of unique population-based data
provides new evidence of the impact of domestic and global
childhood hepatitis B vaccination programs on preventing HBV
infections, while illustrating the remaining large burden of
chronic HBV infection in the United States, which consists of
~730,0000 persons. These results are relevant to public health
policy makers and highlight the importance of ongoing hep-
atitis B vaccination programs and of programs to identify per-
sons with chronic HBV infection.
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HEPATITIS B VIRUS DNA IN SALIVA FROM
CHILDREN WITH CHRONIC HEPATITIS B
INFECTION

IMPLICATIONS FOR SALIVA AS A POTENTIAL MOD-E OF
HORIZONTAL TRANSMISSION
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Abstract: To explore the mechanism of horizontal transmission ol hepa-
titis B virus (HBV) among children, we investigated the quantitative
relationship between HBY insaliva and blood from 46 children with
chronic hepatitis B.

We found high levels of HBY DNA in saliva of 1BeAg (+)
children, suggesting saliva as a vehicle for horizontal transmission of
HBV among children.
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H epatitis B virus (HBV) infection is a major global health problem
and more than 350 million people worldwide are chronically
infecied, The course of hepatitis B infection is depcndem on age af the
time of infection. When infected perinatally, 90% of children become
chronic carriers and 25% develop liver cimhosis and are at risk for
hepatocellular carcinoma. During childhood the BV infecied chil-
dren are in & prolonged inmmune (olerance phase, and they constiwie
a silent infectious reservoir that masy furber maintain and spread 1BV
to susceptible individuals.

The most common routes of acquiring hepatitis B infection
in aduls are sexusl cantact and shaving njecting equipment. In
chiidhoeod. perinatal and hovizontal child-o-child transmission are
the most common modes of transmission, but the mechanism of
viral spread in horizomal transmission remains to be elucidated.””

Since 1992, WHO has recommended global vaccination
against HBY, and by the end of 2006. 168 countries had imple-
mented or were planning to implement a universal HBV immuni-
zation program for newborns, infants. and/or adolescents. Only 7
countrics in Northem Europe bave not yel implemented such @
policy—Denmark. Finland, lcelind, the Newherlands, Norway,
Sweden, and the Uniled Kingdom.” These couniries have adopled
an at-visk strategy offering vaccination w individuals at high risk
of infection.® The sclective immunization sirategy in Denmark
includes immunization of st and children at day-care centers
before an HBsAg positive child is admitted. The Medical Qfficer
of Health informs stafl and parents before the vuccinations are
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given, and knowledge about the individual child with chronic

hepatitis B infection is confidential. However, despite professional

information, this strategy can cause social diserimination of ihe
family and the child with chronic hepatitis B infection. The
selective strategy in Denmark does not include hepatitis B vacci-
nation before school enty, and parenis are not obliged to infonn
the school that their child has chironic hepatitis B infection. For the
parenis of z child with clironic hepatilis B infection, this policy
Jeads 10 fear of transmission of HBV from their child 10 unvacei-
nated children at school. The potentizl importance of safiva as a
vehicle ‘of spread is ofien a major concem. ahhough ransmission
[rom saliva has not been documented except through percutaneous
exposure (eg, a bite (hat breaks the skin).® Recent studies have
shown that 1BV DNA is present in galiva from infecled adults and

" that there 3 g2 quantitative corretation between viral load in saliva

and serum.”

The aim of this study was 1o explore the potential signffi-
cance of saliva as a2 vehicle of transmission, and the guantiative
refationship between BV DNA in saliva and in plasma 0‘”
children was determined. .

MATERIALS AND METHODS

In Denmark, chronic hepatitis B infection has been a noti-
fiable discase since the year 2000. All children nationwide, aged &
to 16 years, notified with chronic hepatitis B {(n = 18{}) were
mvited by letter 1o participate in the study during the period May
2006 to November 2008, The families of 46 children responded
positively, and after written informed consent from the parents, 46
childrcn were included in the study. Blood and saliva samples were
obtained at the children’s clinical visits every sixth or 12th month,
The saliva samples were obtained using the saliva collection kit
Oracol (Malvern Medical Developments, Worcester, United King-
dom). Blood was collecled in EDTA tubes, spun. and separated
into cells and plasma fractions. Purification of HBY DNA from
plasma and saliva was performed uvsing the MagNa Pure 1LC
Instrument {Roche Applied Science, Penzberg. Germany). HBV
DNA in plasma and saliva was quantitatively measur ed using the
HBV TaqMan Assay as previously described.” The lower detec-
tion limit was 50 1UAnL. Te monitor both loss and inhibition of the

samples, a universal internal contrel consisting of 4 known number

of Phocid herpesviras 1\ pe-1 particles was added to the samples. a7
previously described.'® Corrections in viral load assessments weré -
made il necessary. Data on the serological stotus (HBsAg, ] lBeAg,,
anii-HBeAg) were obtained from the children’s clinical records,
Statistical analyses were performed vsing mixed models with
randon intercepts with the statistical environment R-2.8.1 using
the NLME package. taking into account repealed measurements on
several of the patients. All HBY DNA values were fog transformed
by the natural legarithm prior 10 analysis, (0 ensure normality of
standardized residuals.

RESULTS

A total of 46 HBsAp positive children were inchled in the
study. Two children were eacluded from the analyses as they
converled from MBeAg (+) 1o HBeAg (—) during the siudy
period. end one child was excluded due 10 unknown HBeAg status.
Ol those, 25 (58%) of the children were [1BeAg (+1and 18 (429%9)
were HBeAg (—). Mean age at sample date was 10.2 years (SD *
3.9 vears). The number of samples collected ranged from | 10 7
from ench child. n wtal, we collected 117 plasma samples and 124
saliva samples from 43 children; 116 plasma and saliva samples
were paired.

The geometric mean for 1BV DNA in plasma from HBeAg
(+) children was 41.9 X 10% JWmL and 33.9 X 10 1U/mL in
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TABLE 1. HBV DNA in Saliva and Plasma From Children With Chronic Hepatitis B

Infection According to HBeAg Status

Log HBV DNA

Geometric Mean HEV

Subjects/Specimens Ul 95% CI DNA 1UmbL 95% CI

HBeAg (+)

Plasma ) 17.6 16.6-18.5 41.9 x 10° 16.7 % 10° to 105.0 x 10°
- Saliva 10.4 9.5-11.4 33.9 x 1¢° 13.0 % 10" 10 6.4 X 107
HBeAg (—)

Plasma 6.8 5.9-7.6 880 380-2038

Salivz NA¥ NA* NAx
HBeAg (+) ve. HBeAg {—) 10.6 9.2-12.0 <0.001

in plasma

HBeAg (+) saiiva vs. .7 24-49 <0001 .

HBecAg (—) plasma

Al values below lower detection limit.

“saliva, compared with 88¢ JU/mL in plasma fom HBeAg (—)
children. This showed a 39 times higher levels of HBY DNA in
saliva from the HBeAg (+) children than in plasma from the
HBeAg (—) children (7 < 0.001). HBV DNA was undetectable in
saliva from the HBeAg (~) children (lower detection limit 50
" 1UAmL). Resulis are shown in Table 1.
In 60% (30/84) of sumples from 11BeAg (+) children, HBY
DNA levels in saliva were above 14 JUAnL, and in 33% (28/84)
HBV DNA levels were above 10° TU/miL.
When unalyzing the paired measurements of quantitative
HBV DNA in plasma and saliva samples, we found a linear
relationship belween log HBV DNA in plasma and saliva of the
HBeAg (+) children described by the equation:

Jog HBV DNA in saliva = — 6.63
+ 0.92 times (log HBV DDNA in plasma)

The relationship is presented graphically online in Figure,
Supplemental Digital Content 1, hitpi/flinks lww.com/INF/A417.

DISCUSSION
o Saliva has been considered a potential source of HBV
transmission, and BBV 'DNA has been detecled in saliva from
adulis.”-* We studied paired saliva and plasma samples from 43
children with chronic hepatitis B and known HBeAg status. We
found a high level of BBV DNA in saliva from the HBeAg (+}
children. Of note. the Jevels of 11BY DNA were 39 times gher In
saliva from the 11BeAg {+ ) children than it was in plasma fiom the
HBeAg (—) children.

Qur findings show that saliva iz a source of HBV DNA.
Assuming thal HBY DNA levels reflect the number of infectious
particles, saliva is a potential vehicle of spread of HBV. However,
studies ol the infectivity of 1IBY DNA in saliva are limited due 1o
lack of availuble animal models and cell lines that support HIBY
infection. 11 is known that HBV can survive Jor at least 7 days
outside the body, and thai infection through close tmerpersonal
contact within households is a commnon mode of transmission of
BV during early childhood in high endemic counties.®® [t is
presumed that in these settings transmission occwrs from skin
lesions or by sharing biood conwminaled obijects, althouvh a
specific pathway of transdermal exposure is rarely identified.

A significant concern for children with chronic hepatitis B
mfection and 1heir parems, is the risk of infecling unvaccinaied
children. Older children miglt experience auxiousness when shay-
ing drinks and food with friends. Because not all countries rou-

4606 | www.pidj.com

tinely vaccinale children against hepatitis B. it is a dilemma
affecting familics in those countries.

In samples from the }iBeAg {—) children, 17BV DNA was
not detectable in saliva (Jower detection limit 50 JU/mL) and the
levels of HBYV DNA were low in plasma in this group (880
TUAnL). This confirms our knowledge that HBeAg (—) children are
rauch less infeciions than HBeAg (+) children, 11 is shown in Fizure,
Supplemental Digital Content 1. htp:/links.ww.com/INF/A417, 1hat
HBV DNA becomes detectable in saliva a1 a level where log
HBV DNA in plasma is around [ 1, corresponding 1o & viral load
in plasma of zbout 60 X 10’ YU/mL. 1t has been discussed at
what levels HBV DNA of a chronic carrier should be consid-
ered 10 be infectious. Various guidelines are used in 1he European
countries for when health care workers are allowed 1o work with
exposure prone procedures. based on kvowledge of HBV DRA
levels at which 1BV transmission has occwred. In the United
Kingdon1 and Ireland. a cut-ofT limit of 10* HBY DNA copiesmL
(=185 JUAnL) is used; in the Netherlands it is 10 copies'mL
(=18.5 X 107 TW/mL) and & European consensus group decided in
2003 for a cut-off level at 107 1BV DNA copies/mL (=1.9 X 10°
IUAnLY 2

The mean viral load in saliva fFom [HBeAg (+) children in our
study was 339 X 107 I/mL and 3396 of these children hod 11BY
DNA levels more than 10° 1U/mL. Provided that the saliva is conta-
gious. these children should be considered as highly infectious.

We found a clear association between HBY viral load in
plasma and saliva, Similar resulte hove Bren shown in adulgf
As discussed, we do not know whethei the HBV DNA in saliva
is infecticus, but it has previously been demonstrated that
inaculation of chimpanzees and gibbons with saliva from hep-
atitis B infected individuals caused an acwe infection.'®!
Today contact tracing of the wansmission of HBV using epide-
miological and molecular data can identily possible sources of
infection.”®

Infection with BV in childhood has serious conseguences,
as most children become chronic carriers and are at increased rigk
of developing liver cirvhosis and hepatocellular carcinoma. We
have an ethical duty on both individual and country level 1o protect
children from an oncogenic virus when we bhave the meuns to do
so. Universal inmunization can be implemented during infancy
and adolescence; vaccination of adolescems provides immuniza-
tion at a time of increased high-risk behavior, However, vaccing-
tion of infunts is preferable because hmmunizaion of this age
group is better established, and children infected a1 1his ape wre ai
hiph visk of acquiving chronie infection. Universal vaccination
might allevize the fear of saliva as a potential vehicle of trans-
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mission among children, and it is the only logical strategy to
protect against HBV infection.
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SEQUENCE TYPES AND ANTIMICROBIAL
SUSCEPTIBILITY OF INVASIVE STREPTOCOCCUS
PNEUMONIAE ISOLATES FROM A REGION WITH
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SUBOPTIMAL VACCINE COVERAGE
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Abstract: Multilocus sequence fyping was coried ow on 95 invasive

pocumocaccal isalates belonging 10 the most common 7 serotypes cur-
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rently circulating in Taiwan. The study confirmed continued prevalence in
Taiwan of a few global clones and sequence types {STs) since the
mid-1990s and identified the recent emergence of ST320 (19A) and ST902
(6A). Antimicrobial nonsusceptibility was common in the predonsinant
5Ts of serctypes 14, 19A, 19F, and 23F.
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Dissemin:uion of multiple antibiotic resistant clones of Srrep-
10coccus ;me'umcmiae across regions and countries 1§ well
documented.™> Global clones and their \'mgmlm which have
spread in Taiwan, include Spain®®.2, England!*-9, Tdrwanw’ -14.
Colombia®*"-26, Spain®*"-1, and Tajwan®*F-15.56 Recently,
Hsieh et al, reported the emergence of invasive seroiype 19A
isolates i Taiwan among the 2007 invasive pneumococcal iso-
lates.® To prevent pneumacoccal infections, 7-valent preumococ-
cal conjugate vaccine (PCV7) is being widely used.”” PCV7 has
significantly reduced invasive pneumococcal diseases (IPD)
caused by vaccine serotypes, but serotype 19A hus dramatically
increased in some countries, but not in others.”f In Taiwan PCV7
wis not zvaitable umtil October 2005.° The vaccine is now being
used in the private sector, with a Jow penetration in the pediatric
population.® The aim of this study was 10 determine the sequence
types {5Ts) of commeon serotypes that caused 1PD in Taiwan aficr
the introduction of PCV7. We also analyzed antimicrobial suseep-
tibility patterns of 1these isolates,

METHODS

The 95 IPD isolates were selected for sequence 1yping ane
antimicrobial susceptibility testing because their serotype distribu- =
tion covered the most common 7 serotypes currenily cireulaling in
Taiwan.? All these preumococcal isolates were identified as de-
scribed previously by Hsieh et al.® An IPD isvluie was from a
positive blood culture or pleural fluid culture from a child with a
consolidation patiern upon chest x-ray. IPD also included primary
bacteremia without focus defined as a positive blood culture from
a ¢hild with fever but without a focal lesion. These isolates were
collected from Chang Gung Children’s Hospital {(CGCH} during
2005-2007. The age range of children was from' 1 10 9 years, with
a median of 4.5 years. Prior 1o all experiments. the S. pacumoniae
isolates were cultivated in trypticase soy agur with 3% sheepr blood
{in CO, incibator). Amimicrobial susceptibility to penicillin,
celuriaxone, erythromycin and imipenem was assayed by E-test
{AB Biodisk, Solna, Sweden) and interpretation was based on
Clinical and Ldbmdimy Stundards Institute standards.” The sus-
ceptible, intermediately resistant, and resistant MIC interpretative
breakpoints for penicillin (nonmeningitis criteria) were =2 up!
mb, 4 pe/mL, and =8 pefml, respectively.” Serolyping was
performed by latex apghotination and confirmed by Quellung
reaction (Statens Serum Institute, Copenhagen., Denmark). All the
serolypes were double checked by a PCR method described
earlier.’® The nucleolide sequences of 450-bp internal regions
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The efficacy of individual-donation and minipool testing to
detect low-level hepatitis B virus DNA in Taiwan

Meng-Hua Yang, Lei Li, Ying-Shen Hung, Cheng-Shen Hung, Jean-Pierre Allain, Kuo-Sin Lin, and
Si-Jen Lin Tsqi

BACKGROUND: Financial constraints are the main
concern in implementing nucdieic acid testing (NAT) as
routine blood screening in Taiwan, The PROCLEIX
ULTRIO assay (Ultrio} on the TIGALS System {Movartis
Diagnostics) was evaluated for its bpexaﬁonal perfor-
mance both for individual-donation testing (IDT) and in
minipocls of 4 (MP4) to develop a feasible solution.
STUDY DESIGN AND METHODS: Analytical sensitivity
was determined by testing WHO international stan-

' dards. We tested 10,290 blood donors, 4210 in IDT and
6080 in MP4. Potential hepatitls B virus {HBY) yield
donors {hepalitis B surface antigen [HBsAg] negative/
NAT reactive) weare evaluated for up to 8 months’
follow-up. Discordani results between the Ultrio assay
and the HBsAg tests were further analyzed by HBY
antibody serology, alternative NATs, HBYV DNA quantifi-
cation, and sequencing.

RESULTS: The 95% limits of detection in JW/mL {85%

confidence interval} were as follows: human immunode--

ficiency vitus Type 1 (HIV-1}, 18 {12-34); hepalitis C
virus (HCV), 4.4 (2.8-8.9); and HBV, 6.3 (4.4-11). The
retest rates were 0.55% for 10T and 0.33% for MP4. No
HIV or HCV vyield cases were found, while there were
12 potential HBV yield cases, nine from IDT and three
{rom MP4 testing. Eleven of them were successfully
genctyped as B2. Ten of thern returned for follow-up
and mostly were determined &s occult HBY infection
{OBI). The [DT yield rate of 9 in 4210 (0.21%) was four-
fold greater than the MP4 yield rate of 3 in 8080
{0.05%; p < 0.05).

CONCLUSION: The higher yield rate for IDT versus
MP4 demonstrates the benefit to implement a more
sensitive NAT stralegy in regions having significant OBl
carers such as Taiwan. .

ntroduction of nucleic acid amplification testing

{NAT)-has been shown 1o result in the improvement

of blood safery in many countries arcund the world.!

NAT markedly reduces the window period (WP)
defined as the time between infection and first detectable
viral marker, compared to serologic assays. NAT can detect
not only WP infections for human immunodeficiency
virus (HIV), hepatitis C virus (HCV), and hepatitis B virus
(HBV), but also occult HBV infection {OB1), which are
missed by even the most sensitive hepatitis B surface
antigen (HBsAg) tests. NAT has been introduced in North
America, many European countiies, Ausiralia, New
Zealand, and parts of Asia including japan, Hong Kong,
and Singapore. However, at the thme of this study, it hag
not been implemented in Taiwan. While NAT screening
for HIV-1 apnd HCV is more widespread than for HBY,
the recent advancement of automated or semiautomared
systems with multiplex tests has facilitated the

+ ABBREVIATIONS: d = discriminatory (1BV, 1ICV, 111V-1 assay):

27

1T = individual doner testing: LOD(s) = limit(s) of detection;
MP4 = minipool of 4; OBI{s} - occult hepatitis B virus
infection(s); ¢PCR -+ quantitative polymerase chain reaction;
SICO - signal-to-cutolf: TTIBV = wransfusion-transmitted T3V
W) = window periocl.
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simultaneous screening of all three viruses. The two assays
currently commercially available are the Chiron PRO-
CLEIX ULTRIO- assay (MNovartis Diagnastics, Fmeryville,
CA) and the Roche cobas MPX assay (Roche Molecular
Systems, Pleasanton, CA).

Taiwan is an endemic area for HBV infection, with an
HBsAg seropievalence of 17.3% compared 10 4.4% for
HCV? and 0.012% for HIV? Adoption of anti-hepatitis B
core antigen (HBc) screening that correlates with HBV
exposure, in many low-prevalence countries, resulted in
the deferral of only a small number of donors. However,
adding this safety measure in Taiwan, where anti-HBc
seropositivity is reported to be 16% to 90% in the general
popularion,’® would defer far too many otherwise accepi-
able donors. _

Taiwan has implemented widespread HBV vaccina-
tion since 1985 and adopted third-generation HBsAg
blood screening tests to limit HBV infections. None-
theless, one study® reported that at least 3% of the
population carried occult HBV and hence transfusion-
transmitted HBV (TTHBV) infections still ocour under-
scoring the need for additional blood safety measures,
Wang and coworkers’ estimated that approximately
0.02% of donated blood in Taiwan could transmit HBV
and predicted rhe HBV NAT yield to be 20-fold higher in
Taiwan than in low-prevalent regions such as the United
Staies, A more recent study® showed the rate of transfu-
sion transmission of HBY in Taiwan to be 7- to 40-fold
higher than that observed in low-prevalence couniries
with approximately (.1% of the transfused recipients
acquiring TTHBV. The same study showed that even
some vaccinated children with jow levels of anti-HBs
devefoped HBV viremia posttransfusion, highlighting the
continued threar of TTHBY despite the use of sensitive
HBsAg blood screening and maore than 20 years of HBV
vaccination.®

While many recent evaluations of NAT systems in
Asian populations have demonstrated their clinical utility,
especially for HBVA 1 each country undertook evaluations
of NAT, given the complexity and cost of NAT, in its own
serting and determined which muhiplex test is best suited
10 their circumstances. A recent pilot study™ of minipool
NAT screening of Taiwanese blood donors with an alter.
narive technology showed yield raiés 0.10 and 0.01% for
HBV and HCY, respectively, that were higher than those
observed in Hong Kong.®

The ohjective of this study was 1o evaluate both the
performance of the Ultrio assay on the automated TIGRIS
System under standard operational conditions and its
ability 1o identify infectious.units in seronegative Taiwan-
ese blood donations (yield). A secondary ohjective was to
determine which configuration of the Ulirio assay, indi
vidual donor testing (101 or minipool of 4 (NP4) testing,
would provide the optimal combination of operational
efficiency and blood safety in Talwan.
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MATERIALS AND METHODS

PROCLE!X ULTRIO assay

The Ultrio assay is an in virvo NAT wtilizing transcription-
mediated amplification for the gualitarive dereciion of
HIV-1 RNA, HCV RNA, and HBV DNA simubianeously in
human plasma. The technelogy has been previously
described. ! IF

Analytical sensitivity

To verify the analytical sensitivity for derecting HIV-1,
HCV, and HBY, diluted panels of World Health Organiza-
tion (WHO) international standards (HIV-1 RNA Interna-
tional Standard 97/656, HCV RNA International Standard
96/798, and HBV DNA International Standard 97/746)
were tested. The WHO international standards were

- obtained from the National Institute for Biological Stan-
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dards and Control (NIBSC, Herifordshire, UK) and panels
were prepared at Acrometrix (Benicia, CA}, by serially
diluting the respective standard with nonreactive human
plasma and storing aliquots at -80°C. Fout sets of each
WHO standard panel were prepared and tested, each set
consisting of eight concentrations, with eight replicates of
1.5-ml aliquots for each concentration. The anahyical
ranges for each WHQO standard were as follows: 0.23 10
30 1U/ml for HCV, 0.78 to 100 TU/ml. for BHIV-1, and 0.31
10 40 1U/mL for HBV. Aliguots were stored frozen at -20°C
until testing, Eight replicates of each conceniration were
tested on each of three different days, to give a roial of 24
replicates for each difution of each virus. An additienal
eight replicates of all soncentrations were tested with the
PROCLEIX HIV-1, HCV, and HBV discriminatory assays
(dH1V-1, dHCV, dHBVY on a fourth day. A Probit statistical
model'” was applied to the analytical sensitivity data and
the 95% limir of detection (LOD) was calculated for the
Ultrio assay and the discriminatory assays.

Operational performance

Systein reliability was assessed by computing the total
sample invalid rate, the failed run rvate for both 1D and
MP4 testing, and the non-repeatable-veactive rate. A total
of wo reagent master lois were used in 64 test runs over 1
weeks by three operators.

Assay reproducibility

Sighal-1o-cureff (S/C0O) ratio results, including the means,
standard deviadons, and coefficients of vadaton (CV),
frony both assay controls and viral calibrators, were used
1o assess assay reproducibiling. Data were taken from the
routine testing suns only and did not include proficiency
runs or runs of the WHO standards. Duta were separately
collected for the two master fots used in the study and the

o



three aperators who performed the assays. Resulis from
the operator who performed the fewesrt tests were com-
hined with those of another operator for purposes of
analysis.

" Blood donor testing

A total of 10,290 different and consecutive blood denor
specimens were coflected at the Tajpei Blood Center from
August 13 to October 4, 2()()7.'I‘I1esekhinod donors had met
the routine blood donation criteria established by Taiwan
Health Authority and had consented to NAT screening of
their blood. The study was conducted according to the
regulatory guidelines in Taiwan and followed the Good
Clinical Practice and Good Laboratory Practice Guidelines
consistent with the principles originating in the Declara-
tion of Helsinki. A separate BD VACUTAINER PPT plasma
preparation rube (Becton Dickinson and Company, Fran-
klin Lakes, NJ) was collected exclusively for NAT assay.

Routine serologic testing of donor specimens for
HlisAg (Murex HBsAg v3.0, Abbott Diagnostics, Dartford,
UK), anti-HCV (Murex anti-HCV v4.0, Abbott IDiagnostics,
Kyalami, Sourh Africa), and ami-BiV-1 and -2 {Murex HIV
1.2.0, Abbott Diagnostics) was performed according to
Taipei Hood Center's established standard vperating pro-
cedures. Study specimens were linked to donors 1o permit
follow-up evalustions.

Of the 10,290 specimens, 4210 were tested in (DT
format and G080 were 1ested in 1520 pools of MP4 format.
. MP4 testing was performed by pooling equal aliquots of
plasma from four donation specimens. If a pool was reac-
tive in the Ultrio assay, each specimen from the reactive
pool was Individually tested to identify the reactive
specimen(s).

All Ultrio assay-reactive specimens, whether identi-
fied thyough 1IDT or MP4, were further tested with rhe
discriminatory assays 1o tetermine specific viral activity.
When the Ultrio assay was nonreactive and the donor
specimen was seronegalive, the testing was considered
complete.

Supplemental serologic and alternative NAT

Donor specimens with discordant results benween the
Litrio assay and the serologic 1ests of record were retested
using specimens taken directly from the plasma unirn
Supplemental serologic 1ests for HRY, HOM and AV were
the HBsAg neutralization tesi (Quest Diagnostics, San
Juan Capistrano, CA), anti-BOY recombinant immnunoblo
assay (Novartis Diagnostics, Emenyvilie, CAL and ani-
HIV-1/2 Western blot (MP Dingnostics, Singapore),
respectively. Additional supplemental serologic tesis
included anti-HBs {AXSYM, Abbott Diagnosiics, Wivs-
baden, Germanyy, anti-HBe Total and 1ght {Quest Diag-
nosticsh, and ami-HCY (AxSYM, Abbott Dingnostics),

29

NAT BLOOD SCREEMING IN TAIWAN

Alternative NAT comprised rwo assays: the NGE HBV -
UltraQuat assay (NGI Los Angeles, CA), a pohmerase
chain reaction (PCRY assay with a 95% LOD of 0.9 1U/ml,
and Cambridge University lLaboratories quantitative
(QIPCR assay (Cambridge, UK), with a 95% LOD of
20 1U/mi." J

For HIV, HCV. and HBY, the confirmed presence of
viral genome without detectable viral antigen or specific
anhtibody was identified as WP infection when follow-up
samples confirmed seroconversion. For HBV, samples
with the presence of DNA associated with, anti-HBc
and/oranti-HBs were defined as OBLY

HBV nucleic acid sequencing and genotyping

Viral NDNA was quantified from 500 pl of plasma.®™¥ in
addition, after ultracentrifugation of 5 1o 8 mL of plasma
depending on the volume available, full-length HBV
senoine minus 50bp in the precore region (approx.
3150 by, pre-S/8 region (approx. 1190 bp), and 300 bp in
the hasic core promoter/precore region were amplified
using nested PCR. Amplified products were direcily
sequenced and those with sequences of greater than
1000 hp were phylogenetically analyzed.?*# Deduced
amino acid sequences were compared to sequences of
HBV strains of Genotypes B and 'C published in the
GenBank darabase.

RESULTS

T L TR

Anaiytical sensitivity - - ceeoeme o )

The 95% LOD for HIV-1, HCV. and HBV of the Ultrio assay
and the corresponding discriminatory assays, as deter-
mined by Probit analysis, are shown in Table 1.

Assay reproducibility

For both reagent master lots used in the study the percent
CVs for the reactive calibrators was less than 5%. There
was 100% agreement between the expected and observed
8/CO ratio results for the Ultrio assay controls. The three

TABLE 1. 95% LODs for Ultrio and discriminatory
assays as determined by WHO panel tesled by
10T

Estimated 95% LOD,

WHG panel Assay tested KImi (359 CY
HIV RNA 97/656 Ultrio’ 18 (12-34)
dHIVY 14 {8.1-48)
HCV RNA 96/798 Ultrio 4.4 (2.6-8.9)
dHCV 8.5(3.863)
HBY DINA 877746 Ulivio 8.3 {4.4-11)
dHBY 12 {5.6-69.1)

* Performed on 3 separaie days with eight replicates per day.
for a totai of 24 replicates.
* 1 Performed on 1 day with a 101al of eighi replicates.
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operators gave consistent and reproducible results (with
no significant differences) for the reactive control speci-
mens (data not shown).

Operational performance

A total of 4210 donations in 1IDT and 6080 donations in
1520 poals of MP4 were tested with the Uhiric assay on the
TIGRIS platform. A summary of the testing data is shown
in Tables 2 and 3. The non-repeat-reactive rates were
0.07% for 1DT and 0.13% for MP4. There were 23 invalid
results among 4210 specimens tested 1DT (0.55%) and 5
invalid results among the 1520 pools tested (0.33%). All
invalid results were valid when the tests were repeated.
The retest specimen rate of 0.27% was mostly a result of
4Ssay Processing errors.

Seronegative donor specimens tested in IDT and
MP4

Testing results for 10,290 donor specimens by serology
and by Ultrio assay in [DT (4210) and in MP4 (6080) are
shown in Fig. 1A. None of the NAT-only-reactive samples
wete discriminated as either HIV or HCV. Among the 4179
seronegative specimens tested in 1107, 10 were Ultrio assay
reactive. Six of these were discriminated as HBY, while four
were nonreactive in discriminatory testing, These 10

specimens were furiher analyzed; 9 of 10 were found to be
positive for HBV by alternative PCR, viralload, or genotyp-
ing and were regarded as potential yield cases. The resulis
are summarized in Table 4. Por donor IDT-A9, it was con-
sidered an indeterminate result. 1DT-AS was initially
Ultrio assay reactive but no HBV, HCV, or HIV nucleic acid
detectable {data not shown). Among the 6044 seronega-
iive specimens in MP4, three were reactive in the Ultrio
assay and were all discriminated as HBV and weye also
reactive in the NGI HBV UltraQual assay. These three
specimens were further studied as potential yield cases as
surmmarized in Tahle 4. In total, there were 12 potential
yields cases, nine from IIDT and three from MP4. They
were between ages of 30 and 63, with equal male-to-
female ratio.

Follow-up study of potential yield cases

Among the 12 potential yield cases, 10 donors joined in
the follow-up study; results of the samples are listed in
Table 4. All index samples and follow-up samples were
anti-HBc positive, except the index sample of donor MP4-
A3d. Donors IDT-A1 and 1YT-A3 became HBV DNA nega-
tive a few months after the index donations.

The combination of molecular and serologic marker
data allows further definition of the diagnostic phase of
HBV infection {Tahle 4). The presence of anti-HB¢ in all

but ene index sample excluded presero-

TABLE 2. Summary of 1DT and MP4 run resulis on Uitrio TIGRIS

conversion WP infection and in four
cases anti-HBs were also  detected

Variable . DT MP4
Number of individual donor samples 4.210 6.080
Total rumber of pools tested 4.210 1,520
Number of initially reactive pools 32 23
Initial reactive rate 0.76 1.51
Number of resolved pools NA 21
Number of reactive donation(s) on ] 28 21
discrimination assay
Non-repeat-reactive 10T/pools (% 4 {0.09} 2 {0.13}

Total number of batches M 24

Toal invalid batch (%) 1* (4,76) 00

Total retested denor samplest (%%} 23 {(.55}) 5 {0.33)
Assay processing efror 22 5
Ivtemnal control invalid 1 [}

Total indicating resolved infection. In 11YT-A9
12323 where *molecular confirmation  was
T s doubiful, the presence of anti-HBe did
0.96 not particularly bhelp the diagnostic

ﬁ; process because 16% 16 90% in the Tai-
wanese general population’ carry this

6 (0.1} marker. The potential yield cases were
1'4(2_22) genotyped as B2, except donor IEYT-A10,
28 (0.27) This sample could not be amplified in

27 any of the four different regions targeted

1 [TV TR SN R SO T DU voresal Lo ~
arthoiigh the viral load tesied by gPCR

* Caused by negative control and HIV-1-positive control volume error.

NA = not available.

t The retested donor samples resulted from invalid tests or invalid bateh.

provided a positive result,
Finally, in" 10 donors, at least one

follow-up sample was abtained and this

TABLE 3. Summary of serology and Ultrio results observed

- 0T LiP4q
Result HIV-1 HCV HBV Total HIV-1 HCV HBV Total
Seropositive/Ultrio nonreaciive 4 1 4 9 7 0 g 16
Seropositive/UItrio reactive and discriminaled 0 2 20 22 0 4 16 20
Seronegative/Ulirio reactive 0 0 6 & 0 0 3 3
Seronegative/Uktrio reactive and nondiscriminaied T ¢}
Setonegative/Ultrio nonreactive 4169 65041

* Three conlirmed 1eaclive; one indeterminate 1esull by allemative NAT (see Table 4).
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A
4210 screened by IDT- MAT 6080 screened by MP4-NAT
and seralogy ' and serology
Seronegative n=4179 Seronegative n=6044
¥ L] L 280
IDT-NAT {NR) IDT-NAT {R} MP4-NAT{NR} MP4-NAT (R}
n=4£169 n=10¢ n=6041 n=3
: | |
dHBV (R) Non-giscriminated dHBY [R) Mon-giscriminated
n=g" n=4* n=3* n=p
B
4210 screened by IDT-NAT 6080 screened by MP4-
and serology NAT and serology
[
Y
Seroposdive n=31 Seroposidive n=38
! | 4 L I ]
HBsAg(+} anti-HGV(+} anh-HIV-1{+) HBsAgQ(+] anti-HCW{+) anli-HIV-1{+)
=24 n=3 n=4 n=23 n=4 n=7
DT NAT(R). IDT NAT(R), MP4-NAT(R}, MP4-NAT{R),
dHBV {R): o ¢HCV Ry ] IDT-NAT{R}: dHBV [R): dHEV (R): MP4-NAT(R):
n=20 n=2 n=0 n=16 n=4 n=0 "]
3 h h. b k.
IDT-NAT(NR): IDT-NAT{NR): IDT-NAT(NR}): MP4-NAT(NR): MP4-NAT{NR): MP4-NAT(NR):
=4 * n=1 n=4 n=9" n=0 n=7
RIBA(+): n=1 WE(-}: n=4 WB (1): n=2
WB {-}: n=5

Fig. 1. {A) Resulis of seronegative donations screened by 1DT and MP4 and serology. NR = nonreactive; R = reactive. *All these
samples are discussed in Table 4, (B) Resulis of seropositive donations screened hy IDT and MP4 and serology. NR = nonveactive;
R =reactive, | = indeterminate; RIBA = recombinant immunoblol assay; WB = Western blot. *All these samples are discussed in

Table 5.

refined the preliminary classification obtained on the
hasis of molecular and serologic results. In eight cases, te
results obtained in the index samples were reproduced in
1he follow-up samples available confinming the diagnosis
of OB In owe cases, [1YTA3 and 11)T-AB, a low level of
anti-HBs was found in follpw-up samples indicaring cases
of resolved infectinns with fluctuating levels of anti-HBs.
In HYT-AS HidsAg was detected in the follow-up sample
iogether with the persistence of anti-HBc aiready present
in the index simple. This profile suggested a chronic HBYV
infection with fluctuating, low-tevel, HBsAg. In MP4-A3,
the Tollow-up sample became anti-HBe positive, while it
was negative in the index donation. And the presence of

BBV DNA in index donation of MP4-A3 suggested that this
donor was @ window case during that time.

Seroreactive donor specimens tested in IDT and
WMP4

Testing resuhts for the 31 seroreacrive donor specimens
identified ameng the 4210 1ested in [DT and for the 36
seroreactive specimens within the G080 samples screened
in MP4 are shown in Fig. 113 Amang the 31 specimens
tested in [T, 24 were HBsAg reactive, three were anti-
HCV reactive, and three anti-HIV reactive. Twenty of the
24 HBV-seroreactive specimens were also dHBV reactive,
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TABLE 4. Confirmation and possible status of HBY vyield cases in Taiwan
HBV DNA HBV serological markers Possible
Time Viral load HBsAg Anti-HBs HBV status
Doner D {days) dHBV Alt PCR* (IU/mL)t Genotypead (PRISh} Anti-HBc§ (mEL)Y of donors
1DT-A1 Index R® P 7 B2 N P N 0Bl
81 P N P N
189 e N P N
261 N N P N
\DT-A2 Index R P 15 B2 "N P 488 OB
85 P N P 367
276 P N P 434
IDT-A3 Index R P N B2 N P N ol=]
82 P N P 13
144 N N P 8
215 N N P 6
IDT-A4 Index R P 48 B2 N P N OBl
7 P N B o
IDTF-AS Index R P <5 82 p*- P N CHBV{1
215 P P P N
IDT-AB Index R P <5 B2 Yl P N OB
160 P N P 11
IDT-A7 index NR P N B2 N P N . OB
189 P N P N
IDT-A8 Index NR N N B2 N P 86 0Bl
185 N N P 65
256 : N N P 66 - :
IDT-AS Indextt NR N N NA N P P nd§§
IDT-A1G Index}i NR N 6.4 NA N P P oBl
MP4-A1 Index R P 9 B2 N P N OBl
175 o N P N
MP4-A2 Indexii R 4 N B2 N t N OBl
MP4-A3 Index R P N B2 N N N weP
253 P N P N New infection
* Alernative PCR by NG| HBY UltraQual,
1 Results of Cambridge gPCR with numbers indicating viral foad in [lU/mL. <5 indicates a signal (oo low to allow reliable quantification,
1 HBV genotyped by sequencing. .
§ The results comespond to IgG anti-HBc. All the anti-HBc IgM determinations were N,
1 Anti-HBs is given either qualitative {P or N) or quantitative in mtU/L.
** HBsAg N by Abbott Murex {S/CCO = 0.9} and Ortho Assays: P by PRISM in subsequent analysis.
11 Chronic HBV infection with low and flucluating HBsAg level,
14 Donor was lost to follow-up,
§§ Indeterminate result, possibly contamination or OBl
N = negative: NA = not available; NR = not reactive; P = positive; R = reactive.

while four were nondiscriminated and were further inves-
tigated (Table 5).

Thirty-six seroreactive speciimens (25 HBsAg, four
anti-HCVY, and seven anti-BIV} were involved in NAT MP4
testing. Sixteen of the 25 HiisAg-reactive specimens were
dHBV reactive and were considered true positive while
nine were not and were further investigated as shown in
Table 5.

Of the seven anti-HCV-reactive specimens (three [T

and four MP4), six were HCV RNA reactive. One of the three

IDTreactive specimens was found to be dHCV nonreac-
tive, Of the 11 anti-HiV-reaciive specimens {four IDT and
seven MP4), none were HIV BNA reactive and none were
confirmed antibody positive by Western hlot (see Fig. 1B).

DISCUSSION

In a region where up o 90% of the populaiion has evi-
dence of past exposure or ongoing infection for HBV?
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undetected OBIs pose a great 1threat 10 blood safery. While
NAT only yield cases may occur under a number of
circumsiances—11} acute infection in the WE 2) tail end of
a chronic HBV infection, 3) persistence of low-level HBV
replication in the presence of anil-HBs, and 4) escape
mutant ot detected by current HBsAg assays™“—for this
discussion we restrict the term of OBl to refer 0 HBV
infection wirh the presence of anti- RBc and/or anti-HBs
wiith no other deteciable HBV markers except for HBV
DNAH While the transfusion ransmission risk is lower for
OBls than for WP infections,®s OB1s numerically pose a
maore significant 1hrea 16 1he bload supply, especially in
HBV-endemic countries, ¢

In Asia, Tatwan in particular, many repons indicazed
that HBV DNA could be present, generally at a fow level, in
HBsAg-negative but  anti-HBc-paositive blood  dona-
tions. & The proportion of this type of blood donation
(1%-7%) was considerably higher than in low- prevalence
Western  countries  {%-3.5%15¢ 8 ldemifying * and
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TABLE 5. Profile of the 13 Ultris-nonreactive initially HBsAg-positive (Abbott Murex) specimens
HBV serologic markers HBV DNA
HBsAg HBV antibodies Ultle \DT
Donor iD Murex (S/CLP) PRISM Neutralization Anti-HBc Anti-HBs' {Reactive/Jotal} Ultrio gHBY Alt PCRT
IDT-B1 2856 P P P N NR (0/3) NA R
1D7T-B2 10.88 P P P N NR (0/3) NA NR
iDF-B3 6.68 P P ] N NR (0/3) NA NR
IDT-B4 3.56 P P P N R (1/3) NR (0/3) R
MP4-B1 50.66 P P P N R (3/3) HBY R
MP4-B2 347 ] p p N R (1/3) HBY R
MP4-B3 159 P P [ N R (2/3) NR (0/3) NR
MP4-84 145 P P P N NR {0/3) NA R
MP4-B5 10.72 P P P N NR (0/3) NA NR
MP4-Bg 1.32 N Not confiimed P N NR {0/3) NA NR
MP4-BY 112 N Nol confirmed N >1000 NR (0/3) NA NR
MP4-B8 222 N Not confirmed N >1000 NR (073} NA NR
MP4-89 1.00 N Not confiimed N N NR (0/3} NA NR
* Anti-HBs is given either qualitative (P or N) or quantitative in miJ/L. '
1 Alternative NAT: NGI HBV UltraQual assay used LOD = G.9 iU/l
NA = not available: NR = nonreactive: R = reactive.

excluding such donations from the blood supply in
Taiwan is important since it was demanstraied that this
type of blood can be infectious by wansfusion 572 The risk
of HBV transmission with the anti-HBc—"alone” blood has
been reported to cover a wide range (0.4%-90%). In con-
trast, in a Japanese sturdy, no donations cantaining both
HBV DNA and anti-HBs were found infectious through
transfusion.® However, a recent report from Slovenia pre-
sented nvo cases of HBV transmission by transfusion of an
OB1 unit containing low levels of anti-HBs.* Furthermore,
vaccinated children with low levels of anti-HBs but rela-
tively immunoccompromised appeared to e susceptible
to. HBBY infection after mansfusion with HBsAg-negative
blood products.t Therefore, on the basis of these studies, it
appears important for blood safety in Taiwan that routine
HBV NAT be implemented in addition to the current
HBsAg screening.

Assay performance characreristics are critical 1 the
mterdiciion of potentially infectious donations. A UK
model, adjusted for test and processing errors, revealed
that 22% of the risk of transfusion-transmited infections
(including HEV, HCV, and HiV) was the resuit of test fail-
ures and operational errors,® underscoring the need for a
robust, reliable screening assay. The Ultrio assay in our
hands had both a low invalid test rate of 0.27% and a low
overall non-repeatable-reactive rate of 0.07% for 10T and
0.13% for MP4. These characteristics, along with jts high
assoy sensitivity and specificity, provide a suitable system
for routine screening of the blood supply in Taiwan.

‘The most critical assay attribute for detection of low-
level vitemia is analytical sensitivity. Qur evaluation
stiowed the Ultrio assay to he highly sensitive with 95%
FODs of 1841, 4.38, and 6.28 TU/ml, for HIV-1, HCY, and
HBY, respectively, and 13.97, 4.54, and 12.04 1U/ml. for the
respective discriminatory assays (lable 1), These results
are consistent with the claims stated in the package insert

(PROCLEIX ULTRIO assay, Package Insert INQOJG7EN rev.
2, 2004, Gen-Probe Inc., San Diego, CA) and with the find-
ings of other investigators.®! 13495

While it was demonstrated that testing in plasma
pools of small sizes was esseniially as efficient as 1DT for
HIV-1 and HCV, pooling had a substantial impact on the
efficacy of detecting low-level HBV DNA. Results pre-
sented in Tables 3 and 4 show that proportionally more
HBY DNA-positive samples were identified among HBV-
containing donations in IDT (87.9%) than in MP4 (67.9%).
Our study provides an opportunity to determine the dis-
tribution of concovdant and discordant blood donor
samples benween the fwo main HBV tests: HBsAg and HBY
IPNA. Among the HBV-containing donations, 1DT identi-
fied 60.6% positive for hoth HBsAg and HBV IDNA, 12.1%
HBsAg only, and 27 3% HBV DNA only, whereas MP4 iden-
tified 57.2% positive for both HB3sAg and HBV DNA, 32.1%
H3sAg only, and 10.7% HBV DNA only. This distribution is
simdlar 10 the data in our previous study' (58.6, 26.8, and
14.6%, respectively). Although the nwo testing populations
in this study show different HBsAg-reactive rates {0.57%
for 151 and €.41% for MP4), they are not much different
compared 10 the (1L.48% reactive rate of Taiwanese donor
population in 2007 (from Taiwan Blood Services Pounda-
tion annual report 2007). The distribution observed in an
area like Tajwan, where HBV Genotypes BB and € are preva-
lent, considerably differs from data generated in Ghana,
West Africa, wheie Genotype B is prevolent and, tesied

with the Cambridge gPCR used in this study, 84% of

samples were HidsAg and HBVY [INA positive, 6% HilsAg
only, and 10% DNA only.

Additionadly, rthe duta presented in Table 5 suggest
that some HBsAg-positive samples may carsy an
extramely low level of HBY DNA, below the 1LOD of most
assays currently available for blood resting. This lack of
sensitivity would be further compounded by any level of
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pooling. Several aptions can be offered 10 address this
issue in addition to IDT-NAT, sucl as extraction from
larger plasma volume or-concentration of viral particles by
high-speed centrifugation.” Nevertheless, data of our
study demonstrate that, at least for the time being, HBsAg
and HBV DNA screening are complementary and that
both are beneficial for the blood safery. )

One important issue for NAT is the confirmarion and
characterization of yield cases to appropriately inform the
implicated donors. As shown in Table 4, there are three
successive levels of supplementary testing that can help to
achieve this goal: 1) alternative NAT assays for HBV DNA,
2} detection of other HBV serologic markers to refine the
HBV infection profile, and 3) testing follow-up samplesto
reach a suitable diagnosis. To verify potential (HDBsAg-
negative, NAT repeat-reactive) and probable (HDBsAg-
negative, NAT-reactive, and alternative NAT-reactive on an
alternate specimen) vield cases, we subjected index
samples to molecular analysis and genotyping and we
tested follow-up specimens from these donors with six
different serologic rests and three alternative NAT assays.
Parts of the HBV genome (pre-core, pre-S, and §) along
with the full genome were amplified in most index cases.
All vield cases were Genotype 132, which is the predomi-
nant genotype in Taiwan.™ The qualitative NAT (NGI BBV
UltraQualy with a 95% 1.OD of 0.9 TU/mL detected HBV
DNA in folow-up specimens from 9 of 11 potential yield
donors, whereas a quantitative NAT with a LOD of
100 TUAmL (Quest Diagnostics) was not able to quantify
DNA in any of the follow-up specimens, although it
detected an HBV signal in six donors (data not shown). A
third highly sensitive guaniitative NAT with a 1L.OD of
20 1U/ml. (in-house PCR, Cambridge University Labora-
tories), only being vsed for testing the index donations,
found HBV DNA levels ranging from less than 5 to 48 TU/
mi., underscoring the assay sensitivity as a defining factor
for the detection of DNA in these Iow-level specimens. In
addition, nested amplification of muliiple regions of the
HBV genome after concentrarion by ultracentrifugation
proved to be the most reliable and sensitiveé method of
confitmation {Tubie 4). These data illustrate the need for
alternative NATs with high assay sensitivity in confirming
the presence of HBV DNA in donation samples,

The seroconversion of HBsAg andfor other HBV
markers in a donor with a totally seronegative index dona-
tion distinguishes benween WP infection and other diag-
noses. In Case MP4-A3, anmi-HBc is detecred after 8
months (Table 4). Both HBV DNA and anti-HBs levels are
known 1o fluctuate in some cases. Here, examples of such
fluctuations are seen in Cases HYTAL and 1DT-A3.

The HBY yield rate for the 1137 Ultriio assay (0.21%) in
Faiwan was about five times higher than was observed in
long Kongt and was 10- 10 100-fold higher than reported
in couniries with low HBY previdence. The 12 vield cases,
10 of which were verified hy NAT reactivity in follow-up

72 TRANSFUSION Volume 50, January 2010

34

specimers, are consistent with the finding of our previous

" study on a different cohort of our donor pepulation and

with a different NAT system.

‘The results of this study could be used to estimate the
impaet of adding NAT for the whole blood donor popula.
tion in Taiwan, HBV DNA screening by [T together with
HBsAg testing would initially identify’ 3919 confirmed
donations per 500,000 donors tested. Comparing to
current HBsAg screening alone, it will interdict 1069 addi-
tional infectious donations potentially transfused to more
than 1000 recipients.

In summary, our study demonstrated that the great
majority of our yield cases were of OBl and that these yield
samples had very low viral load, necessitating the use of a
highly sensitive NAT for detection. The yield rate observed
with the IDT approach was higher than that observed with
MP4 approaches in this study which confirmed the higher
clinical utility of the more sensivive DT approach. Imple-
mentation of HBV NAT screening, especialty with the 1DT
format, shows promise in enhancing the safery of the
blood supply in Taiwan.
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EN1BTHo7. Balt 71V EVALOBRET, Ael2itfF
AR EOBBEFHTH 2. ME, OB genotype Ce 07
AL 784%, 802% LFIBETH o1, genotype Ae DFHIL
69%, 19% & MBI S BRL T Y 30 HBe iR 11
HRETHY, TATBCRACERUIFERCHoL. T RO
Gl45A 7 KEEHIO VEM hed o 1o, y B 4 HOLIEXNT#
BAT LA, AELERIIEDCE Ldol.

(%] BTRLTH RSP VEM 2815 CHB B4R o4
MARFEMC, A MHOERLRETH A EMNFRSH
1o REEO HBY BAGEHTE Y, 488 o sk
B2 5 L BT 2 0OTHIE L MRRETO HBY FHAE
HFEEND. BFRENTSS B EOTWLHN, KEBERLS
B, chOERICHL TR0 2 F /M EHE#
5. ¥ 19 RTORLEDEIEL L1 genotype Ae bEEL,
M %@ CHB {2 BT genotype Ae ML TEY, o high
tisk group KR LCO 72 F 2 EORENLELERDRA.
(6] BTRAM L NRPAR B RELI CHB 0F (BT

el

JRC2010T-027

51% suppl (1) (2010)

WS4-6 B B RIS v ) 7187 WDEK&%@
& BED HBV By FHid e OMA L

EEey!, wEae, wHEF, =857

el 2, |R £

AEHLFRGR SRR & — b8 - ADUR, |
REAKFERERRFRAMAFEENERF, KRR -
.'\‘Lﬁttkﬁ - BAERE Yy —NERP :

(881 MEBEF RS 1 XA (BBV) %17 BEORKER g |

RERLBAL, REO HBY BATHAEOMEE Lo iTs,
(3] KRS BT RIEEAER LY 7 - HikE - WHEH (g
1), KEASESSBMES (2, BLUARHTALEY - #8 &
Bt >y —/NE# (K 3) CERENS S HBY 4 U 7ARK
DT HHERICRI L. _ >
(Bl 21 CHTA, ER2TRINA HRITERAOS |

AHISTADEBY £+ 7ASRESHTOL BRIOH, KB 3

HCBRIL LA | LBRHShok. BIRERLRRELR (0

 rA~158) Thot. ShEOENORRERIOWT, BHE

RTHRRAMTORA LI kol 1986 FHHOBERE, Mo -
MERIATTRALL. 19855 FETBEL TWAENITI2H
T, AME S0 M (578%) LFRS6 1 (59%) M5 A (49%) }

o REBRILA04%) TH L TR EREIBERLES T,

BROHBY REOHMAUGI L1 bOEBAZNIT, I H5 WA HBeAg
%, 3P BBeAD RIETH o 12 REIKOWTI I HOMRAS |
h, &9 HBeAg BHTH o2 —T7 1986 ELRMIME LS -
8 HC, BRMRSL (60%), XFERIIM (153%), WM -
H(24%), AT 19 B(24%) Cho 2o BEBROHENE 195
FEITRHELTORENEERR, XTFRRIHNL TV §
.0 HBV BRORBANALL 6 O 29 Fis 0, 2H HBeAg R
Thot RBUTOWTILIFAM HBeAg Rt | A HBeAb Mt
Thofs BRBKO ) LEARE 16 5, FHLEXENSD |
XIS HBY MRS I L 2o5eMbic 22 P10, BEOTFRRECIR |
BB CTENTE LA ERMEH BAAASE) Thotel,
FHREOTEE RO ERITIL S bONB PSTRIEELE,
RFRRCATRROEN T HB 727 Y ORGERI Tz 60

oot
(8] HBV BRBATFHAREARZ L ARO HBY £+ Y mﬁi :
LT3, BERED) b 15% LFHRROFEARTORET |

- YRETHY, BREOERETIL L LK, THRE O ba-w

BAFHEAAT, —MITBROBILLL genotypede F

ELi
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ENRLERART B LI Lo THREIBED L EbRB. £
1T - NilLE EDAKTRIEND 4 MEHOTH Y, SHE
DEIBRCHHEREMIZHB 2214 w97 F /3 HAER |
BIEFGEND. BRBERCOWTHE, BERoTHRlelly -
CIEHCET, HBY & v 1) THENG HBIG R% { VANKS
RERFFINED, SHRRHL T LEHH3.




BliRERE2~1

EEL UIREE REREGE

No, /

HBEHS -HEE HEHR E—HAFH |HEELEZORS |LERELER
54 . ' 2010. 6. 22 NS
— BB TR AET VT | AEE
RER =], ﬁﬂﬁ%ﬂﬁiﬁ@&, =
BT AT 20 (BB PR A kg | F T FO8E A A - HIka
MR (R aﬁ+§7»ﬁyzs(az:aﬁ+:-;§; " HABEDRRRR ﬁiﬁ%ﬁ% 2010 May 28-30; -
= R ET N T 20%HE4g/20mL (A AR FHF
TE ® 3ﬁ+;7;v73y20%7?§ttlogg/50TnL(El:i:ﬁ—l-ﬂi) .
PR F T T I 25% 50 1812,52/50mL ( A A 7R-+Fik)

O E R LB R S IO TR

ﬂﬁﬁsuﬁéﬁﬁﬁﬂ

JEU I 2009F IC 2 E 0 E AN OIS S B 0L B R ER (BB VMIZ&te) OMATR R ERMESIC T A kst
FIE BB BB RABET AR TAL | (BLFGLMZ ZES WS gt 0 BB REDRE RN EITOVTHRE TS,

SE LT 20004 I BRI VR ESINENERZREL ., BILERE (RILE OREREZEDEZINAT, HEEEA (£
B e\ ) S DEEEERE) LBEREBORTICEVEIM L R BEFREF ML, I, EREEICKITARE ORMETHE D
BRAEOERE B %42007, 20084ERL LLBILI,

R LR 10 5 SRBFEOME R824 (HBY 3741, HCV 2141, #E 204, »SARB19 24, HEV 145, CMV 1) T, 1
mEDO R RBEREWEEMALESIL, HBV 54, HEV 141, R UMHE 18 THode, EREE TOGLIZE-S<HMaTHE DA
EWREORAENES: (8 M A : HBsHUR/HBsHifE/HBcHUE, Bt : HBV-DNA) {ZHBVESIT2007££641 (8%) | 200842124
(209%) . 2009£E945 (24%) Tlh->7z, EIZHCVEERCR (JMAT: HCV-RNA or HCV7HUE/HCVHLE, Btk HCV-RNA
or HCVZPHUR) 20074£1241 (29%) | 200845541 (12%) . 200942541 (24%) Th-o7s, MBER COEREBICHITAEH R
BEDOEMET. 200745274 (90%) . 20084E43451(94%) . 20094E2041 (100%) Th-otr, T, BEFREENOOERE L v
DOFRHEA2007THE 174 (57%) . 20084E3545 (76%), 20094171 (85%) Th-olz, “NHD T L _J:V)Gm:@a%ﬁ&%quﬁvcw

fERA LD -
ZOMBSERIFH

IR FEFNTI20
TR-FFETFILTIL25
FRFFETFT AT 20%EE
4g/20mL
WETFT VT I 20%ETE
10g/50mL
FHEFNT I 25%HTE
12.5¢/50mL

DT LW ERE NI, Mgz R T DI EIThET

BETEDOER

SEOH

200942 2F O E FH B Ok & X - M BB Rk YL iE Fi (%
WEIES L) DREATE B BRI I B T R EAIE I8R5
MR HES AT ) (BLTFGL) i &SV v M gt D BE RS
DRBEZIRIDFIZOWVWTORE ThHD, 7233, 20004128 K
HREETOHENL84E (HBV 4561, HCV 2641, g 2341, /3
NBB19 247, HEV 14, CMV 1471}, $3%th, #in & o0 K R EEHR
PEWEFEMLZESIIHBY 74, HEV 14, #iE 2FLiz> T
%, B TOGLIZE-S<HIN 8714 D BE BB D2009E0HR
EEREEGT, HBVAER 941 (20%) . HCVIES 941 (35%) . fHE
TEF DM EEFE L2351 (100%) . Tl EFRERENLOHEREA
3 DIREELFX20451 (87%) &ip-TWA,

INETCARMEEZN L CIORE TR M BRBYIRRENFEREM
AEORRESTIN, BB TRRPEFATANRZ LA F —as
R E L, AR OEEMIIFERSNTRY, HFOEESLE
LUV, S E M EREE I B AET e R RSOV TS
HIERONEILEZDD, 28, BARFFE LD RS—
=7 EELTIVRRE O R M ERRLEESE S &R E i (CLEIA) 38
FUEINAT AT LEE AL,

HRGHER IS

G
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197

@

Cl A A g it Haek &2

WS-1-2 2009 FEIMNIHERLER EEFORT & A

A 4 S H L A . e
KEHE, T HE GEEL. AE 5 |

[1d Uibic] 2000 2 S EOEREM A S & S Wi pEBEr (BvFlz &) OfiTERs
PRI 35V 5 T AR BMEAMES 1 M54 > (T CL) T w7 i 5o B & i
RO B EMGIRRF IO TRET 5.
(5f & A7ik] 2009 FFCEMBEM L D SWER TR & L, BLH R (Kis o RS REED
B3-NAT. HHEA (EAHEH Sy ) SOMEARE) & BEHREONEC L Y iFi s OFEMEG
ZAFM L/ 7o EBRERIC BT B BEOBIMATZOWRAEOEM M E F% 2007, 2008 FHL gL
L #2910 ARBEOHEE 2 H (HBV37H. HCV 21 B, #0820 B, /24 B19 2 #.
HEV1H, CMV1B)Thbh, e OEREMFHEREY EFEML AL, HBVS §l, HEV L IR
HHDLBTH -7
EREEMN T GLAZED  fLs (o B E R Ao SR (8 m i - HBsAg/HBsAb/HBcAb, Eifi
#% : HBV-DNA) i HBV fEFIT 2007 4 6 ) (8%). 2008 4 12 il (20%). 2009 % 9 Bl (24%) TH-
72 /- HCVEM T (i : HCV-RNA or HCV 2 7 HE/HCV-Ab, #iiit #% : HCV-RNA or
HCV = 745 2007 45 12 4 (29%), 2008 €50 (12%). 2009 €5 M (24%) Thor:. AHAER
TIEMBMICST 2 BB OEMmEGE, 2007 4827 1 (90%). 2008 4£43 7 (94%). 2009 4E 20
M (100%) Thor. FEEMEMED S OAFAR Sy 7 O8IAT 2007 4 17 # (57%). 2008 4 35
@ (769%). 20004 17 6 (85%) Th-o7z. INHOT EIZE Y OL PEMEMICRSELTVWAZ E
AEE s 5% BEBREOHFEAOREREEZ I TRHEL, RETETETH L.

Ws-1-3 Bt AEOMFESERIFELEL —H— TER L 7~ HEV-NAT #&ZE &,
MR IEAEICKLVHEAL 8% E RS MIFAD 1 ER

RERUT AR+ il ¥, IR -PEh b v & -2 AT, e R FERT R IR R T
Bt TRKBERLY, tREERY A R, AmEERY, R R

(U oic] BAREWTHIIS £ 5 EBNFRD 4 VA (HEV) BIRA% 2002 Fioo TlE S, BT
T MO D S, S Lt NMdEO M FEMARE A —n — L, EEEO ST A
PERER L LT 9ERG L7 HEV #2EE BRI (NATIZ & o THEV-RNA AR S hi- L OWRENH b,
WMERILEA S NS X AR Ao M BRI X D i B BEPEITSeAT I U7 R e L
LOTHRET 5. _

EI] g 74 se k. 2008 4F 5 AIClliE, HHWEEYMERE. ARDS. 2MEFFAanEoRES
FEE L TR AHARICAK. 6 B~10 A ¥ CIZRCC-LREM 40 Biff o % B L L/ 8 ATFH
(o—dtE s AST/ALT O LA+ 20, EELBEIITH s OEAI/ S S TWw3 e
HY, FEOEEICES d oo TREEREM 11 ACiREEIL L, 2009 F | BiCBEEBROEBIZLY
BELA. 200045 H, RbtFlmtry s —lmEamuERRELA - XD, @ibbkomMiEs s
HEV-NAT (2T HEV-RNA Al SN L OofENH o /0. LT, HiEMiEm#Eed RCC-LR 474
EEyTIEEe S g R RO KIRASH D, 2008 £ 8 A 22 HICHIRBEEICHR I T/ S EAHEL
7o W EO BRSNS L 5 HEV Hifk, HEV-RNA Z0Mmai 2Bt Milfiaisit, = 5
MEBLFRED S 4V AEEENNLEEII—F L0, - & 5 HEV B ThHh A = L AEEH X
Wi~ LoT. BEEMMIZELS HEVEBEASEMIFREREL-LDEZEL LN

(5] AHEFITOESTEARNE A —H—(2L 5 HEV-NAT &, SaiHkn 28 c L hmeL s
WmEENEErETHD, MARTOEEETHER LA, T/, HmE AST/ALT m&u4a EA
FEL#, HBV, HCV OBLEFEDH LWy — AT, HEV BELERO - & LTES LEMN DD
EEhhi:.
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Bl#EAR SR 21

E¥X5 BRES HERSHE

No.

HAES-fRenO H|EH E—HAFEH |FEEGEORS |BLERE0EE
# ' 2010. 6. 22 kel
— 45 Z TR ANMET VT NEE
iﬁ&%ﬂﬁc%ﬁﬂ gﬁ%ﬂti‘% B
FEFNTI AR+t oo Em A .o (4, IR, BEFEE. 558/
R e o B e EX L T e N
EFNF I 20%R Z20m. x —2(}
nﬁ!ﬂ:% (Jh%@) §1;;17iyzo‘é:g§fog;/50mi(l?ﬂﬂiﬂﬁig:&) 2010 May 28-30; Z5 H
HRAFEFAT I 25% I HE12.5¢/50mL ( A A FR-+5E4k)

OAZY— =27 NATO T — VB DR N BN DT _ s iy

LI B ARSI MBS DHBY ., HCV, HIVADZE AR LU T19994E7 B 127 — Lk (5004) Iz k527 — ﬁﬁilﬁ@iﬁ RD BRI -

=1/'NAT (BA3E : AMPLINAT MPX (AMP-NAT) ) #[#4LT, 0%, 77— RIEEESOAR, 204 ~EH/A L, 200828 A 151 TOWMSEFTRE

HAREEE 1) % B BSIC EINATS AT A (B3 : TaqScreen MPX (’I‘aq--i\IA'l"))%’#:J\Lf?_D O — A E ORI R A B RS T =7 7220
Ef 733Bﬁﬁ"‘téﬂT_@%ﬁﬁﬁﬁbﬁﬁJ;D*ﬁ”ﬁbfuo 5%.[__:*%“-7}1/7‘_: :/25
oo |IEETTHR: 200041 A 52520094210 f ETICERMBLOME SN BIERSIEPION , BIILICIDREE FEGEI CEIC | 1 ) Sray ooy seas:
Fu EEGIIIHBY 914, HCV 34, HIV 1{&TéhoTr, Z0ER e B Mg O it i Mg 212 87k, 3k, 1%kl % 5t ;‘ /2-0% L = o
W BicL, YHBRMESDAIY—= ZNATE T —/iR (E8I - PATERI i S LT, g/20mL
% B8 Bl m RS EERIZHBY - HCV-HIVBIIC. 5047 —/L8i:8-0+0, 50457 —/L/AMP-NAT (2000422 f —20044E7 8 : | IR T F T VT I 20%ERE
)} 2047 — 1 /Tag-NAT (20088 A— |10g/50mL
i
=z

4.5%E) :46-2-1, 2047 — /A /AMP-NAT (20044E8 A —20084E7 B 1 44E[) :30-1-0,
200942104 :1.255ER9) :3:0-0 Thoir, :
E B A VAR AL — N OB HBVIZOW T, 7 — VR ER R/ REoBR B EE R o kh B REHBV OB AMER
MBEBD O, —F . TANAER AL — RO HCY, HIVIZAZY —=3 7 NATE ALK 10E 3 RE L5 T8 MR RHCV A
3, B AEIHIVA 1L NATOE A B BB R B D o7 T RIS, 2008428 A D OEAZINHNATI AT LTI,
B m LicBhTn5EZATHD,

BEERXDER SEORE

A AR FHTERLU, AZV—= I NATITIS T A BRI 72
T VAR EREOFE /AN 20084E8 B M BOREEDBHRRE R i
XA RORIETHB, AARTFHTIL, MFERRECD
%, HBV., HCV, HIVIZ DWW T 20—V CARZY—= 7 NATEAT
Uy, B MR AR L TVA, Eie, TSk
HARTA | (F204E 12 A 26 B A HEAREE12260115) 1L
3% BILRUSE DB EIT-TB,

HAFF24t T, R DEEEREL L _RTINREDE V., LR
VB EERITE S (CLEIA) R USE E% A ESETENATV AT b% -
BALTWD, ZNEOHEBIC > CES M ~DRREMEHO A
MRS L, FEAIOREMIZIVE E-TVD, S4B M BYLE

RO R AE 'GCEQ?‘%S%)?T:?E%HE%ECOV\T%T&%%#ﬁf’)mﬁﬂ%&béo

FRFEFET AT I265%FE
12.5¢/50mL

Mgz FEETAZEICH T
ARG E RS
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o — R . IERRNERCE 7752 T LU ¢4

~ JRC2010T-024
AAgmMmEREast Hs6% %25 199

Wws-1-6 A7 1)—=%NAT 0)7 —wﬁ@ﬁsfw%um v

B A A M A |
T oHk AEEF, HA b EEGh NO%E BF ¥

Lt Ll HARFR b ClE i A% o HRY, HCV, HIV ~OZREWNEY LT1999E 7 BlIc7—
VAR (500 4%) I2XBA 7Y —= 7 NAT (33 : AMPLINAT MPX (AMP-NAT)) £ Bss L /.
ok, T VEEEE S0R, 208 ~EFAL, 2008 £ 8 Ao G EER b+ BT E NAT ¥ A
F A (BRI : TagScreen MPX (Tag-NATH #EA LA IS0/ LEORASHRE EREBHED
LHMESNREERSENL WRIEL 4.

(35 & FEEI2000 421 BA 5 200048 10 B  CIcESRBRE L v itd shl BivESSEron, &
ok AR A WHESERAC & 75 A HBV (TT-HBV) 91 %, HCV (TT-HCV) 3 #, HIV (TT-HIV)
1 Thot. CORRE Lo 2BMUAMBEOMAUNTL 87 fRif, 38l 1 8l %% & L Ssmes
DRAZ Y —= 7 NAT % 7— LR - SREWICTE L.

[ R]B M A O A EH 212 HBV - HCV - HIV BIC. 50 K7 — VAT : 8- 0 - 050 &7 — V/AMP-NAT
(20004E 2 A —2004 47 B 1 454ER)) :46-2- 12067 — M/AMP-NAT (20044E 8 A —2008 4 7
B 44 130-1-0204% 7 — »/Taq-NAT (20084E8 A —20094E10 8 : 1.254E) :3-0-0
Thoi. ’

(8] 94 VAEHIA Y — FOEW HBV I22WwWT, 7—EFEROE, - REOBIREm LI X
Y TT-HBV ORBAEHRNED bt —F, A VAMBEAY— FOBRWHCY - HIVik, Az Y—
= NAT EAEY 10 FAEBLAPC TT-HCV #93 4, TT-HIV A1 & NAT O#EA BEICK)
BEhhol-l SR AN, 200848 ANOHASKIFHNAT VATAILLY, Bi2EetER
BB TWBELATHS, %Y, TEFEOBACELT, %@Ux&%ﬁ%mﬁL iy 101 [PE
ﬁwkéﬁﬁLL§¢6 Ll L,

ws-2-1  MERICH 3= H CnEmOBIAE MBS

EREEFIELBHLC Yy — ", REBERROLRE - EEAR
EBER, UAFZY, AT, fEt?

[ o] 5CmE i EEnmRORER2HE LB EehEmMEEL Sh, BF, REQN
IWEAShooR LY, EMEBOFL FI4 IR SN Tnwkvy, 220, §H, #ELK
Y THSECBTAFNRNEBECMORRENEL BT L O THET 3.
[ & H112003 48 1 A ~2008 £ 12 A ofF iR, B CiLi o#E% + 28 0Ichm, £k B
EnEEE BEEZOERRKBZOTCENEREN o7,
(436 EM OB E CMRmARR S 1204 FE6U, SRR, BARL, BRAS, WRBEHCBWT
FERGINPHEETH - 72, BECMEMBEIL 1104 FEFI THEMEEIZ 91.7% Th - -, Flm st AR
52 (5 b 30 i OB SLRL), FIFR G M m AL 95.3% CEMOERZD bhldh o7 B
WEFERIL 0~3B% A LT HRCEEIA DM HROBTY Hb @i 100g/dl (63
y&*&m&nﬁéotﬁ.¢KﬁHbﬁ%M%ﬁ%?.ﬁﬁ%ﬁ&ﬁﬂﬁﬁﬁ&ﬁﬂ%%infw
FRlcizmER 95¢/dl, BARE99g/dl, BERAE 99g/dl, SR 101g/d), MEEPR 104 g/dl, R
ﬁﬂuﬁyﬁ LREMESNR 113g/dl Th oA, EARMNERR T, AP UARE 745%. HHRED
TiE, HB%E, BOTRERZEDHFBERTEE THho. FRMEEmREE, ELSHAto
05%~BREAR D 755% D5 ERLE.
GElSkoFhR S ChEnRREE L MMEmMcSH 5. LI LS, FOEMBEREFRIETHK
—TCHD, BERRIZLIESOEIRKE N, HRPBEORRICL > ThXRELEGEh LN, L4
(Ed, BRTCII HbHEE EHEMCRLT—SOXEFENEING. BE, ACnEmnic X 2HE
HALEESRTED, VX7, RA74 v b2 L BEFCERLLECELR A CRSR OSSR
PEDLVEND S, .

42




Bl#EER FE2-1

EXS WEES RESSHE

No. 1

&S - HEE
#

FEERZEODR S
FZWL

#EB E—#HAFH

2010. 5. 11

3 0E ST

AMIET VT I

NEkE

BRFE4 (EFA)

REET LS I20 (B EF4FR)
FHFETAF 25 (B AR+
HRAFET N7 220% R Edg/20mL (B A H+F4E)
FRHET VT 20%53E10a/50mL ( A £ F+HFH)
RHFETNTL25%5HE12.58/50mL ( B A fR+EH)

47News. Available from:
http://www.47news.jp/CN/2010
04/CN2010042801000540.html

WRBEOARNRR
F A

LapEnEgm

Wel B © O 8 i

RAEPEITVDATEE

OABIFFZ BN, FETHY AMECK, EEFRUET
AFLRF S D BE A3 A ARSI, BEICFEE 1ER O BEREB AN, B RIEEREFTOEF TH Mol BIELLIE
T L= —2bdhot, ABIFR T AN ATIERENT KRB OFBRIC L - TR 5, BRSNS EEE TR A2 [
) MR H D, SRR INELAEBREER T, BHEFREELLSTWIELT, ANEO-572 08
R EBEERFUIT WS, RIFTERNICLAE, SEOBREOREEIISH LahbfE, 4848 ETOIEMTILI8AL,
00T CIRIIBRYS -0 0 AR L T, TOBRLEVIRESREVTWVWS, 4B 18B ETOAE GRBME) 11121 A CHED
#Em%z(usm%ﬁzto 411 BETOSEMDBES AELBE, EH1T20~885E. 2HMBBIELL, 9%1)\75%1':1,7‘_9 15
B, LRERRERE RELEEMIHEELERREMIIT A3 345% Kb EoTz,

EFRLEDOIEE
ZOMBEREE

SRR -

HEXRDOER

SEORI

AZIRF R O BEF NI B LIESEML, BECEEIEM O BE B
ZT=T b5, ENLERE BT OHE To b0tz DBETHA,
ZHET, AFRNCIBHAVER D 813/, SR H b T

ABA DL EMEIIFERENTHDELEEZEZDN, SHLIANAOBH
RPRETAFRICOWTIHFROWEIIED D, 2., B AR+
i, ﬁfﬁuf&Aﬁﬂﬂjﬁﬁhﬁﬂ’mmézbr RS CHT 4 DBEREA

REFET LTI
HRFFET LTI 25
RHFET T I 20%FRE
4g/20mL

wTETLT _\/20%%&
10g/50mL

HRFFETNT I 25%EE
12.5g/50mL

UIRT Zrall b o ey SN = E P

DREYIELREE

BT, EARLIES A0 BT ERREHI04THICIR oI AR [holciimh | ARIFRICOWTIIIAHE%6, A B, RIBICRELA
Ta AT = a3 ALL s TSN 2 DD BBV ANVARR | B D5 mffﬂ MR AEEL TV,
E ARBREIEBSEN TS, EBICEKELGLIC-DVTHAV-
NATIEMETHAT L ERERLTEY, Z2HIIREFEEINTWDEE
A5,
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ABIRF R AEM, FETHE ANEAPK, TEFEUHHT - 4INEWS (KALE=2—R)

1/3 R—%

JRC2010T-020

{2010 (B2 6 ABE M HIAR ' .

CRTHRA R

...... e e

WebREV—i
SEWS

AN
7oA

by BT a~R #fA—a—X FEWSR 3546 A=Y ILAA R~ BE U %

. ATNEWS > #F=a2~2R > EHEE

ARSI, B RAEOK. R

ARIBF RO BEHNSA LURBML, BRICHF1EROBBERETBA LA, BIBRRERR

. &I T29R S hvotz, BIFELEELI-r—A S H o7z,

C ARSI AN RSB RSHIOK O RH ORI TRRT 5. RBREIENEVERTH
| REGEAFENBETVSTREANSHD. SERKRBIXFLALHIRHERT. BHER
C EERLLTVIELT, RNEOHAGNAGE  EREPUBTTLS,

| AFEAICLAE. SEOBEOREHESA LAMSEN, 4A4BETOTAMIZTIBAL
| 2007 FLBETE1EB YRS T, TOREBVKELIEHC 4A18BETO SR (R
L) 3121 ATHEOREB (115N ERBR 1,

- 11AFTOSBEE D81 ANEHLHLE, BHEDFEHIT20~88K. 2HI A BIFEILL., 551 ANE
L Tliz, BER. REREGEN S BELEEMARELREARM LT AF 15545% LR S
: ﬁ\jf:o

000429 1726 [SEENEE]

P12 Pertcld

ds ooqle

v CRIFT REHY A b www kanenzero.jp
FEFENOERBEYRFERN S BEHDEBEET

¥ X QFPLRVHIRICAES www.shinagawa.com
TXHCEFEOENUATHHR TS SR ICRELHBNERINERART

# "SRRI IE F (FHH X kataduke.net
A RICREFET. FREBRED REOHFLROLCTHHR TS !

% ARSI HTTI7A 2 www tacmina.co.ip
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PURERRRECES 2-1

E I a1
ERMANE HRBE FEEEE
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Pigs are presumed reservoirs for hepatitis E virus
{(HEV) transmission to humans. To examine
infection kinetics, two litters of damestic pigs (A
and B, each containing 10 piglets} infected
naturally with HEY were studied until pigs were
6 months old. Maternal igG and IgA antibodies
were detected in litter A piglets, but notin litter B
ones. All pigs shed HEV in feces when they
were 30-110 days old, and 17 developed viremia
at 40100 days of age. Phylogenetic analysis
revealed a highly close sequence of HEV geno-
type 3 in all pigs. The serum levels of specific igG
and IgA were similar in all pigs, although [gA was
not detected in the feces. Interestingly, the onset
of both viremia and seroconversion was delayed
significantly in litter A pigs. The kinetics of
fecal virus shedding was similar in both litters;
shedding was not detected after the pigs were
120 days old. The differences in the infection
Kinetics between litters A and B suggested
that maternal antibodies delayed the onset of
viremia and seroconversion. Quantitative real-
time reverse transcriptase-polymerase chain
reaction revealed that HEV RNA in feces
peaked 10 days after initial shedding of approxi-
mately 10%°copies/g. The viral load was much
lower in the serum than in the feces. At 200 days
of age, HEV RNA was found in the internal
organs of 3 out of 13 pigs. These study findings
improve the understanding of the dynamics of
natural HEV transmission in pigs, which could
help in controlling virus transmission from pigs
1o humans. J. Med. Virol. 82:69-76, 2010.

©® 2009 Wiley-Liss, Inc.
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INTRODUCTION

Hepatitis E virus (HEV) is a causative agent of acute
hepatitis in humans, HEV is a small non-enveloped
single-stranded positive-sense RNA virus. Recently,
HEV was classified as the sole member of the genus
Hepevirus in the family Hepeviridee [Emerson and
Purecell, 2003). HEV isolates from mammals can be
divided into at least four genotypes on the basis of
complete sequence analysis [Lu et al., 2008]. Genotype
1 is distributed in Asia and Africa [Escriba et al,, 2008;
Sugitani et al., 2008], whereas genotype 2 is found in
Mexico and Africa [Lu et al., 2008). These two genotypes
are transmitted to the human population via the
fecal-oral voute, and large human ocutbreaks have
occurred in non-industrialized countries as a result of
drinking water contaminated with feces [Jameel, 1999].
Genotype 3 has been detected in humans, domestic pigs,
and several wild animals, and is distributed worldwide
[Lu et al., 2008; Lewis et al., 2008; Lam et al., 2009},
Genotype 4 has been detected in humans and demestic
pigs in Asian countries and Germany [Lu et al., 2008;
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Wichmann et al., 2008]. The genctypes 3 and 4 strains
are considered to be zoonoses [Meng, 2005]. An HEV-
related agent, the so-called avian HEV, has heen
detected in poultry but it does not seem to cause human
infection [Huang et al., 20041,

Since the initial discovery of swine HEV in the USA
iMeng et al., 1997], cases of HEV infection in pigs have
been documented worldwide [Meng, 2005; Dalton
et al., 2008]. Previous studies have shown the genetic
similarity of swine and human HEV {Wang et al., 2000;
Kabrane-Lazizi et al., 2001; Huang et al., 2002
Nishizawa et al., 2003; Takahashi et al., 2003; Yazaki
et al., 2003; Ijaz et al.,, 2005], and have reported
experimental cross-species infections from humans to
pigs or from pigs to non-human primates [Meng et al.,
1998; Halbur et al., 2001; Feagins et al., 2008; Ji et al.,
2008]. All of these findings suggest that pigs are
reservoirs of human HEV.

Epidemiological studies have revealed that HEV
infections in pigs are ubiquitous, and that pigs over
the age of 3 months have a high seroprevalence [Meng
et al., 1999; Huang et al., 2002; Banks et al., 2004]. HEV
shedding in feces has been chserved in pigs of all ages,
but is more frequently observed in 2—4 months old pigs
as compared to slaughter-age (6-month old) or adult pigs
[Meng et al., 1997; Yazaki et al., 2003; Cooper et al,,
2005; Fernandez-Barredo et al., 2006; Seminati et al.,
2008]. These results indicate that domestic pigs are
infected easily with HEV at an early age, but that the
majority of pigs stop shedding HEV RNA before they
are 6 months old, Although many epidemiological
studies have been conducted on this subject, longitudi-
nal studies following individual pigs are limited [Meng
et al.,, 1997; de Deus et al, 2008]. Of particular
importance is the fact there have been no long-term
quantitative analyses of virus shedding and serum.
antibody levels in individual piglets infected naturally
with HEV.

In the present study, long-term follow-up character-
ization was performed until slaughter age of two litters
of pigs infected naturally with HEV—one with HEV-
specific maternal antibodies and the other without these
antibodies—to investigate the dynamics of HEV RNA
shedding in feces, as well as assess viremia, antibody
levels, and the effect of maternal antibodies on HEV
infection.

MATERIALS AND METHODS
Animals and Sample Collection

Twenty mixed-breed pigs, 10 born fo sow A (litter A)
and 10 to sow B (litter B), from a swine herd in Japan
were followed up until they were 200 days old (day 200).
The two litters were born on the same day in separate
pens and raised together after day 30. They were
separated again from day &3 till the end of the study.

The sera of sows A and B were collected before delivery
and examined for HEV-specific 1gG antibodies. During
the study period, fecal and serum samples were collected
every 10 days from each pig, and stored at —80°C until

. Med, Virol. DOI 10.1002/imv
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use. Thirteen pigs (five from litter A and eight from
litter B) were euthanized on day 200, and tissue samples
(liver, ileum, and colon), serum, hile, and intestinal
contents {ileum, colon, and recturn) were collected and
stored at —80°C before testing. The tissues were treated
with RNAlater (Qiagen, Hilden, Germany) according to
the manufacturer’s instructions. Euthanasia and
tissue sampling were performed according to the
Laboratory Animal Control Guidelines of Rakuno
Gakuen University. ’

Enzyme-Linked Immunosorbent Assay for
Detecting Anti-HEV Antibodies

The anti-HEV IgG antibodies in the sera collected
before the delivery of the sows, the anti-HEV IgG and
IgA antibodies in the serum samples, and the anti-HEV
IgA antibodies in individual feces samples were detected
using a commercial ELISA kit for the detection of
hepatitis E antibedies (Viragent HEV-Ab kit; Cosmic
Corporation, Tokyo, Japan) according to the manufac-
turer’s instructions. Serum samples from five pigs in
litter A and eight in litter B were used for detecting
HEV-specific serum IgA. For detection of antibodies in
feces, suspensions of 10% fecal matter in phosphate-
buffered saline were prepared. The kit used a truncated
recombinant HEV ORF2 protein expressed in silkworm
pupae [Mizuo et al., 2002]. Rabbit anti-pig IgG or IgA
antibodies coupled with horseradish peroxidase (Kirke-
gaard and Perry Laboratories, Gaithersburg, MD) were
used as secondary antibodies. Antibody titres were
recorded as index values and calculated according to
the following formula:

Optical density of sample % 100
Optical density of positive control ’

Index value =

RNA Extraction

Viral RNA was extracted from 140 wd of serum, bile,
10% fecal suspension, and a 10% suspension of the
intestinal contents by using a QIAamp Viral RNA Mini
Kit (Qiagen). The final elution was carried out using
50pl of elution buffer. Viral RNA was extracted
from the tissue samples with TRIzol reagent (Invitro-
gen, Carlsbad, CA) according to the manufacturer’s
instructions.

Semi-Nested Reverse Transcriptase-ljolymerase

Chain Reaction (RT-PCR)

To detect HEV RNA, semi-nested RT-PCR was
performed. The 5'-terminal region of ORF1 was ampli-
fied using broadly reactive primers [Hagiwara et al,,
2007]. For the first round of PCR, the sense primer HEG1
(5"-CACRTATGTGGTCGAYGCCATGGAG-3; R=A or
G, Y=C or T) and the anti-sense primer HE51 (5'-
GCCEKRACYACCACAGCATTCG-3"; K=G or T) were
used. This produced an expected fragment of 125 base
pairs (bp). For the second round of PCR, the internal
gsense primer HES0 (5-AAGGCTCCTGGCRTYAC-
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WAC-%; W=A or T) and the anti-sense primer HE51
were used, producing an expected fragment of §5bp.
Reverse transcription and first-round amplification
were carried out using the OneStep RT-PCR Kit
(Qiagen). In each reaction, 5-pl aliquots of viral RNA
solution were used. The reactions were performed in
an Eppendorf Mastercycler (Eppendorf, Hamburg,
Germany) under the following conditions: reverse tran-
seription at 50°C for 30 min, denaturation at 95°C for
15 min, 45 cycles of denaturation at 95°C for 15 sec each,
annealing at 55°C for 30sec, elongation at 72°C for
30 sec, and final elongation at 72°C for 7 min. After first-
round PCR, 1l of the PCR product was amplified under
the following conditions: 20 cycles of denaturation at
95°C for 15sec each, annealing at 60°C for 30sec, and
elongation at 72°C for 15 sec, followed by final incuba-
tion at 72°C for 7 min. The amplified second-round PCR
products were characterized using 2% gel electropho-
resis, A PCR amplicen of 85bhp was determined to be
HEV-specific.

Quani.:itative Real-Time RT-PCR

The copy number of HEV RNA was measured
by quantitative real-time RT-PCR according to the
technique developed by Jothikumar et al. [2008] with
a slight modification. TagMan® probe (5'-FAM-
TGATTCCCAGCCCTTCGC-TAMRA-3) was designed
based on the sequence of the HEV ORF3 region
{accession number AB481228) from litter A pig. Five
microliters of extracted RNA (equivalent to 1.4mg of
feces or 14 plof sera) wasused per reaction. A 5 pl aliquot
of RNA was amplified using the forward primer 5'-
GGTGGETTTCTGGGGTGAC-3 and the reverse primer
5-AGGGGTTGGTTGGATGAA-3 in a LightCycler
(Roche, Basel, Switzerland) under the following con-
ditions: reverse transcription at 50°C for 30min,
denaturation at 95°C for 15min, and 45 cycles of
amplification, each consisting of 1sec at 95°C followed
by 1min at 60°C. Viral RNA copy numbers were
calculated on the basis of the calibration curve con-
structed using standard RINA as described below, using
LightCycler Software 4.0.

To construct a calibration curve for quantification,
in vitro transcribed RNA from the HEV ORF3 region was
collected from a cloned plasmid. The copy number of
standard ENA was caleulated using a spectrophotom-
eter. Preliminary examination using in vitro transcribed
RNA showed that the detection limit of quantitative real-
time RT-PCR was 10°® copies/g of feces, 10> copies/ml
of serum, and 10> copies/ml of tissue.

Sequence and Phylogenetic Analysis

Four fecal samples from four pigs in litter A and one
fecal sampie from sow A, all of which were found to be
positive for HEV by nested RT-PCR, were subjected to
sequence analysis. The ORF2 region of the viral RNA
was amplified using the primers HE044 (5'-CAAGG-
HTGGCGYTCKGTTGAGAC-3;, H=A, C, or T) and
HE041 (5" TITMACWGTCRGCTCGCCATTGGC-3;
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M=A or C), as described previously [Mizuo et al.,

2002]. The PCR products were sequenced directly using

the BigDye Terminator Cycle Sequencing Ready Reac-

tion Kit (Applied Biosystems, Foster City, CA).

Sequence analysis was performed using Genetyx-Win-

dows version 7 {Genetyx Corp., Tokyo, Japan). The

sequence alignment was generated by CLUSTAL W

[Thompson et al., 1994]. The four nucleotide sequences:
of swine HEV isolates, named swJB-M3, -M5, -M8, and -
M10, have been deposited in the GenBank sequence

database under the accession numbers AB471965-

AB471368. A phylogenetic tree was constructed using

prototype sequences of genotype 1, 2, 3, and 4 obtained

from GenBank and the neighbor-joining method [Saitou

and Nei, 1987), on the basis of a 412-nucleotide partial

sequence of the ORF2 region; the tree was drawn nsing
the TreeView program [Page, 1996].

Statistical Analysis

The number of pigs shedding virus in feces, the number
with viremia, and the time to seroconversion were
compared between litters A and B by using the Wilcoxon
rank-sum test. Statistical analysis was performed using
the JMP 5.1.2 software (SAS Institute, Inc,, Cary, NC}.
P < 0.06 was considered statistically significant.

RESULTS

Detection of Anti-HEV IgG and IgA
in Serum and Feces

A total of 20 piglets were studied, 10 from litter A and
10 from litter B. Before delivery, sow A tested positive for
IgG antibodies specific to the HEV ORFZ protein, but
sow B did not. Figure 1 shows the levels of HEV-specific
IgG and IgA in the sera of the piglets when they were
1-180 days old. The serum samples from litter A pigs
tested positive for both IgA and IgG antibodies onday 1,
with FLISA index values of 122.6 and 144.5, respec-
tively; the levels of these antibodies in their sera
decreased rapidly until day 50. In contrast, the serum
levels of IgG and IgA in litter B pigs were significantly
low on ddy 1, with ELISA index values of 17.4 and 27.5,
respectively. The serum IgG levels in the litter B pigs
remained low during days 1-50. Seroconversion began
on day 60 in litter A pigs and on day 50 in litter B pigs,
after the onset of viremia (Fig. 1). The Wilcoxon rank-
sum test revealed that there was a significant difference
between litters A and B pigs with respect to the time of
IgG seroconversion (P < 0.001) (data not shown}, that is,
sereconversion occurred significantly earlier in litter B
pigs. The antibody titres peaked on days 90 and 70 in
litters A and B, respectively, and then decreased
gradually till the end of the study.

HEV-gpecific fecal IgA to HEV were not detected
during the study period (data not shown}.

Detection of HEV RNA in Feces and Serum

Pig feces were examined for HEV RNA during days
30-110 by using semi-nested RI-PCR (Fig. 1). On day

. Med. Virol. DOI 10.1002fmv
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Fig. 1. Hepatitis E virus (HEV) shedding and seroconversion in two
litters of pigs. The copy numbers of HEV ENA in feces and serum are
shown, along with the enzyme-linked immunesorbent assay (ELISA)
index values of anti-HEV IgG and [gA in the serum samples. HEVRNA
copy numbers in feces and serum represent the average values among
positive animals. The numbers of animals positive for fecal RNA and

30, HEV RNA was detected in the feces of five pigs from
each litter. During days 40-90, HEV RNA was detected
in the feces of all 20 pigs. On day 100, all 10 of the pigsin
litter A shed HEV RNA in their feces, but only 5 pigs
from litter B did. On day 110, only one pig from each
litter was found to be shedding HEV RNA in the feces.
No HEV RNA was detected in feces after day 120.
The modified TagMan™ probe, designed to be specific
to the present HEV strain, reacted strongly to every
sample tested, indicating that the HEV detected in all of
the litter A and B pigs belongs to the same strain. The
dynamics of fecal shedding of HEV were quantitatively
characterized by real-time PCR.(Fig. 1). Onday 30, HEV
RNA could be detected in feces by semi-nested RT-PCR
but not by real-time RT-PCR, indicating that the RNA
copy number was below the detection limit of quantita-
tive real-time RT-PCR (10°®copies/g). On day 40,
however, HEV RNA increased suddenly to 10%° copies/
g in the feces from both litters. The pigs in litter A
continued to shed large amounts of HEV RNA (approx-
imately 10%Ccopies/g) until day 100, whereas the
amounts of HEV RNA in the feces of litter B pigs
decreased gradually. On day 110, the HEV RNA in the

J. Med. Virol. DOI 10.1602fjmv

50

serum RNA are indicated in parentheses. The levels that were
undetectable by quantitative real-time RT-PCR were approximated
using the estimated detection limit (10*® copies/g for fecal RNA,
10%¥ copies/ml for serum RNA), ELISA index value= (0D of sample/
0D of positive control) x 100. Exror bars represent standard error.

feces from both litters decreased to amounts below the
detection limit of real-time RT-RCR.

During the study period, viremia was detected in
7 pigs in litter A and 10 in litter B. The onset of viremia
occurred on day 60 in litter A pigs and on day 40 in litter
B pigs (Fig. 1). The Wilcoxon rank-sum test showed that
this difference between the time of onset of viremia
in litter A and B pigs was statistically significant
(P =0.024; Fig. 1). Throughout the study, the amounts
of HEV RNA in the serum were lower than those in the
feces (Fig. 1). The highest serum HEV RENA titre was
found on day 90 in a pig from litter A (10*% copies/ml)
and on day 60 in a pig from litter B (10%° copies/ml).

Time Courses of Changes in Virus Shedding,
Viremia, and Serum Antibody Titres

Based on the data obtained on virus shedding and
antibody reaction in individual pigs (data of individual
pigs not shown), the general time course of HEV
infection in domestic pigs can be described as follows
(data are expressed as mean (8D; range)): pigs begin to
shed HEV in feces on day 30 (27.4; 0—70) after birth and
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viremia and seroconversion of serum IgG and IgA occur
33.5 (7.0; 10--60) and 32.3 (7.4; 20--50) days, respec-
tively, after the onset of HEV shedding in feces. HEV
shedding in feces continues for 63.5 (7.4; 50—-80) days,
whereas viremia can appear transiently for 11.8 (12.9;
10-40) days. In this study, virus shedding in feces was
observed in all pigs with high antibody titres, whereas
viremia was observed in a total of 17 pigs, all of which
had relatively low antibody titres. Serum IgG and IgA
antibody levels peaked 8.5 (12.0; 0—30} and 6.2 (7.1; 0—
20) days, respectively, after seroconiversion. After peak-
ing, they decreased gradually but remained detectable
during the entire study period, even after the end of
viremia and after the pigs stopped shedding virus in
feces.

Sequence Analysis

Genomic sequencing of the ORF2 region of virus
isolates from four piglets in litter A and from sow A
revealed that the virus strains were identical. Phyloge-
netic analysis of the HEV isolates indicated that they
belonged to HEV genotype 3 and that they were
clustered with genotype 3¢, both of which are related
_ to the strains of swine and human HEV found in the
USA (Fig. 2) [Takahashi et al., 20031

HEV RNA Detection in Tissue Samples From
200 Days Old Pigs

Of the 13 pigs (5 from litter A, 8 from litter B)
euthanized on day 200, HEV RNA was detected in the

——
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internal organs of 3 pigs by semi-nested RT-PCR: in the
gall bladder of one litter A pig, in the mesenteric lymph
nodes and liver of one litter B pig, and in the hepatic
and mesenteric lymph nodes of another litter B pig.
According to real-time RT-PCR, in contrast, none of
these samples tested positive for HEV RNA, indicating
that the amounts of HEV RNA present in these samples
were below the detection limit of real-time RT-PCR, that
is, 10%5 copies/g.

DISCUSSION

Although there a number of epidemiological surveys
of HEV in pigs have been conducted, longitudinal
studies of the time course of HEV infection in pigs
infected naturally have been quite limited [Meng et al.,
1997; de Deus et al., 2008]. The dynamic HEV life cycle
in piglets infected naturally can only be evaluated
through long-term follow-up studies with quantitative
measurements of both HEV RNA and viral-specific
antibodieg in individual pigs from birth to slaughier.
This is the first report on the quantitative dynamics of
virus shedding in feces, viremia, and specific serum
antibodies that were evaluated in a long-term follow-up
study of pigs infected naturally with HEV,

Maternal antibodies, including IgG, IgA, and IgM,
that are transmitted via the colostrum have heen
reported to protect piglets from infection by various
pathogens {Andries et al,, 1978]. Although maternal
antihodies against HEV have been found in piglets
horn to HEV-positive sows, the protective role of these

swJB-M8 {AB4T 1867}
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wJBM3 [AB4T {965}
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sawi26-1(ARADIIT}
SendE{AB0E35IS)
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TWZASW (AF117287)
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Fig. 2. Phylogenetic analysis of the nucleotide sequence of the ORF2 region of HEV (412bp). Intra-

genotypic classification of genotype 3 (3,5, 3:p, 2nd 3}

was done according to a previeus report [Takahashi

et al., 2003]. HEV isolates obiained in this study {stB -M3, -M5, -M8, and -M10) are indicated in bold
letters Prototype sequences of genotype 1, 2, 3, and 4 from GenBank are given with their accession

numbers. Phylogenetic tree was constructed using
(n =1,000) are given for the major nodes.,
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the nelghbor -joining method. The bootstrap vahies

J. Med. Virol. DOI 10.1002fjmv



74

maternal antibodies has not yet been determined [Meng
et al., 1997; Kasorndorkhua et al., 2003]. In the present
study, two litters of piglets—one with maternal anti-
bodies and the other without—were studied to deter-
mine whether the presence of maternal antibodies
affected HEV shedding. The results showed that virus
shedding in feces occurred from days 30 to 110 in both
litters, though a sigmificant delay in the onset of both
seroconversion and viremia was observed in the litter A
piglets, which had maternal antibodies. Although serum
IgG and IgA of litter B pigs were slightly reactive to the
HEV antigen on day 1, as determined using ELISA, this
reactivity was considered to be non-specific because of
the presence of large quantities of maternal antibodies
to various pathogens. ‘

The similarity between the litters in terms of the
kinetics of fecal virus shedding indicates that maternal
antibodies do not protect piglets from primary HEV
infections in the early days of their lives. Interestingly,
another study has reported that maternal antibodies
can have an immunosuppressive effect [Siegrist, 2003].
Although the immunological mechanisms responsible
for such an adverse affect remain unclear, it is
possible that in this study, maternal antibodies delayed
the piglets’ immune responses against HEV infection,
eausing the delay in seroconversion that was seen in the.
litter A piglets.

Since this study followed up domestic pigs raised
under. normal conditions, it was not cbvious whether
HEYV infection in the two litters occurred under similar
conditions. Therefore, it was difficult to determine the
exact effect of maternal antibodies on the kinetics of
HEV infection. Further studies are required to clarify
the role of maternal antibodies. ’

In previous epidemiological studies, fecal and serum
HEV RNA and serum antibodies have been used as
markers of HEV infection [Meng et al., 1998; Cooper
et al., 2005]. In the present study, fecal RT-PCR was far
more sensitive than serum RNA testing in detecting
HEV RNA. Indeed, all of the pigs shed high copy
numbers of HEV ENA in feces for 70-80 days, whereas
viremia appeared transiently the copy number of the
RNA shed was low. In addition, viremia remained
undetectable in three pigs. It is possible that the
sampling schedule, particularly the 10-day intervals
between sampling days, may have led to the low rate of
serum RNA detection. Fecal RT-PCR, in contrast, does
not appear to have the same limitations, and can be
recommended as an indicator of current HEV infection
based on early occurrence, high viral load, and long
duration of HEV RNA in feces. It may prove especially
useful in quarantine situations when pigs are intro-
duced to another herd.

The reactivity of the modified TagMan™ probe used in
this study, which was designed according to the
sequence of HEV obtained from litter A pigs, to the
present HEV suggested that all the pigs were infected
with the same viral strain. The strain in question was
found to belong to genotype 3y, which is related to the
HEV strains found in humans and pigs in the USA. It is
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" one of the three clusters into which genotype 3 has been

divided: the other two are 3, and 3;; {Takahashi et al.,
2003]. HEV genotypes 3 and 4, both of which have
been reported in Japan [Takahashi et al., 2003], are
considered to be zoonoses, causing hepatitis in humans;
genotype 4 has been reported to cause a particularly
severe form of hepatitis [Ohnishi et al., 2006]. Some
phenotypie variations between genotypes 3 and 4 have
been reported. Though the resulis of the present study
contribute significantly to the understanding of the
infection of HEV genotype 3 in pigs, further studies on
genotype 4 and the other two sub-clusters of genotype 3
will be required to develop a conclusive strategy to
control HEV infection in domestic pigs.

In this study, HEV RNA was detected in the liver, gall
bladder, or lymph nodes of 3 of 13 pigs examined
on day 200, that is, 3 months after the pigs had stopped
shedding the virus. The prevalence of HEV RNA in pig
livers at grocery stores in Japan and the USA has been
reported as 2% and 11%, respectively [Yazaki et al.,,
2003; Feagins et al., 2007). Furthermore, HEV isolated
from pig livers at grocery stores in the USA was found
tobeinfectious. This could create public health problems
stemming from HEV contamination in slaughtered
pigs, even if no HEV shedding is observed before
slaughter. In addition, the long-term shedding of large
amounts of virus, which was observed in this study,
supports the idea that farm workers exposed to infected
pigs could be infected directly because of a contaminated
working environment {Zheng et al., 2006]. Controlling
HEV infection on pig farms would therefore help
decrease the likelihood of the disease being transmitted
to people.

CONCLUSIONS

To understand the time course of HEV infection in
domestic pigs, pigs infected naturally with HEV geno-
type 3 were followed up from birth to slaughter age.
These pigs shed HEV in feces when they were
30—110 days old, and developed viremia when they
were 40—100 days old. Seroconversion of anti-HEV IgG
and IgA antibodies occurred 20 days after the onset of
viremia. HEV RNA in feces peaked at approximately
10%% copies/g 10 days after the onset of fecal shedding.
The kinetics of HEV infection seemed to be influenced by
the presence of maternal antibodies. At day 200, 3 of 13
pigs (23%) still had detectable levels of HEV RNA in
their livers, gall bladders, and/or lymph nodes, though
they had stopped shedding the virus in feces. Although
the amounts of HEV RNA in these tissues were low, the
presence of HEV in the internal organs after the virus
shedding has stopped could haveimportant implications
for the prevention of virus transmission to people
through food. The time course of HEV infection reveal-
ed in this study will be very helpful in understanding
the kinetics of HEV transmission from pigs to humans,
and in developing a control strategy to prevent zoonotic
HEYV infection from pigs,
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The parvovirus PARV4 is the most recenily described member of the family Parvoviridae that has a
human host. To investigate the prevalence of PARV4 in blood, a quantitative TagMan PCR was
developed and plasma, sera or whole blood from a variety of population groups were examined.
Eight samples were positive for PARV4, one at high copy number. The high-titre-positive plasma
had an approximate viral load of 5x10% geaome équivalents mi~?. Twa human sera, identified as
PARV4 antibody-positive by indirect immunofluorescence, were used in immune electron

microscopy to try to visualize native PARV4 within the high-titre human plasma. PARV4 particles
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were observed using one of these two sera. Ta our knowledge, this is the first time that native
PARV4 has been visualized.

PARV4 is the most recently described member of the
family Parvoviridae that has a human host (Jones et al,
2005). It is currently a virus without any apparent disease
association (Fryer et al, 2007a). It was identified by a
random amplification of nucleic acids extracted fram a
patient with acute virus infection who was co-infected with
hepatitis B virus (HBV) (Jones et al, 2005). Two further
genotypes of PARV4 have now been described (Fryer et al,,
2006; Simmonds et al, 2008). Very little is known about
PARV4 and its bioclogy. It was initially described as ‘not
closely related to any known parvoviruses’ {Jones et al,
2005). However, further work has shown that PARV4 is
most similar to the recently discovered bovine and porcine
HoKo viruses (Lau ef gl,, 2008} and that it groups together
with these and also the more distantly related Myanmar
erythrovirus (Hijikata et al, 2001), another porcine virus.

The human parvovirus B19 can be present at very high
titres in the blood of infected individuals. Plasma and
whole-blood samples thought likely to harbour PARV4,
namely samples being tested for hepatitis B or C or from
human immunodeficiency virus (HIV)-positive patients,
were therefore examined. For comparison, samples from
UK blood donors were also tested, All samples analysed
were anonymized. The frequency of detection of PARV4 in
the UK blood-donor population is expected to be low,
based on limited data from previously reported surveys
(Fryer et al, 2007b; Simmonds ez al., 2007; Schneider et al,
2008), although large, formal studies have yet to be
performed.

Nucleic acid was extracted from plasma, serum or whole
blood, either manually using Qiagen blood kit spin
columns or on a Qiagen BioRobot. A guantitative
TagMan PCR {Q-PCR} was designed with the aid of

- Beacon Designer 3 software {Premier Biosoft International)

and optimized for open reading frame (ORF) 2 of PARV4.
The Q-PCR was performed on an ABI 7500 platform
{Applied Biosystems), using ABgene reagents, and was
shawn to have linearity of detection over the range 10'-10°
copies ml ™", with a limit of sensitivity of 50 copies ml™'.
An oligonucleotide positive control of the target sequence
was synthesized (Eurofins MWG Operon), but was
subsequently replaced by a biological standard: a high-
titre-positive plasma, once one had been identified. Murine
cytomegalovirus was used as an internal extraction and
amplification control. Samples tested and results aré shown
in Table 1. Q-PCR conditions were 95 °C for 15 min
followed by 45 cycles of 95 °C for 15 s, 60 °C for 60 s. The
TagMan primers used were PWTPARV4LIF (5'-
CCTCTCCGAGTCCATTAGCAGA-3'; 1937-1958) and
PWTPARV4.1R (53'-GCTCCATACCTTTCAGCAGTTTIC-
3'; 2069-2047). The TagMan probe was PWTPARV4-
probe (5'-FAM-CGCCGCCGAGGACACCAGACAGT-TAM-
3'; 1961-1983). Sequences are numbered according to
GenBank accession no. AY622943.

In total, PARV4 DNA was detected in eight samples.

Quantification of PARV4 in samples was initially carried
out against a logq dilution series of the oligonucleotide
pasitive contral and subsequently against a high-titre-
positive control PARV4 plasma (designated plasma 129).
This plasma had a viral load of 5 x 10° DNA copies ml™*
and was from a hepatitis C virus (HCV) RNA-positive,
HCV antibody-negative patient. Viral loads of all eight
positive samples are shown in Table 2. The four samples
that had a viral load =760 copies ml™' were amplified
successfully for sequencing, but those with viral loads of
£ 285 failed to amplify. Three samples (129, 135 and 342)
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Tabte 1. Samples tested for PARV4 by O-PCR

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; HIV-1, human immunecdeficiency virus type 1; [IVDU, intravenous drug user.

Population group tested n No. (%) PARV4-positive by Q-PCR
HCYV antibody-negative, RNA-positive blood donors (HCV window phase) 94 3(32)

Samples for routine HCV RNA testing 38 ‘ 2{2.3)

Samples for routine HBV DNA testing 140 2 {1.4)

HIV-1 proviral DNA-positive IVDUs i 50 o*

Samples for routine HIV-1 RNA viral load testing 88. 1 (Lnr

UK blood donors - 20 pooled DNA extracts from 96 donors - 0

*Qverall detection frequency of 1 in 138 (0.7 %) in HIV-1-paositive samples tested.

were amplified by using a semi-nested PCR to ORFZ,
initially with primers PARV4Seql {5'-CCGGAACC-
TTCAAGTCAAGCCA-3'; 2465-2486) and PARV4Seq2
(5'-CCGCTCAAGGTCTGGTTCAACAA-3"; 3010-2938),
followed by PARV4Seql and PARV4Seq3 (5'-CAAGG-
TGGACTCCGACATCTGG-3"; 2954-2933). The resulting
490 bp fragments from these three samples were then
sequenced with PARV4Seql and PARV4Seq3. All three
were typed as PARV4 genotype 1. Sample 168 was also
confirmed as PARV4 genotype 1 by sequencing with
primers PVORFIF and PVORFIR (Fryer et al, 2006).
Sequence similarity was determined by using the FasTA
program at http://www.ebi.ac.uk and searching the Viral
Database.

For electron microscopy, 300 ul high-titre plasma 129 was
centrifuged-at 48 000 g for 45 min. The resultant pellet was
resuspended in distilled water and stained with 1.5%
phosphotungstic acid (PTA), pH 6.6. Grids were examined
in a Philips 420 transmission electron microscope fitted
with an AMT XR60 digital imaging system. Parvovirus
particles were not seen. Small, round, featureless virus
particles, such as parvoviruses, however, can be extremely
difficult to detect, particularly amongst the background
debris of plasma or serumn. Immune electron microscopy
(IEM), a technique that has been employed successfully to
detect other small viruses, including parvovirus B19
{Cossart et al, 1975; Curry et al, 2006}, was used in a

Table 2. Viral loads of PARV4-positive samples

further attempt to visualize the native PARV4 particles.
Two serum samples containing antibody to PARV4 had
been identified in our laboratory on the basis of their

reactivity in an indirect immunofluarescence test (R. P. .
Parry, unpublished data). These two antibody-positive sera

were each mixed with an aliquot of high-titre plasma 129,
incubated at room temperature for 1 h and centrifuged at
48000 g for 45 min. Pellets were resuspended in distilled
water and stained with 1.5% PTA or 2% methylamine
tungstate, pH 6.6, and examined as described above.
Parvovirus-like particles that had been aggregated into
clumps by one of the sera were seen (Fig. 1a). The particles
measured around 20-22 nm in diameter and were
morphelogically typical of parvoviruses. For comparison,
recombinant PARV4 capsids expressed in 59 cells by
baculovirus (PARV4 capsids provided by Dr Kevin E.
Brown, Health Protection Agency) can be seen in Fig. 1(b).
The recombinant capsids and the particles found in plasma
129 are similar in size and have the characteristic hexagonal
appearance of parvoviruses. Stain has penetrated into
several of the recombinant particles, as would be expected,
whereas the particles from plasma 129 appear complete.

Fig. 1. Electron micrographs of parvovirus particles. (a) IEM of
particles seen in plasma 129; antibody can be seen coating the
particles. Stained with methylamine tungstate. (b) Recombinant
viral capsids of PARV4, stained with PTA. Bars, 100 nm.

Sample Viral load (DNA copies mi™)
PARV4 HCV  HCV genotype HBV HIV

129 5x10° 2.70x10° 2b

135 760 122 x 10° 3a

168 4.6x10°  1.05x10° 3a

A5 1 5.04 x 106

Cl10 5 + +

342 3.4 % 10° + o+

490 170 +
| H10 285 +
5492

57
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The antibody-aggregated clumps of particles observed in
plasma 129 resembled the appearance of B19 virus when
visualized by IEM. Plasma 129 and the two serum samples
containing antibody to PARV4, however, were negative by
PCR for B19 and human bocavirus, and it was conciuded
that the particles seen were PARVA.

Failure to detect virus particles with the second serum may
have been related 1o the titre of the reagents. The sera were
ooly tested at one dilution by immunofluorescence, but
results from a prototype ELISA suggested that this second
serum had a lower antibody titre to PARV4. For IEM
purposes, the titre of PARV4 in plasma 129 was also low
and probably near the limits of sensitivity for IEM
detection. This may account for the fact that virus particles
from this sample were not seen with PTA staining, rather
than any difference between the stains.

PARV4 was detected at low frequency in samples from the
blood of patients infected with HIV-1, HCV and HBV. In a
study of the three human parvoviruses, B19, bocavirus and
PARV4, in HIV-l-infected and non-infected individuals,
Manning et al. (2007) established that a high proportion
{70.8 %) of HIV-1-infected individuals harbour PARV4 in
lymphoid and bone-marrow tissues, but none had viraemia.
It is interesting to note that seven of the eight individuals in
whom PARV4 was detected in the plasma were co-infected
with hepatitis viruses (Table 1). The original discovery of
. PARV4 was in an intravenous drug user (IVDU) from the
USA. The 94 HCV window-phase plasma samples analysed
in our study for PARV4 were USA-sourced plasmas and the
donors may have been remunerated financially. PARV4 was
not detected in any of the UK blood donors tested.

These data contrast with those of a recent study in Thailand,
which revealed PARV4 in sera both from IVDUs {8 %) and
in blood donors (4 %) {Lurcharchaiwong et al, 2008). Both
of these figures are higher than those reported previously
from the UK and elsewhere. It is again of interest that the
majority of the PARV4-positive IVDUs in the Thai study,
seven of eight (87.5 %), were HCV-co-infected; this may of
course simply be coincidental, as the proportion of HCV
positives within this group of IVDUs was very high (88.6 %).
The determination of the prevalence of past infection with
PARV4 in these different populations awaits the results of
serological studies, Whether co-infection is a reflection of
the natural history of the virus infection, a commonality of
transmission routes or a consequence of underlying disease
also awaits further elucidation.

The high viral load found in sample 129 (5% 10° DNA
copies ml”') suggests that this patient was experiencing
active virus replication and may represent primary
infection. The only other known high-level samples were
from the original patient, which contained 6 log,o copies

ml™' (E. Delwart, personal communication), and from
archived plasima pools with 6.58 log;o copies ml™° (Fryer
et al,, 2007b). 1t is not known whether the lower viral loads
found in this (Table 2) and other studies represent virus
replication, waning virus levels as antibody develops or a

chronic virus carrier state. Fluctuating low levels of B19
DNA were observed in the plasma of 7.9 % of patients with
congenital haemoglobinopathy. It has been postulated that
this may be due to minor reactivation from sites of virus
persistence (Lefrére et al, 2005), which may also explain
the 1% of pregnant women (Lefrére et al, 2005} and blood
donors (Candotti et al., 2004) who are B19 DNA-positive.
A similar phenomenon may be occurring with PARV4.
Further development of antibody assays and follow-up
studies on : PARV4-positive patients are required to
investigate these hypotheses.

The high level of sequence conservation observed within
the samples that tested positive for PARV4 is consistent
with the findings of other groups. This argues for a recent
evolutionaty origin or a high conservation pressure.
Manning et al. (2007) observed an apparent temporal shift
in PARV4 genotypes, with genotype 1 representing the
current ‘modern’ infection and genatype 2 the older strain.
Study subjects positive for genotype 1 were all born after
1958 and those infected with genotype 2 were born
between 1949 and 1956, A similar situation has recently
been descrived for B19 variants, with genotype 1
superseding genotype 2 in the skin {Norja et al, 2006).
Demographic information on the patients and donors in
our study was not available, as all samples were obtained in
a random, anonymized manner.

The three genotypes of PARV4 now identified (Simmonds
et al, 2008) have not yet been related to any disease.
However, 8 years elapsed between the discovery of B19 and
its association with fifth disease (erythema infectiosum)
{Anderson ef al, 1983). Our findings and those of others
suggest that a parenteral transmission route is likely. It
remains to be seen where PARV4 replicates and whether
there are any disease associations.
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Materials: Test results of all blood samples from 929 RR bleod donors
tecorded during the 2006-2009 peslod ebtained at CITM by testing a totat
of 313,564 blood units were analyzed.

Results: Tn 929 RR donors, HCV predominated {S1%) due to the use of
combined anti HCV/HCV Ag-Ab test, follawed by HIV (18.9%) and a
compasable proportion of HBsAg and antl TP RR donors {14.4% and 15.8%,

respectively). The HBsAg test ylelded the highest rate of confirmed reac-.

tivity {429%), followed by syphilis-ELA {22.4%) and the lowest rate for HCY
and HIV (4.4% and 1.1%, respectively). Table t summarizes the results of
all RR donors analyzed durlng the study period, showling that 742 (79.9%)
RR donors met the requirements for subsequent blood donation, In Table 2,
next donatlons by these 742 donors are classified as follows: 475 {64%)
presented for donatien, 246 {51.80%) of them were seronegative and 229
{48.2%) showed repeat reactivity. Repeat reactivity was later recorded in 4
of 246 donots having continued with bleod donation.

. Tablel

0062009 __ | HBV, (ﬂc_\._r er SYEI;I Totat) %
ARDONORS ,.334.-P4.7.3_ L _115__L1.4.Z_ 529 | 100.0
ermanently deferred
onfirmed positive, 86 ) .20 1.2 33220
ermanently deferred

nfirnedindetermined | 3 (__28 ) 2 | 9 [ 42 { &5
emporarly defereed/ [ [

Tofolowup | . 2_)_ 19 [ 7 | 5 |33 ] 36 ,

rea to donate/

onfirmed negative/flagged | _ 73 _i_gosﬁ__;stg__;,oqj_z@g 79.9_|
~_ Table2 ,

___ 20062008 ___ | HeY |Hcy HIV. S¥PH. | Tma! %
resented for donation, 3 58 ._.2_3.3. 122 | 62 ) 475 | 64.0
extdonations negative [ 33 1113 | 65 [ 29 | 246 | 518
extdonationsreactive | | 25 11134 57 | 33 | 229 | 482

Concluslons: Testlng for blood transmissible Infections yielded nonspe-
cific reactivity in the mafority of 925 RR donars and repeat reactivity in
nearly haif of subjects (HBV 43%, HCV 48%, HIV 46% and syphilis 530,
None of RR donors developed infection (PCR negative) on follow up.
whereas blood unit reactivity was recorded In 4 of 246 RR donors having
continued with blood donation. Thus, the use of PCR an thelr reincluslon in
the dopor pool is justified. Farther foliow up ln 229 blood donors scheduled
for monitoring and additional testing resulted in permanent deferral in 108
and temporary deferral in 97 donors, whereas subsequent donation was
approved in 24 donors,

. P-0516

INFECTIVITY OF B19 DNA POSIFIVE BLOOD PRODUCTS

Houfar MK', Mayr-Wahlfart U?, Sireis W', Seifdied E', Schrezenmeier H?,
Schmidt M

'Germaen Red Cross, Institute Frankfurt, Frankfurt, Germeny ingtitute for
Clinical Transfuston Medicine and Immunogenciics, German Red Cross,
Ulm, Germany

Background: Since 2000, blood*donor screening for BE9 by NAT at the
Ulm Institete has becn corducted 6-8 weeks post donation, ie. after
transfuston of cellular blood products whereas at the Frankfurt Institute
all donations are screcned before releasing any blood product In the
current study, we evaluated the infectivity of B[9 poshtive blood prod-
ucts In relation to the virus concentration in the transfuscd blood
companent.

Study design; In a retrospective study, reciplents were classified into two
groups {A: transfused with blood products with Big virus load less than®
10% IUfml; B: transfused with blood products with B19 vitus |oad »10°% U]
ml). Phylogenetic analyses were done for B19 DNA positive donor and
reciplent pairs in the varlant VP-1u genome region. All samples were
Investigated for IgM.and IgG B19 antibodies.

© 2010 The Authors

Results: B19 DNA was detected in 9 out of {8 recipients of red blood cell
concentrates from group B whereas none out of 16 Teclpients ffom group A
were B19 DNA positive (P = 0.016}. Phylogenetic analysis demonstrated
identical genome sequences betwecn donors and reclpients.

Conclusfons: B19 transmisston by cellular blood products correlates with
the virus cancentration as well as with the concentration of neutralizing
antibodies. As a consequence, biood donor screening for B19 by mini-pool
NAT should be lmplemented for 2ll products in order to discard alf
donations with 2 high virus burden and to enable transfusion of Bi19
negative blood products for at-rlsk patients.

P.0517

WHO WORKSHORS ON DEVELOPING NATIONAL SYSTEMS FOR
100% QUALITY-ASSURED SCREENING OF BLOOD DONATIGNS
FOR TRANSFUSION-TRANSMISSIBLE INFECTIONS

Aby Amin N, Dhingra N

World Health Qrganization, Geneva, Switzeriand

Background: The provision of safe bload and blood products for trans-
fuslon or manufacturing use {nvolves 2 number of processes, from the
selection of blood donors and the collection, processing and testing of
blood donations to its administration to paticnts. There is a risk of error
in cach process In this “transfusion chaln"which can have serious
implications for transfused patients. Thus, while blood transfusion can be
life-saving, there are associated risks, particularly the transmission of
bloodhome infections. It is the responsihility of governments to assare a
safe and sufficlent supply of blood and blood products for all patients
requiring transfusion. However, in 2007, 41 countries are not able to
screen all blood donations for one or more of the transfusion-transmis-
sible infections (TTTs) - including HIV, hepatitis B, hepatitis € and
syphilis.

- Aim: The maln aims of the WHO workshops are to: provide an appaortunity

for the sharing of experience among countries on the challenges and
strategies in developing national systems for quality-assured blood
screening; dentify needs and areas of concern in strengthening national

blood screcning programmes; develop country actlon plans for priority -
activitles for national blood screcnlng programmes, end make recom-

mendatlions to International organizations for supporting countries ta mect
thelr needs in-achieving 100% quality-assured screening of donated bloed.
Methods: WHO Blood Transfusion Safety Programme had organized two
3-day workshop on "Developing National Systems for 100% Quality-As-
sured Screening of Donated Blood for Transfuslon-Transmissible Tnfec-
tions”. The WHO document, “Recommendations on Screcning Dorated
Blood for Transfuston-Transmissible Tnfections™ were used as the basis of
the training workshop.

- Results: Sixty patticipants from 25 countrles in the African, South-East

Asian and Western Pacific regions attended the workshops, These rep-
tesent the countrles that were not able to screcn all donated blood for
major transfuslon-transmlssible infections or to pecform screcning within
a quality system. Invited participants from each-country will include the
national blood programme manager and a senlor laboratory manager in
the blood transfusion service (medicalfsclentific/technicall who 1s In-
volved In setting up national systems For the quality-assured screening
of donated blood. The working mcthodalogy of the workshop will in-
tlude country presentations, group work and the development of countsy
plans.

Conclusions: The warkshops were able to facilitate the sharing of expe-
rence among countries on the challenges and strategies in developing
national systems for quality-assured bloed screening; identify variations in
screening strategies, practices and areas of cancern of the countries; pro-
vide opportunity for participants to develop country action plans for pri-
ority” activities to strengther national-blood screcning programmes, and
strengthen the strategies and capacity of international organizations and
Institutions to respond ta countries’ needs an policy and technical guidance
in supporting countries to meet their necds in achieving 100% quality-
assured screcning of denated blood.

Journal compliation © 2010 International Soclety of Blood Transfuslon Vor Sanguinis (2010) 99 (Suppl. 1), 1-516
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DISPATCHES

La Crosse Virus in
Aedes albopictus
Mosquitoes, Texas,
USA, 2009

Amy J. Lambert, Carol D. Blair, Mary D’Anton,
Winnann Ewing, Michelle Harborth,
Robyn Seiferth, Jeannie Xiang,
and Robert S. Lanciotti

We report the arthropod-borne pediatric sncephalitic
agent La Crosse virus in Aedes albopicfus mosquitoes col-
tected in Dallas County, Texas, USA, in August 2008. The
presence of this virus in an invasive vector species within
a region that lies outside the virus's historically recognized
geographic range is of public heaith concern.

La Crosse virus (LACV) is the most common cause
of arthropod-bomne, pediatric encephalitis in North
America. A member of the California serogroup within
the family Bunyaviridae and the genus Orthoburnyavirus,
LACYV is enveloped and contains a negative-sense, iripar-
tite genome with segments designated small (S), medium
(M), and large (L). Cases of LACV-associated encephali-
tis, which can be fatal, occur within the geographic range
of s principal veclor, Adedes triseriatus mosquitoes. This
native tree-hole breeding mosquito is distribuied through-
out wooded regions east of the Rocky Mountains within
the Uniled States. Hislorically, most LACV-associated en-
cephalitis cases have occurred in upper midweslem states,
including Wisconsin, Illinois, Minmesota, Indianma, and
Ohio (Figure 1). In recent vears, LACV encephalifis activ-
ity has increased above endemic levels in regions of the
southeastem United States, including West Virginia, North
Carolina, end Tennessee (Figure 1) (1). In addition, recent
cases of LACYV encephalitis have been reported as far south
as Louistana, Alabama, Georgia, and Florida (Figure 1),
Ae. albopictus is an invasive mosquito species that
was first discovered in Houston, Texas, in 1983 (2); hav-
ing apparently amrived in the United States in a shipment
of used tires from Asia {(3). An opporfunistic container-
breeder, its vector competence for many arthropod-borne
viruses {(arboviruses), including LACV, and its catholic

Author affillations: Centers for Disease Control and Prevention,
Fort Collins, Colorade, USA (A.J. Lambert, R.S. Lanciotti); Colo-

rado State University, Fort Collins {C.D. Blair); and Texas Depait- .

mant of State Health Services, Austin, Texas, USA (M. D'Anton, W,
Ewing, M. Harbotth, R. Seiferth, J. Xiang)
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feeding habit have made the invasion of de. albopictus
mosquitoes disconceriing to researchers, who have wamed
of the potential for an increased incidence of vector-borme
diseases as a result (4,5). Since 1985, the pgeopraphic dis-
{ribution of these mosquitoes has grown {o include most
of the southeastern United States. The concurrent increase
in LACYV encephalitis activity has led to speculation on -
ihe possible iransmission of LACV by Ade. albopicius
mosquitoes as an accessory mechanism to the historically
recogmized transmission by Ae. friserfafus mosquitoes
(6). LACV has been isolated from Ae. albopictus mosqui-
toes in Tennessee and North Carolina in 1999 and 2000,
tespectively, during a period of greally increased LACV
activity in those areas (6). However, the role of ihis spe-
cies in LACY transmission remains nnknown.

We report the isolation of LACV from a pool of 3 Ae.
afbopictus moscuitoes collected outside the known geo-
graphic range of the virus, in Dallas County, Texas, on
August 13, 2009 (Figure 1). This is one of only several
isolations of LACV within the state; the first isolale was
derived from a pool of Ae. infirmatus mosgpitoes collected
in Houston in 1970 (7). After the identification of LACV in
the Dallas pool, an additional isolation of LACV was made
from a mixed pool of 29 Ae. albopictus and 2 Ae. triseria-
tus mosquitoes collected in Fort Bend County, Texas, in
Qctober 2009 (Figure 1) The Fort Bend County location
is relatively near the site of collection of the 1970 Texas

Figure 1. Geographic distribution of La Crosse virus (LACVY) in
accordance with the habitat range of Aedes friseriafus mosquiloes
in the United States as inferrad from the Cafifornia serogroup virus
neuroinvasive disease average annual incidence by cournty, 1985-
2008. Incidence rates are shoym in shades of blue. Dallas Colnty
and Fort Bend County locations of the 2009 LACY isolations from
pocls containing Ae.albopicfus and Ae. friserfatus mosquitoes are
indicated by green and red stars, respectively. Data.and figure
adapted from the Centers for Disease Conirol and Prevention
website (wewvcde.govilacitech/epi.himl). '
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LACV-positive pool and the known geographic distribu-
tion of LACY activity in southeastern Texas and Louisi-
ana (Figure 1). Taken together, our resulls represent an
unprecedented number of LACYV findings within the state
of Texas, ’

The Study '

As part of ongeing arbovirus surveillance efforts, the
City of Dallas Vector Control Division collected 65 mos-
quitoes in a gravid trap at the edge of a wooded area near
a residential district in Dallas Cournty on August 13, 2000.
Upon their receipt at the Texas Stale Depariment of Health
Services, none of the mosquitoes was viable. The mosqui-
toes were sorted and identified by sex. Female mosquitoes
were grouped into 3 pools by species: pool no. ARG318,
consisting of 50 Crlex quinguefasciatus mosquitoes, pool
no. ARG319, consisting of 3 Ae. albopictus mosquitoes; and
pool no. AR6320, consisting of 1 Ade. wiserianis mosquito.

Generated pools were macerated in 1.5 mL of bovine
albumin diluent arbovirus medium followed by 2 rounds
of centrifugation at 10,000 rpm for 5 min each. Between
each round of cenirifugation, a rest peded of 15 min
was used to facilitate pellet formation. After centrifuga-
tion, 50 ul. of the resullant supernatant was injected onto -
BHK and Vero cells. These cells were incubated at 37°C
and examined for cvlopathic effect (CPE) over the next
10 days. At day 5 postinoculation, Vero cells inoculated
with the supernatant derived from pool no. AR6319 (Ae.
albopictusy demonstrated marked CPE. This condition
represerted a preliminary vins isolation-positive result.
No CPE was observed in the BHK cells. Infecled cells
were then subjected to immunofluorescent antibody as-
says with antibodies directed against variovs arboviruses,
followed by the use of flucrescein isothiocyanate—con-
jugated antimouse antibodies for detection. From these
apalyses, the isolate derived from pool no. ARE319 (4e.
albopictus) was determined to be a California serogroup
virus. Furthermore, pool no. 6318 (Cx. gquinguefasciatus)
tested positive for West Nile virus, and poolno. 6320 (4e.
triseriatus) was negative for virus by the above described
methods.

La Crosse Virus in Mosquitoes, Texas

To further ideniify the Califoria serogroup virus iden-
tified in pool no. AR6319 (Ae. albopietus), the pool and the -
Vero cell-derived isolate were sent to the Centers for Dis-
ease Control and Prevention in Fort Collins, CO, USA, for
additional testing. Tlpon receipt of the samples in Fort Col-
lins, a reverse transeription—PCR was performed to amplify
cDNAs from all 3 segments of the orthobunyavirus genome
by using the consensus oligonucleotide primers showan in
the Table and conditions and methods previously described
(8). Generated cDNAs were then subjected to nucleotide
sequencing and BLAST (www.nebinlm.nih gow/BLAST)
analyses; the results indicated that the pool and the isclate
were positive for LACV 8, M, and L segment RNAs.

Subsequently, a pool (ARB973) of 29 Ae. albopictus
and 2 Ae. friseriatus mosquitoes collected in Fort Bend
County, Texas on October 3, 2009, was identified as positive
for LACV §, M, and L scgment RNAs by using the same
processing and characterization methods described above.
After these analyses, full-length S, M, and L segmen! ge-
nomic sequences (GenBank accession nos. GUS91164-9)
were generated for LACY RNAs extracted from LACV-
posilive pools and Vero cell isolates by using oligonucle-
otide primers specitic for the previously published LACV
prolotype genome (human 1960, GenBank accession nos,
EF485030-2) and methods previously described (9).

Phylogenetic analyses of parlial LACV M segment se-
quences (Figure 2) indicate that the LACVs present in the
Texas 2009 pools are closely related to LACVs isolated
from Alabama, Georgia, and New York of {he previously
described lieage 2 (11 and genotype C (7) designations.
These findings supgest a likely southeastern ancestry for
the Texaa 2009 LACYV izolates.

Concluslons )

The presence of LACV in Ae. albopictus mosquitoes
in Dallas County, Texas, in late summer 2009 represents
the possible expansion of the geographic range of an en-
demic pathogen within this invasive mosquilo species in
the United States. The subsequent oceurrence of LACV in
Fort Bend County in October 2009 should be of concern
to public heallh praclitioners who have been alerted (o the

Table. Orthobunyavifus consensus oligenucleotide primers used for amplification and sequencing of La Crosse virus paitial 5, M, and

L segraent cONAs, Texas, 2003*

Approximate
Targeted genomic regions Name Primer sequence {5’ — 3) amplicon size, bp
3 segment nucleccapsid ORF Cal S forward GCAAATGGATTTGATCCTGATGCAG 210
Cal 8 reverse TTGTTCCTGTTTGCTGGAAAATGAT

M segment 5 terminus/glycoprotein ORF Qrthe M 5' tarminus AGTAGTGTACTACC 410

Ortho M ORF reverse TTRAARCADGCATGGAA
L segment 5' terminus/polymerase ORF QOithe L 5 terminus AGTAGTGTACTCCTA 550

Ortho L ORF reverse AATTCYTCATCATCA

“Qligonucleotide pnmers designed against consatved regions of the orthobunyavirus genome. S segment Primers arpear in a previcus publlcahon {5). Al
primess were ¢=:>p= ied in singleptex reactions using metheds descrited pravicusly {8} with sliered primer annealing condil tons of SC6°C for 1 min. S, smal;

i, medium; L, large; GRF, open reading frame.
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Figure 2. Phylogeny of La Crosse virus (LACV)
medium (M) segment sequences of diverse
origins. According fo a fimiled availabifity of
full-length sequences in GenBank, 1,663 nt
of the M segment glycoprotein gene open-
reading frame are compared. Isolate source
and GenBank accession nos. appear after the
isolate designatfion for each taxon. Sequences
were aligned by Clustalf (103 and neighbor-
joining and maximum-parsimony trees were
generated by using 2,000 bootstrap replicates
with MEGA version 4 software (703, Highly
similar topelegies and confidence values were
derived by all methods and a neighbor-joining
tree is shown, Scale bar represents the number
of nucleotide substdutions per site, The 2009
Texas (TX) isolates group with strong support
with liraage 2 viruses of the extrerne south and
New York (NY), which suggests a likely southemn
ofigin for LACY isolates. MN, Minnesota; Wi,
Wisconsin; Oc., Ochleratatus; MO, Missouri;
TN, Tennessee; Ae., Aedes;, NC, North Carolina;
OH, Ohio; YWV, West Virginia; AL, Alabama; Ps.,
psorophora; GA, Georgia; CT, Conneciicuf.

Lireaga Il

presence of this pathogen near 2 major urban centers, Dal-

las and Houston. Of interest, San Anpelo virus, which is
serologically related to LACYV, is known to occur in Texas
and has been shown to replicate in and be transovarially
{ransmitled by Ae. albopicius mosquitoes (12), although
this virus has no known association with human disease,
Cocireulation enables possible reassortment of genomie
segments between LAGV and San Angelo virus, a phenont-
enon that has been, described for viruses of the California
serogroup within Ae. albopictus mosquitoes (13) with un-
known public health outcomes.

Ms Lambert is a research microbiologist at the Centers for
Disease Control and Prevention, Division of Vector-Borne Infec-
tious Diseases, Fort Collins, Colorado. Her primary research in-
teresis lie in the molecular characterization, detection, and evolu-
tion of viruses of the family Bunyvaviridae.
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West Nile Virus Activity — United States, 2009

West Nile virus (WINV) was Arst detected in che Western
Hemisphere in 1999 in New York City and has since caused
seasonal epidemics of febrile illness and neurclogic disease across
the United Staees, where it is now the leading cause of arboviral
encephalitis (7). "This report updates a previous report (2) and
summarizes WINV activity in the Unired States reported to
CDC in 2009. A total 6f 38 states and the District of Columbia
{(DC) reported 720 cases of WINV disease. Of these, 33 stares
and DC reported 386 cases of WINV neuroinvasive disease, for
an incidence of 0.13 per 100,000 population. The five states
" with the highest incidence of WNV neuroinvasive disease were
Mississippi (1.05 per 100,000), South Dakora (0.74), Wyoming
(0.73), Colorado {0.72), and Nebraska {0.61). Neuroinvasive
disease incidence increased with increasing age, with che high-
est incidence among persons aged 270 years. A total of 33
WNV deaths were reported, 32 from neuroinvasive disease.
Caleulading from the number of neuroinvasive disease cases
and projections from 1999 scrosurvey data, CDC estimared
that 54,000 persons were infected with WINV in 2009, of
whom 10,000 developed nonneuroinvasive WINV disease. The
continuing disease burden caused by WNV affirms the need for
ongoing survmﬂa.nce, mosquito control, promotion of personal
protection from mosquito bites, and research into additional
prevention strategies.

WNYV is a nationally notifiable disease. Data are reported 1o
CDC through AtboNET, an Internec-based arbovirus sueveil-
lance system managed by state health departments and CDC
{2). Using standard case definitions,™ human WNV disease cases
are classified as WINV neuroinvasive disease (e.g., meningids,
encephalitis, or acute {accid paralysis) or WINV nonneuro-
invasive disease {2.g., acuce systemic febrile illness that often
includes headache, myalgia, or arthralgia). Nonneuroinvasive
disease reporting varies greatly by jurisdiction, depending on
disease awareness, health-care—seeking behaviots, and testing
practices. Therefore, this report focuses on WNV neuroinvasive
disease cases, which are thought to be identified and reporced
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motc consisrenty because of the severity of the illness, In
addidon to human disease cases, AthoNET caprures data on
presumptively viremic blood donors (PVDs), veterinary cases,
and WNV infections in sentinel animals {most commonly
chickens), dead hirds, and mosquitoes. Not all jurisdictions
conduct nonhuman surveillance.

Human Survetlfance

,During 2009, a total of 720 cases of WNV disease were
reported from 262 counties in 38 states and DC. Of these
720 cascs, 386 (549) were reported as WINV neuroinvasive
disease and 334 (46%) as nonneuroinvasive discase. A total of
116 PVDs, identified through routine screening of the blood
supply, also were reported. Of these PVDs, 92 (79%) were
asyimprormatic, 23 {2096) developed nonneuroinvasive disease,
and one (1%} subsequenty developed neuroinvasive discase.
PVDs who developed symptomatic disease were included in
disease case counts.

The 386 reported cases of neuroinvasive disease represented a
rate of 0.13 per 100,000 population in the United Srates, based
on July 1, 2009 U.S. Census population cstimates (Figure 1).
States reporting the most WNV neuroinvasive disease cases
were Texas with 93 (24% of U.S. cases) and California with
67 (17%). Washington, which reported only two neurcinvasive
discase cases in 2608, reported 26 (7%} cases in 2009. The five
states with the highest incidence were Mississippi (31 cases,
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FIGURE 1. Annual incidence* of cases of West Nile virus neurcinvasive disease’ —
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1.05 cases per 100,000 residents}, South Dakora {six
cases, 0.74), Wyoming {four cases, 0.73), Colorado
(36 cases, 0.72), and Nebraska {11 cases, 0.61)
{Figure 2). WNV neuroinvasive disease peaked in the
United States during mid-Aungust, and 352 (91%) of
the 386 cascs were reported during July-Seprember.
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This seasonality was consistent with trends observed
over the preceding 10 years {2).

Of the 386 neuroinvasive discase cases, 226 {59%)
occurred in males. The snedian age of patients was 60
yeaes {range: 2-91 yeats), with increasing incidence
among persons in older age groups (Figure 3). Overall,
368 (95%) patients with neuroinvasive disease were
hospiralized, and 32 {8.3%) died (median age: 72
years; range: 1989 years). A total of 229 (59%)
neuroinvasive discase cases were classified as encepha-
litis, 117 (309) as meningitis, and 40 {109%) as acure
flaccid paralysis; 27 (689%) of the 40 cases classificd
as acute flacdd paralysis had colncident encephalitis
Of meningitis.

Serologic surveys indieate thar for every case of
WNV neuroinvasive disease there are approximately
140 infcctions and approximately 20% of infected
petsons develop nonneuroinvasive disease (3). Using
the 386 reported neuroinvasive disease cases, CDC
estimated that 54,000 infections and 10,000 cases
of WNV nonneuroinvasive disease occurred in the
United States in 2009. Only 334 nonneuroinvasive
disease cases were reported to ArboNET in 2009,
representing approximately 3% of the estimated
aumber, -
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Animal Surveillance

OF 298 reported veterinary cases of WNV disease,
275 (92%) occurred in equines and 23 (8%) occureed
in other species: squirrels, 13; canines, eight; camelids,
one; and deet, one. The equine cases were reported from
168 counties in 36 states, wich 72 (269%) reported from
Washingron. The number of reported WNV-infected
equines peaked during the first week of September.

In 2009, a toral of 759 dead WINV-infected birds
were reported from 141 counties in 25 states and che
District of Columbia; California reported 515 (68%)
dead birds. Of the 141 counties reporting WNV-
infected birds, 92 (65%) counties in 19 states reported
infected dead birds but no human disease cases. The
number of reported WINV-infecred birds peaked due-
ing the first week of September. Corvids (e.g., crows,
jays, and magpies), which are tatgeted for sueveillance
by most states, accounted for 534 (70%) of the birds.
Since 1999, WINV infection has been reporred in 328
avian specics, including two species, MacGillivray's
warbler and tricolored blackbird, in which WNV was
identified for the first time during 2009.

Mosquito Surveillance
n 2009, a total of 6,646 mosquito pools’ from 351
counties in 40 states and DC were reporred as testing
positive for WNV. Among the WNV-positive pools,
4,987 (75%) had species of Curex mosquitoes thought
to be the principal vectors of WINV (e.g., Culex pipiens,
Culex guinquefasciatus, Culexs vestuans, Culex salinaris,
and Crlex tarsalis). Unidentified or other species of
Culex mosquitoes made up 1,488 (229%) pools, and
non-Cilex mosquito species (e.g., Aedes sp., Anopheles
sp., Coquillettidia perturbans, Culiseta sp., Mansonin
titillans, Psorophora columbiae, and Uranotaenia sap-
phirind) made up 171 (3%) pools. Dara from 2009
also indluded the first report of WNV infection in Aedes
epactius, which was collected in Texas. The number of
reported WINV-infected mosquite pools peaked dur-
ing mid-August.
Reported by

NP Lindsey, MS, JA Lelvman, AL Greiner, JE Staples,
MD N Komar, SeD, E Ziclinski-Gutierrez, DrlPh,
RS Nasci, PHD, M Fischer, MD, Arboviral Discases

Br, Div of Vector-Borne Diseases, National Center for
Emerging and Zoonotic Infeciions Diseases, CDC.

# A sample of mosquitoes (asually no more than 50) of the same species
and sex, collected within a defined sampling area and period.

FIGURE 2. Incidence® of cases {N = 386) of West Nile virus nauroinvasive disease!

-~ ArboMNET, United States, 2009
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FIGURE 3. Incidence* of cases (N = 386) of Wast Nile virus neuroinvasive

disease,! by age group — ArboNET, United States, 2009
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*Per 100,000 population, based on july 1, 2009 U,S, Census estimates.
t Meningitis, encephalitis, or acute flaccid paralysis.

Editorial Note

Since introduced into the United States in 1999,
WNV has become the leading cause of arboviral
encephalitis in the country. However, in 2009, the
reported incidence of WINV neurcinvasive disease
in the United States was 0.13 per 100,000 popula-
don, the lowest recorded since 2001 (2). During
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2004-2007, WNV had appeared to reach a stable
incidence of approximately 0.4 per 100,000, buc
incidence dropped to 0.2 per 100,000 in 2008 (2)
and continued to dedline in 2009, This rend might
be aceributed 1o vaziation in populations of vecrors
and vertebrate hosts, accumulagion of immunity in
avian amplifying hosts, human bchavior (e.g., use of
repellents and protective clothing), community-level
interventions, repordng practices, or enviromental
factors (e.g., temperature and rainfall) (£ 5).

In 2009, cvidence of WNV human disease
again was derecred in all geographic regions of the
continental United States. The highest incidence
of WNV neuroinvasive disease continued to occur
mainly in the west-central United States, likely
because of the high efficiency of Cx. tarsalis as 2
WNV vector. Mississippi (31 cases, 1.05 cases per
100,000) continued to be among those states with
the highest incidence of WNV neuroinvasive disease.
Arizona, which had the second highest incidence of
WNV nevroinvasive disease in 2008 (62 cases, 1.0 per
100,000), reported an 81% decrease in cases with 12
cases and an incidence of only 0.18 per 100,000 in
2009 (1}. After reporting ics first two neuroinvasive
disease cases in 2008, Washington reported the
seventh highest state incidence in 2009 (26 cases, 0.39
per 160,000). These Aindings illustrate the wide annual
variability and focality of WNV wransmission.
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The findings in this repore are subject to at least
wo limitations, First, AtboNET is a passive surveil-
lance system that depends on clinicians to consider
the diagnosis of an arboviral disease, obtain the
appropriate diagnostic test, and report any positive
results. Diagnosis and reporting likely are incomplete,
leading 10 underestimation of the wrue incidence of
disease. Second, arhoviral sueveillance programs, test-
ing capacity, and reporting can vary by county, state,
ot region, affecting incidence estimates.

In the absence of an effective human vaccine,
prevention of WINV disease depends on communicy-
level mosquito control and promotion of personal
protective measures. Such measures include use of
mosquito repellents, barrier protection {e.g., long-
sleeved shirts, long pants, and socks), avoiding
ourdoor exposure, or using personal protection from
dusk to dawn. Household measutes, such as window
screens and coveting or draining peridamestic watet-
holding containers can further decrease the risk for
WNV exposure,

Additional information on prevendon of WNV
infection Is available from CDC at htp://www.cde.
govincidod/dvbidfwestnile/index. ham. An overview of
current year WNV transmission activity is available at
herp://diseasemaps. usgs.gov/wnv_us_human.hml.
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GLOBAL NEWS

Members of the Dutch Parliament met last week to discuss the cost of blood in that country, and
one of their topics was the transparency of operations at Sanquin, the foundation responsible for
managing the blood supply in the Netherlands. Last August, a benchmark report compared the price of
blood products in a number of European couniries, and it concluded that prices in the Netherlands were
higher than those in freland, Belgium, France, and Finland. In response, the Minister of Health wrote a
letter in which he indicated a number of steps that would improve transparency at Sanquin, and he also
announced a follow-up study that would focus on the current law on blood supply. The meeting this week
was also attended by representatives from patient organizations, donor organizations, physicians, the
Plasma Proteins Therapeutics Association, the Dutch Red Cross, and Sanquin. (Source: PPTA Leadership
Briefing, 4/16/10) &

INFECTIOUS DISEASE UPDATES
CES

Blood banks in New Zealand will begin deferring any potential blood donor who has a record of
chronic fatigue syndrome (CFS), and officials in Australia are reviewing donation guidelines there.
The decision in New Zealand was made in the wake of a US research study that found xenotropic murine
leukemia virus-related virus (XMRV), a virus that has been linked to prostate cancer, in the blood of far
more people with CFS than the healthy population. Other scientists have been unable to confirm those
results, but health authorities in the ¥US are investigating the possible link between CFS and XMRV, and
Canadian Blood Services (CBS}) has already instituted a lifetime deferral for potential blood donors who
have been diagnosed with CFS (see ABC Newsletter, 4/9/10). The national medical director for New
Zealand’s blood banks, Peter Flanagan, said the New Zealand Blood Service (NZBS) reviewed the issue
at a meeting held carlier this month and decided that the present exclusion of blood from people still suf-
fering from CFS or patients who had been diagnosed in the past two years “should be extended 10 also
exclude donors who report ever having been diagnosed with chronic fatigne syndrome.” He admitted that
the decision was made despite a lack of good scientific data on the issue. Meanwhile, the Australian Red
Cross Blood Service is conducting its own risk analysis, and it says existing donor guidelines require
people with CFS (o defer giving blood until they make a full recovery. It said it collects more than
500,000 blood donations each year, but only 70 donors with CFS have been deferred in the past two
vears. The blood service said in a statement that it “cunently defers donors who suffer from [CFS and]
before we can accept their blood again, they need to bring us a letter from their ireating physiciah advis—

4/20/10) &

Ve Welcome Your Articles

We at the ABC Newsletter welcome freelance articles on any subject relevant to the blood banking comumuni-
ty. Writers are encouraged to submit short proposals or unsolicited manuscripts of no more than 1,100
words. While ABC cannot pay for freelance pieces, the Writer’s name and title will be included at the end of
the story, brief news item, or commentary. If proposing a story, please wiite a few paragraphs describing the
idea and sowrces of information you will use, your present job and background, and your qualifications for
wriling on the topic. ABC staff cannot guarantee all stories will be published, and all outside writing will be
subject to editing for style clarity, brevity, and good taste. Please submit ideas and manuscripts to Editor
Robert Kapler at gkapleri®americasblood.org. You will be sent a writer’s guide that provides information on
style conventions, story structure deadlines, etc.
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News & Events
FDA Note toa Correspondents

For Immediate Release: August 23, 2010

Media Inguiries: Shelly Burgess, 301-785-4651, shelly. burgesa@ida.hhs.gon

Consumer Inquiries: 888-INFO-FDA

Study: Presence of murine leukemia virus related gene sequences found in CFS patients
Researchers have fouad muring leukemia viruses (MLV) related gene sequences in biood samples collected from patiants dizgnesed with chrenic fatigue syndreme {CFS) and some
healthy bieed donors, according to 3 study published online today by the scientific journal Proceedings of tha National Academy of Sclences {PNAS),

Investigators from the U.S. Food and Drug Administration’s Center for Biologics Evaluation and Research and the National Institutes of Health Clinlcat Cernter, in collaboration with a
physiclan sciensist et Harvard Madical Schoeel, examined blood samples from 37 patients diagnosed with CFS and from 44 healthy bleed donors.

MLV is 2 type of retrovirus known to cause cancer in mice. Several different MLV gens sequences were ideniified in samples from 32 of the 37 patiants with CFS (87 percent) and 3 of
the 44 (7 perceat) heslthy biood donoys. Investigstors performed DNA sequancing an all pasitively ampfified safmples to confirm MLV like gene saquences.

This study supports a pravious Investigation {Lombardi et al. Science October 23, 200% 326: 585] that showed XMRV, 2 genelic variant of MLV-like viruses, to be present in the Glesd o
people with CFS, The study demanstrates a strong association batween a diagnosis of CFS and the presence of MLV-like virus gene sequentces in the blosd. The study also showad tha
MLY-Hke viral gene sequences were detected in a small fraction of healthy blead donors. Although the stetistical 2ssociation with CFS is strong, this study does NOT prove that these
retroviruses are the cause of CFS. Further studies are necessary to determine if XMRV or other MLV-reflated viruses can cause CFS,

A pravious study, publishad in 2009, reported finding XMRY infections in a high percentage of CFS petients and a small percentage of healthy blood donors, However,
several other studies fram the United States (including a recant report from the Centers for Disease Coatrel and Prevention), the United Kingdom, and the Netherfands have found no

evidence of XMRV or other MLV-like viruses in tha blood af paeple with CFS.
For mare information:
* Musine Leukemla Virus Gene Sequence Study - Questians and Answers!

» Xenotropic Murine Leukemia Virug-related Virus - Overview? (CDC)
= Xenatropic Murine Leukemia Virus-related virus - Questions and Answers? {CoC)

Links en this page:
1. http:/fwww.fda.gov/BiologicsBlaodVaccines/Salety Availability/uem 223232, htm

2. http:ﬂ'www.cdc.gcv/xmrvﬁndex.rhtml
3, http:ffwww.cdc.gov/xmrv/questions-answers. html
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New studx on the detection of murine leukemia virus-related virus gene sequences in the blood of patients with chronic fatigue syndrome (CFS)
and healthy blood donors - Questions and Answers
Questions and Answers

1. What are murine ieulemia viruses?

Murine leukemia viruses (MLV) ara retroviruses known to cause cancer In certain mica, In 2005, investigators found that a tvpe of MLV, called xenctrepic murine leukemia virus-relate
virus (XMRV), could potentiaily infect humans, XMRY is one of a number of MLVs that appear to be transmitted to humans. .

2, What is CFS?

Chronic fetigue syadrome {CFS) is a debilitating disorder defined solely by citnicel symptoms and the absence of other causes, It's unknown what causes CFS,

3. Has MLV or XMRV previously been associated with CFS or other disease?

A previous study, published in the journal [Lomibardi et. al. Science October 23, 2009 32&; 583), reported finding XMRY in a high percentage of CFS patients and 2 small percentage of
healthy blood donors. However, other studies conducted in the U.5., Netherlands, and UK did not detest evidenca of XMRV ar ather MLV-related viruses In CFS patients,

ZMRV was first identified In Hssue samples from some prostate cancer patiants in 2006. However, one subsequent study falled to find XMRV in prostate cancer ussuas, and ancther
stugy found the virus only rarely in such tissues,

4. What did the new study evaiuate?

Investigators from the Food and Orug Administration’s (FDA} Center for Bialogics Evsluation and Research, tha National Institutes of Health {NiH) Clinical Center, and Harvard Medical -
School have published a study In the sdenlific journal Procesdings of the National Acedemy of Sciances that examines the presence of MLVs in blood collacted from two groups --
patients diagnosed with CFS and healthy blood donors.

This study tested blood samples colfected from the New England area in the mid-1990s from 37 patients disgnosed wnth CF5, as well 25 samples from 44 healthy blvod donors collectec

in the Clinical Center Blocd Bank, NIH, between 2063 and 2006, Investigators parforrmed DNA sequending on gach sample r.hat produced positive preduct for verification af MLv-like
gene sequences. Diverse MLV gene sequences, similar to that of the recently discovered XMRV, were identified in samples fram 32 of the 37 patignts with CFS (85.5%) and 3 of the 4¢

{6.8%) healthy blocd denars that wera tested.
Follow-up samples were collected from 8 of the CFS patients in 2610, and 7 of these again tested positive for MLV-ike gene sequences.

5. What did the new study conclude?

This study suppons a previous investigation[Lombardt et al, Scfence Dctober 23, 2002 326: 585)that showed XMRY, a genetic variant of MLV-lke viruses, to be presant in the bloed of
pecple with CFS. The study deamonstrates a strong association beiween a diagnesis of CFS and the presence of MLV-like virus gene sequences in the blood. The study also showed tha
MLy-like viral gene sequences were detected in a smalt fraction of healthy bload donors. Although the statistical association with CFS is strong, this study does NOT prove that these
retroviruses are the cauvse of CFS. Further studles are necessary to determine If XMRY ar other MLV-related viruses can cause CFS, -

€. Are there studles that support different conclusions?

Some previous studies from the Unlted States (including a study by the Centers for Disease Control and Prevention), the United Kingdom and the Netherlands reported finding no
evidenca of XMRV or other MLV-related infections in p2ople with CFS. These different findings could be caused by a varlety of factors {for example, difference in study populations),

- and underscore the need for 2dditional studies and sndardized methods.

7. Can MLV or XMRV be transmitted by blood or tissue products?

Additional research Is needed o Investigate the possibility that these MLV-related viruses and XMRV may be transmitted by blood or human tissue and are capable of causing disease,
Investigators at FDA, NIH, COC and other sdentific institutlons are In the process of conducting studies to verify the capabilities of the tests ysed by the different laboratories for the
detectlon of XMRY ar MLV-related viryses in blood, These studies are intended to davelop and standardize 2 highly sensitive and spedific XMRY test to better study its assodiation with
diseasa, as wall as the possibllity that XMRV can be transmitted to bloed or tissue recipiants.

8. What are the Implications for btood donors?
At present, FDA does not bave a donor policy specific to XMRV or other MLVs. There is currently no evidence that XMRV or MLVs are transmitted by transfusien in humens or that XMR'
or other MLVs cause human diszase. FDA regulations require that denors te in good health at the tima of donation.

9. Does FDA agree with the AABB recommendation to discourage donation by people with history of CFS?

FDA does not abject to the AABB recommendation. The AABB recomymendation is conslstent with a long-standing position of the Chronic Fatigue and Immune Dysfunctlon Syndrome
(CFID5) Associatlon of America that individuals with £FS voluntarily should not donate blood.

10, How are the differences between the CDC and FDA study results being evaluated?

Differences in the resuits could reflect differences In the patient popuiations that provided the samples. Alternatively, undefined differgnces in the methad of sample preparation could
be contributing to the discordant test results. Al of the scientists Involved are working collaborativaly to design expariments to quickly answer this sclentifically puzzling question. An
independent investigator at the Mational Heart, Lung, 2nd Blood Institute (NHLBI) set up 2 test set of 36 samples, including known pasitives and presumed negatives, Bath the
FDA/NIH and CDC labs participated in this test, and the results showed that both labs were able to detect XMRV present at low ievels in blinded samples. Additionally, the CDC
laboratery provided 82 samples from their published negative study to FDA, who testad the samgples blindly. Initial analysis shows that the FDA test results are generally consistent
with CDL, with no XMAV-positive results in the CFS samples CDC provided (34 samples were tesled, 31 were negative, 3 were indatérminate).

11./What do these findings mean to CFS patients and clinicians whao treat them?

Although this study found MLV-like viral géne sequences in a high percentage of CFS patients, this does not prove that these retrowruses are the cause of CFS ar of any other disease.
HMoregver, cther studies have not feund evidence of such retroviruses in patients with CFS. Further studies sre necessary to determing if XMRY or other MLY-like viruses are
reproducibly associated wilh CFS, and if so whether the virus is a causative agent or 2 harmless co-traveler. The different findings frem various studies reinforce the need far more
rasearch--Induding careful analysis of pther cohorts of CFS patients from different gaographic reglens, studies of larger populations of healthy people, and testing of transmissibility of
the egents through bleed transfusiens in animal models. FDA, NIH, and COC have and will continue to collaborate with other agencies and groups involved in this research.

Links on this page:
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WHO | Rift Valley fever in South Africa~ update 2 ' 1/1 R—
JRC2010T-021

(2R World Health
WY Organization

Rift Valley fever in South Africa- update 2

12 May 20190 -- On 1} May 2010 Bernhard-Nocht-Institute for Tropical Medicine in Germany reported that additional laboratory
analyses conducted both in Germany and South Africa on the German tourist who was preliminarily diagnosed with Rift Valley
Fever (RVF) following her return from South Africa, was in-fact infected with Rickettsia and not with RVF virus,

Rickettsia, commonly known as tick fever is a bacterium which can cause many discases that are transmitted by blood-sucking
parasitic arthropods such as fleas, lice and ticks. Symptoms of rickettsial infections include rash, fever, and flulike symptoms.
Aftican tlok bite fever is caused by rickeftsia africae and tends to be a milder iliness, with less prominent rash and little tendency to
progress to complicated disease. All rickettsial discases respond to treatment with antibiotics such as doxycycline and tetracycline

As of 10 May, the Government of South Africa has reported 186 confirmed cases of RVF in humans, including 18 deaths, in Free

& -2 Province, Eastern Cape Province, Northern Cape Province, Western Cape, and North West Province. RVF is a viral disease
the.. primarily affects animals (such as cattle, buffalo, sheep, goats and camels), The disease can also affect humans. The main mode
of transmission of RVF is via direct or indirect contact with the blood or organs of infected anirals, Human infections have also
resulted from the bites of infected mosquitoes. There is evidence that humans may become infected by ingesting the unpasteurized
or uncooked milk of infected animals,

WHO advises no international travel restriction to or from South Africa. However, WHO recommends that visitors to South AfTica,
especially those intending to visit farms and/or game reserves, avoid coming into contact with animal tissues or bIood avoid
drinking unpasteurized or uncooked milk or eating raw meat.

All travelers should take appropriate precautions against bites from mosquifoes and other blood-sucking insects (inchading the use
of insect repellents, wearing long-sleeved shirts and trousers, and sleeping under mosquito nets). Travel medicine professionals and
travel medicine services should be aware of the current RVF situation in South Africa in order to provide advice and care
accordingly.

For more information

Depariment of Health. South Africa

"National Institute_for Communicable DISC’ISCS (NICD)

Robert Koch Inslitute

Rift Valley fever: WHO fact sheet

Protection against vectors [pdl 348k
International Travel and Health
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A Large Q Fever QOutbreak in an Urban School
in Central Israel

Ziva Arnifai."‘ Michal Bromberg,** Michae! Bernstein® David Raveh,” Avi Keysary® Dan David® Silvio Pittik;?
David Swerdlow,” Robert Massung,”® Sabine Rzotkiewicz' Ora Halufz® and Tamy Shohat'™

el Aviv District Health Offica, Ministry of Health, *Clinical Virology Unit, Tel Aviv Medical Center, *Department of Epidemiclogy and Preventive
Madicing, Sackler School of Medicing, Tal Aviv Uriversity, Tal Aviy, “stae! Center for Diseasa Central, Ministey af Health, Chaim Shaba Medizal
Center, Tel Hashomer, *Department of Bacterialogy, Kimron Veterinary Institute, *Rabies laboratory, Kimran Veterinary lnstitute, Bet Dagan,
"tnfectious Diseases Unit, Shaare Zedek Medical Center, Jemusalem ®lsragl National Raference Center for Rickettsiosis, Israel Institute

for Biological Research, Ness-Zigna, "Internal Medicine C & Infectious Diseases, Rabin Medical Center, Beilinson Campus,

Petach Tikva, tsrael; and “Rickettsial Zoohoses Branch, Centars fot Uiseasa Control and Pravention, Atlanta, Georgla

Background. On 28 june 2005, numerous cases of febrile illness were reported among 322 students and
employees of a boarding high scheol located in an urban area in central Israel. Subsequent investigation identified
a large outbreak of Q fever which started 2 weeks earlier. We describe the investigation of this outbreak and its
possible implications.

Methods. We conducted a case-control study to identify risk factors for Q fever disease. Environmental sampling
was conducted to identify the source and the mode of transmission of Coxiella burnetii, the infectious agent.

Results.  Of 303 individuals, 187 (62%) reported being ill between 15 June and 13 July 2005. Serological
evidence for C. burnetii infection was evident in 144 (88%) of the 164 tested individuals. Being a student, dining
regularly at the school dining room, and boarding at school during a June religious holiday and the preceding
weekend were all significant risk factors for contracting Q fever. C. burnetii DNA was detected using polymerase
chain reaction on samples from the school dining roem’s air conditioning system, supporting contribution of the
air conditioning system to the aerosol transmission of the infectious agent.

" Conclusions. We report a large outbreak of Q fever in an urban schoo}, possibly transmitted through an air
conditioning system. A high level of suspicion for C. burnetii infection should be maintained when investigating

point source outbreaks of influenza-like disease, especially outside the influenza season.

Q fever is a worldwide-distributed bacterial zoonosis
caused by Coxiella burnetii, The most common reser-
voirs are domesticated ruminants, but other mammals,
birds, and arthropods are also naturally infected [1, 2].
C. burnetii is often excreted in milk, urine, and feces
of infected animals and is present in high numbers
within the amniotic fluid and the placenta during par-
turition [2]. Viable bacterium may be present in the
soil for months or years, and inhalation of contami-
nated aerosols is the major mode of transmission |2,
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3]. In humans, acute infection may present as a self-
limited influenza-like iliness, hepatitis, and/or atypical
pneumoenia [4, 51. About 60% of infections may be
asymptomatic [4], especially among female persons [4,
6] and children aged <15 years [7].

Most reports of Q fever outbreaks are from rural
areas and are associated directly or indirectly with farms
or farm animals [2, 3]. Nevertheless, urban outbreaks
have been described after exposure to slaughterhouses
[8, 9], animal research laboratories [10], parturient cats
[11], contaminated straw [12], and following wind-
borne spread of C. burnetii from farmlands [13]. In
some urban cutbreaks, the source of the infection was
never determined [14, 15], .

In Israel during 1998-2004, the average annual in-
cidence of Q fever was 0.6 cases 100,000 persons {20—
70 cases per year) {Israel Ministry of Health, personal
communication). Only a few outbreaks were reported,
with the majority occurring in rural or adjacent areas
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following outbreaks of Q fever in livestock, and all were rela-
tively limited in scale [15-17].

We report a very large urban outbreak of G fever in a board-
ing high school in lsrael. This cutbreak is unique in its mag-
nitude and setting, because there was no preximity to Livestock
or their products,

METHODS

Epidemiologic investigation. On 28 June 2005, 2 reports of
a possible outbreak of febrile illness in a religious boarding kigh
school in the center of the largest urban area in Israel were
received at the Tel Aviv District Health Department. Initial
investigation identified a large outbreak of influenza-like illness
which started 2 weeks earlier, had already peaked, and was later
confirmed to be due to acute C. burnetii infection.

We conducted a case-contral study to identify risk factors
for contracting Q fever. All school students and employees were
asked to fill out a short questionnaire, including demographic
characteristics, medical history, school boarding history, in-
school dining habits, and contact with pets at school. Those
who reported being ill during the previous 2 manths were asked
to specify the date of onset of illness, duration, symptoms and
signs, and use of health services. All students and employees
were referred for Q fever testing. In several cases, primary prac-
titioners were contacted for additional information. Regional
and reference laboratories were queried about additional @
fever cases from the school surroundings during the same
time period.

Human serolagic testing, Serum samples were tested for
antibodies to C. burnetii with use of several laboratory methods.
Indirect immunofluorescent assays were performed at the Is-
racli Reference Laboratory for Rickettsial Diseases in Ness-
Ziopa [18]. Complement fixation tests were performed by the
Tel Aviv Medical Center’s Clinical Virology Unit with use of
the standard complement fixation microtiter method (Lennette
‘and Schmidt) {19). Qualitative enzyme immunoassays were
performed by Clalit Health Services community laboratories
with use of the PANBIO Q fever DIP-S-TICKS test. Quanti-
tative tests were performed in various laboratories in western
Europe.

Case definitions.
with symptoms compatible with Q fever, with iliness onset from
1 June through 31 July 2005 and no other likely cause for his/
her illness.

A “confirmed case” was defined as anyone with immuno-

A “clinical case” was defined as a patient

globulin (1g) M and IgG indirect immunofluorescent assay ti-
ters =100 to phase 1l antigen, or lgG titers =800 and IgM
titers <100 in a “clinical case” that was tested at least 4 months
after illness [8, 20]. Using complement fixation test, a phase 11
titer =256 was considered to represent a confirmed case.

A “probable case” was defined as phase 1i IgMi titer =100

and IgG titer <100 by indirect immunofluorescent assay, a phase
11 titer <256 but 232 by complement fixation test, or 2 positive
or borderline laboratory result of gualitative enzyme immu-
neassay or other quantitative tests. A “possible case” was de-
fined as a “clinical case” with no serologic testing. A “non-
case” (control) was defined as negative serclogic results for Q
fever,

Environmental and veterinary inyestigation. A compre-
hensive environmental inspection of the school grounds was
conducted by environmental health inspectors, 2 veterinarian,
and an air-conditioning system specialist for a possible source
of infection. Two weeks after the last reported case, environ-
mental samples were collected from the air-conditioning sys-
tems. The samples included 8 gauze pads that were used to
swab the dining room’s and synagogue’s air-conditioning sys-
tems and 4 samples from the 2 fiberglass filters from the inlet
of the dining room's air-conditioning unit. All samples were
prepared for DNA extraction.

Serum samples of male and female feral cats trapped in the
Tel Aviv area for routine neutering by municipality veterinar-
ians were tested for Q fever by complement fixation test [21].
Samples that reacted nonspecdifically were retested by indirect im-
munofluorescent assay (C. burnetii spot 1F; BioMérieux). In
addition, endormetrial tissue proximal to the cervix was collect-
ed from each of the spayed female cats and was processed for
DNA extraction. .

DNA was extracted by use of the DNeasy DNA purification
kit {Qiagen). Polymerase chain reaction (PCR) assay was pes-
formed as described by Stein and Raoult [22].

All tests were performed in the Kimron Veterinary Institute
(Bet Dagan, lsrael). Filter samples from the dining room’s air-
conditioning system were alsa sent to the Rickettsial Zoonoses
Branch, Centers for Disease Control and Prevention.

Data analysis. Data were analyzed with Excel (Microsoft)
and SPSS, version 10 (SPSS), software. The prevalence of pos-
sible risk factors for contracting Q fever in cases (confirmed
cases with and without probable cases) and controls was com-
pared using the Fisher’s exact test. Odds ratio (ORs) and 95%
confidence intervals {§5% C1) were calculated. All significant
risk factors were tested for colinearity.

RESULTS

The school setting. The school, a religious boarding high
school for boys, is located in central Tel Aviv in a densely
populated area, During June 2003, 271 students aged 14-20
years (mean age * standard deviation, 16.9 % 1.5 years) and
51 employees attended the school. Eighty-four students
boarded at the school regularly, Some of the others, who resided
in different cities in Israet, stayed over during certain weekends
and holidays. A weekend occurred on 10-11 June 2005, and
12-13 june was a special Jewish holiday {Shavuot). The em-

1434 = CID 2010:50 {1 June) * Amitaj et al

80



ployees were mainly men (84%) aged 33-92 years (mean age
+ standard deviation, 554 * 13.8 years) from various cities
in central Israel.

Qutbreak description.  Ofthe 322 individuals who attended
the school during June 2005, 187 reported being ill from 1 June
through 31 July 2005, including 179 (969%) students and 8 (4%)
employees (19 individuals were excluded from further analyses
because of lack of information). The clinical attack rate was
62% (70.5% and 16% among students and employees, respec-
tively). Attack rates were similar in different grades and ranged
between 67% and 74.5%. .

Information on date of illness onset was available for 155
(83%) individuals. The epidemic curve (Figure 1) correlates to
a point source epidemic. The earliest and the latest date of
illness onset were 15 June and 13 July, respectively. The majority
of cases reported onset during 19-26 June, Assuming an in-
cubation period of 14-21 days [1, 2], the presumed exposure
occurred around 5 June. The reported illness duration was 1—-
21 days {mean duration % standard deviation, 7 % 3 days).

The dominant clinical presentation (Table 1) was fever
{98%), headache (90%), and weakness (80%). Only 21% had
- cough, and none reported symptoms consistent with hepatitis.
One hundred forty-one individuals (79%) visited their primary
practitioner during their illness. Thirty-one individuals under-
went chest radiography examination, and 7 (426} received a
diagnosis of pneumonia, Five patients were hospitalized (2 stu-
dents and 3 employees) for pneumonia (n = 2, 1 of which was
a man aged 92 years, the oldest patient in our exposed pop-
ulation), perimyocarditis {(n = 1), perimyocarditis and pneu-
monia (n = 1}, and observation (# = 1). Duration of hospi-
talization ranged between 1-7 days. No deaths occurred. Only
3 individuals were treated with doxycycline during illness, Of
note, no additional cases of acute Q fever were diagnosed in
the neighborhoods surrounding the school during the same
time period.

Serologic results.  Results of serologic tests were available
for 164 individuals (151 [59%)] students and 13 [26.5%]) em-
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Figure 1. Epidemic curve of alt clinical cases and confirmed symptom-
atic cases. Clinical cases were defined as individuals wha reported symp-
toms compatible with Q fever with illness onset from 1 June through 3t
July, with other etiologies rufed out. Confirmed symptomatic cases in-
cluded any clinical case with positive serologic test results for Q fever.

Table 1. Symptoms of All Clinical Cases and Confirmed
Symptomatic Cases

No {%]) of cases

All clinical cases

e Tt

Confirmed cases

S A2:[23F A R3{20k
Chest pain 21 13} 13 (15}

ployeés). One hundred eight (66%) were “confirmed cases”
{103 students and 5 employees), 36 (22%) were “probable
cases” (35 students and I employee), and 20 (129%) were “non-
cases” (13 students and 7 employees). Sixty-five individuals met
the criteria for a “possible case” (63 students and 2 employees).

Eighty-six percent and 81% of the confirmed and probable
cases, respectively, were clinically ill. All of the non-cases were
asymptomatic, The incubation period and the clinical presen-
tation of the confirmed cases resembled that of all clinical cases
(Figure 1 and Table 1).

The exact attack rate could not be determined, because ev-
eryone was not tested for Q fever; therefore, we estimated a
range, The lower limit was 144/303 (47.5%), including con-
firmed and probable cases. The upper limit was 209/303 (69%),
which also included the possible cases. This was based on the
observation that all serologically tested clinical cases were either
confirmed or probable cases.

The symptomatic to asymptomatic ratio among serologically
positive individuals (85:15) is biased, because symptomatic in-
dividuals were more likely to be tested. Given that all tested
symptomatic individuals had positive results, the numerators
were more likely to be near 187 versus 116—20 (all symptomatic
individuals vs the asymptomatic minus the seronegative indi-

viduals), which translates to a ratio of 66:34 or even higher.

Risk factors. Table 2 summarizes the prevalence of several
possible risk factors in confirmed cases and controls. Being a
student (OR, 11.09; 95% CI, 3.07-40.07), boarding at school
during the June holiday (OR, 13.9; 95% CI, 4.45-43.45), and
dining regularly at the school dining room (OR, 8.57; 95% ClI,
2.05-35.79} were significantly associated with contracting Q
fever. When probable cases were included in the univariate
analysis, boarding at school during the weekend before the June
holiday was also significantly associated with Q fever infection
(OR, 3.18 95% CI, 1,09-9.22). Because all of the above sig-
nificant risks factors were statistically associated with each other,
we did not perform multiple logistic regression analysis.
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Table 2. Risk Facters for Acquiring Q fever

Factor

No {%) of persons

Cases OR {95% Ci)

Controls

RTIND

MOTE. Cl, confidence interval; OR, odds ratio.

Environmental and veterinary investigation. Numerous
stray cats were seen in the schoolyard, especially in proximity
to the kitchen and the garbage cans which were located outside
the dining room. The dining room had its own ajr-conditioning
system, with inlet that drew air from the dining room and
outlet that emitted the cooled air back to the room. The air-
conditioning ducts were located on the dining room’s roof and
could be accessed by animal secretions. One of the 4 filter
samples, as well as 1 of the 8 gauze swabs taken from the inlet
of the dining room’s air-conditioning unit, had pesitive results
for Q fever by PCR. Similar positive PCR results were obtained
by the Centers for Disease Control and Prevention on filter
samples.

Serum samples of 65 feral cats were tested for Q fever se-
rology. Nine cats (14%) had positive results; 2 {10%) of 20
were caught within a 2-km radius of the school, whereas the
other 7 (15%) of 45 were from other parts of the city. Forty
feline uterine specimens were tested by PCR, and all were found
to have negative results.

DISCUSSION

We describe a Q fever outbreak that was unusual in its mag-
nitude and place of occurrence. It represents t of the largest
outbreaks described in the literature and the largest to occur
in a densely populated urban area located far away from live-
stock farms [3]. The clinical attack rate was remarkably high
(62%), with the serological attack rate estimated to be even
higher (69%). This is a conservative estimate because asymp-
tomatic individuals, who could have been serologically positive
(if tested), were not included and the' pre-existing immunity
in this particular population was assumned to be very low (based
on research that found 14% seropositivity to Q fever among
adults residing in the Northern part of Israel, which is a more
rural area) (A.K., unpublished data). The symptomatic teo
asymptomatic ratio was estimated to be 66:34, higher than that
reported elsewhere {40:60) [1, 4].

The high attack rate and symptomatic to asymptomatic ratio
might be explained by a large inoculum of bacteria and effective

modes of transmission, The demonstration of the presence of
C. burnetii by PCR in the samples from the dining room’s air-
conditioning system supports an effective aerosol transmission.
A similar phenomenon was described in an outbreak in a cos-
metics factory where all the exposed workers were symptomatic
[23]. The high proportion of symptomatic infection can also
be attributed to the male predominance of the exposed pop-
ulation [4, 6] and to the fact that none of the students were
aged <14 years [7].

Notable is the low clinical attack rate among the school em-
ployees, compared with the students (16% vs 70.5%), which we
think is attributable to their lower exposure to the infectious
agent. An alternative explanation could be a higher pre-existing
immunity among the employees. However, even if the pre-ex-
isting immunity was 14% (A.K., unpublished data), this would
have changed the calculated clinical attack rate among employees
by 2% enly {from 16% to 18%).

The dominant clinical presentation was an influenza-like ill-
ness, and the working diagnosis of the majority of the primary
physicians was a viral infection. Seven patients (4%) received
a diagnosis of pneumonia, and none exhibited overt signs of
hepatitis. Because of the delayed notification of the Tel Aviv
District Health Department and the subsequent delay in the
laboratory confirmation of C. burnetii infection, the outbreak
investigation had little effect on the clinical management dur-
ing the acute illness. Thus, laboratory and imaging tests were
not conducted Toutinely but were rather conducted on the ba-
sis of clinical judgment, and only 3 individuals were treated
with doxycycline.

Geographic variation in the clinical presentation of Q fever
is well described [2). In a recent review of 100 hospitalized
patients with acute Q fever from Israel [24], the most common
presentation was an acute febrile illness with few physical find-
ings. Rare but severe manifestations of the disease are myo-
carditis and pericarditis, each described in ~1% of patients {1].
Two patients in the present study were hospitalized for my-
opericarditis. Thus, the clinical presentation in the present
study is consistent with that described in the Literature.
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Most reported large Q fever outbreaks have occurred in or
adjacent to rural areas as a result of direct or indirect exposure
to infected livestock, especially to parturition products, as is
the case in an outbreak in the Netherlands [25]. Urban out-
breaks have been typically linked to farm animals that were
brought to slaughterhouses [8, 9], animal research laborato-
ries [10], urban farmers’ markets [26], contaminated livestock
products [23], or windborne aerosols carried long distance from
neighboring farms engaged in outdoor lambing and calving
{13]). Some urban outbreaks have been linked to parturient
dogs [27] and cats [11, 28], and in some the source was never
determined [14, 15].

The source of infection in the present outbreak was not
clearly defined. However, the findings that being a student,
dining at the school’s dining room, and boarding during the
June holiday were significantly associated with contracting the
disease support the hypothesis that the transmission of the
infection occurred in the dining room. The positive PCR results
from the dining room’s air-conditioning system further suggest
that the air-conditioning system contributed to the aerasol
transmission of the agent, although we could not prove whether
the primary source of infection was the dining room or the
air-conditioning system. The fact that the environmental sam-
ples were taken 2 weeks after the last reported case and mainly
from the inlet of the air-conditioning system could explain why
only 2 inlet samples of 12 total samples had positive results for
C. burnetii by PCR. No new cases appeared a month after the
initial case (Figure 1), and no other cases were diagnosed in
the vicinity of the school, pointing to a limited exposure, both
in time and space. _

The air-conditioning system could have been contaminated
by the numerous stray cats seen in the schoolyard. We were
unable to demonstrate that cats from the school vicinity were
more likely to be seropositive for Q fever than cats from dif-
ferent areas of the city. Nevertheless, the cat sampling showed
that C. burnetii is endemic in feral cats in the school’s sur-
roundings. To our knowledge, ne similar surveys were previ-
ously conducted among cats in Tel Aviv. ]

The magnitude of the present outbreak is impressive, given
the yearly incidence of Q fever in lsrael (0.6 cases 100,000
persons) and in comparison with other outbreaks described in
nonrural areas. 1t demonstrates that C. burnetii can be effec-
tively transmitted to a large number of people through a com-
MON eXposure,

This outbreak raises the issue of underdiagnasis of Q fever,
especially when a primary practitioner treats a sporadic case
that manifests as an influenza-like jllness. In our study, the
working diagnosis of the majority of the physicians was a viral
infection. This also implies that there could be a delay in out-
break investigations with implications on the probability of
revealing their sources. A high index of suspicion is required

when dealing with a relatively prolonged febrile disease, even
with no history of exposure to farm animals. A cluster of febrile
patients, especially if occurring outside the influenza season,
should rajse the possibility of Q fever, and rapid investigation
into the etiology and source of infection should be made by
public health authorities.
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Background. Trypanosoma cruzi oral transmission is possible through food contamination by vector's feces.
Little is known about the epidemiology and clinical features of microepidemics of orally acquired acute Chagas
disease (CD).

Methods, A case-control, cohort-nested, epidemiological study was conducted during an outbreak of acute
CD that affected a school community. Structured interviews were designed to identify symptoms and sources of
infection. Elecirocardiograms were obtained for all patients. Specific serum antibodies were assessed by immu-
noenzimatic and indirect hemagglutination tests. In some cases, parasitemia was tested directly or by culture,
animal inoculation, and/or a polymerase chain reaction technique.

Results. Infection was confirmed in 103 of 1000 exposed individuals. Of those infected, 75% were symptomatic,
20.3% required hospitalization, 59% showed ECG abnormalities, parasitemia was documented in 44, and 1 child
died. Clinical features differed from those seen in vectorial transmnission. The infection rate waes significantly higher
among younger children. An epidemiological investigation incriminated contaminated fresh guava juice as the sole
source of infection,

Conclusions. This outbreak was unique, because it affected a large, urban, predominantly young, middle-class,
otherwise healthy population and resulted in an unprecedented public health emergency. Rapid diagnosis and
treatment avoided higher lethality. Food-borne transmission of T. cruzi may occur more often than is currently
recognized.

The burden of illness associated with Chagas disease
(CD) remains the second highest among all of the en-
demic tropical diseases in Latin America and results in
an annual loss of >2 million disability-associated life
years {DALYs) {1, 2]. Although Chile, Uruguay, and
Brazil have been certified as free of vectorial transmis-
sion by domiciliary Triatoma infestans {11, eradication

appears to be an impossible task because of the com-
plexity of the zoonotic life cycle of its causative agent,
Trypanosoma cruzi. In addition to vectorial transmis-
sion, other secondary mechanisms of infection include
congenital, transfusional, organ transplantation-re-
lated, and oral transmission. A sparse number of out-
breaks of orally acquired human CD have been reported
from Brazil [3-7], Argentina {8}, and Colombia [9].
Venezuela has a successful CD vector control pro-
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gram that is based on the improvement of rural housing
and vector control {10, 11]. However, epidemiological
data suggest a reemergence of the infection [12-14]. At
the capital, Caracas, which is a densely populated cos-
mopolitan city surrounded by mountains covered by
tropical forests, the local sylvatic triatomine vector, Pan-
strongylus geniculatus, has been recorded since 1920
[15); it was reported inside the houses in 1986 [16]
and captured in the wild or within households show-
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ing a high rate (76.1%) of 1. cruzi infection [17]. However,
vectorial transmission has not been reported in this city.

The current study describes the largest known outbreak of
orally acquired CD to date in the American continent, which
involved numerous children and personnel from an urban
school in Caracas.

METHODS

On 6 December 2007, trypomastigotes of T. cruzi were detected
on peripheral blood smears from a 9-year-old student (index
case), who was admitted to the Hospital Universitario de Ca-

racas (Caracas, Venezuela) with a 3-week history of fever of

unknown origin (FUQ). Twenty persons from the patient’s
school were hospitalized with similar symptoms and were later

found to have circulating trypomastigotes and/for serological

test results positive for CD. The municipal health authorities
were contacted at once, and they reported an unexpected si-
multaneous sharp increase in medical consultations and ab-
senteeism among school personnel from 30 October through
25 November 2007.

The center involved (Unidad Educacional “Andrés Bello”)
is located in the Municipatity of Chacao, in the eastern part of
Caracas, with predominantly middle-class inhabitants, All of
the food and beverages consumed by the students and person-
nel were supplied by the same caterer that supplied other mu-
nicipal schools, with the exception of breakfast, which was pre-
pared under unsupervised sanitary conditions, located in a
distant slum on the western mountain slopes of the city. A
multidisciplinary task force was summoned to analyze the ep-
idemiological situation with the aim of controlling the outbreak
[18]. A case-control, cohort-nested, epidemiological outbreak
study was designed to assess the extent of the outbreak and to
identify possible sources of infection. Cases were classified as
“suspected” or “confirmed” in accordance with a consensus
document prepared by the interdisciplinary group, based on
World Health Organization recommendations [19]. A sus-
pected case patient was any person with an epidemiological
link to the institution involved from 10 October through 1
November 2007 who developed FUO of >5 days duration and
other clinical manifestations. A confirmed case patient was any
suspected case patient or asymptomatic person with the epi-
demiological link whe, in addition, exhibited blood parasites
or specific anti-T, cruzi antibodies by -2 different serological
techniques: enzyme-linked immunosorbent assay (ELISA) and
indirect hemaglutination (IH) or ELISA and Western blot {WB)
tests.

The study population consisted of all students, teachers,
workers from the school, external persons involved with the
preparaticn or transportation of food consumed in the school,
and any person considered to be a "school contact” potentially
atrisk. Blood samples for diagnosis were initially collected from

-

11 December through 14 December 2007, as an emergency
intervention, with the aim of identifying infected persons and
immediately starting antiparasitic treatment of any individual
affected by a severe, potentially lethal, acute illness in the con-
text of a large outbreak that occurred at a critical time of the
year (3 days before a prolonged Christmas and new year va-
cation). During a second sampling that was performed 6 weeks
later, 21 January through 25 January 2008, all participants un-
dertook a detailed clinical and epidemiological questionnaire
on CD risk factors (eg, exposure to vectors, transfusions, in-

fected relatives, contact with animal reservoirs, and ingestion

of food and/or beverages in the ‘school). Case patients were
compared with control subjects from the same cohort of ex-
posed individuals.

The study was performed under the supervision of the Eth-
ical Committee of the Tropical Medicine Institute. Informed
written consent was obtained from each participant or from
their legal guardians. '

For the first 43 symptomatic patients, fresh and Giemsa-
stained peripheral blood smears were reviewed for trypomas-
tigotes. In addition, 2 mL of blood were cultured in biphasic
medium and checked periodically over at least 3 months. Mice
were inoculated intraperiteneally with 300 pl of blood and
examined each week [19]. '

All serum samples were screened for immunoglobulin G
{1gG) and immunoglobukin M (IgM} antibodies against a crude
extract of T. cruzi epimastigotes [20] with use of an ELISA
developed in house [21] and an IH test [22]. The immuno-
diagnosis of CD was based on the positivity of at least 2 specific
serological tests [19]. Those samples with ELISA results positive
for 1gG and negative 1H results were also tested with WB tests
[23].

A representative number of 150 blood samples were ran-
domly evaluated by a polymerase chain reaction (PCR). For
the DNA extraction, 5 mL of blood was mixed with ar equal
volume of 6M guanidine HCl /0.2M EDTA (GE) [24]. The
amplification reactions were targeted to the 330-base pair mini-
circle fragment of the T. cruzi kinetoplastid DNA [25].

Conventional 12-lead electrocardiogram (ECG) recordings
were obtained from confirmed or suspected case patients and
treated with either benznidazole (Rochagan; Roche Laborato-
ties) at a dasage of 6 mg/kg/day for 60 days ar nifurtimox
(Lampit; Bayer Laboratories) at a dosage of 8 mg/kg/day for
90 days (19, 26]. o

The dependent variable or main outcome was based on se-
rological status. Epidemiological exposure was evaluated using
x* or the Student’s rtest depending on the binary or continuous
independent distribution of the variable. Only variables sig-
nificantly associated in the univariate regression were included
in the multivariate regression, using P< .05 as the entry criteria.
The relationship between risk factors and final outcome (T
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Figure 1. Study profile and major outcomes of the epidemiological investigation of the outbreak of acute Chagas_disease, Caracas, Venezuela, 2007.
*Parasitemia investigation by direct techniques. **Parasitemia, Western blot, and polymerase chain reaction tests performed on a more (imited group
of exposed individuals {see Methods). ELISA, enzyme-linked immunosorbent assay; lgB, immunogiobulin G; IH, indirect hemaglutination; 7 cruzi

Trypanosoma cruzi,

cruzi infection) was estimated by means of the paired odds
ratio (OR), with 95% confidence intervals (Cls). Stata, version
6.0 for Windows (Stata), was used as the basic statistical soft-
ware for all calculations.

RESULTS

Figure 1 depicts the general cutline of the study. Because the
outhreak occurred in a well-off urban area of the city with no
current vectorial transmission, a food-bome mechanism was
presumed to be the cause. Date of exposure was estimated to
occur between 10 October and 25 Qctober 2007, based on
previous reports of orally acquired infections with documented
incubation periods of 5-20 days [5).

The demographic charactenistics of the entire exposed pop-

ulation (n = 1000) are shown in table 1. No statistically sig-
nificant differences were found in the attack rates among the
sexes. Although, as a whole, age was not associated with the
main outcome, a more meticulous revision of age distribution
of those infected revealed a bimodal distribution curve, with a
reverse trend, in which the OR for CD decreased with age for
children but increased with age for adults. As depicted in Tables
1 and 2, significantly different attack rates were observed among
students and teachers in relation to their school attendance
{morning vs afternoon shifts; 65 cases [17.9%] among 363
subjects vs 10 cases [2.6%] among 385 subjects; OR, 3.19 {95%
Cl, 2.1-4.8; P<.001). The difference between the attack rate
among students of the morning shift (22.5%) and the atrack
ate among children of the afternoon shifi (2.4%) was statis-
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Table 1. Demographic Characteristics and Rates of Infection of
1000 Individuals Exposed to infection at a Public School Com-
munity of Caracas, Venezuela, Affected by a Large Qutbreak of
QOrally Acquired Acute Chagas Disease in December 2007

No. (%] of exposed individuals
{n = 1000)

Study population

Variabie Infected subjects

Afternoon

tically significant (P<.05). Although the absolute number of
infected children was higher (77 of 103 infected subjects), the
maximum infection rate (15.2%) was observed among the
school employees. One of the 16 workers who were involved
directly in the preparation or transportation of luncheons
showed evidence of acute T. cruzi infection, with serological
test results positive for specific IgM and IgG (Table 1).

A significant positive correlation was found between inges-
tion of guava juice and risk of infection (OR, 3.5 [95% CI,
1.85-6.7]) (Table 2}. The epidemiological interviews revealed
that, except for the guava juice, all other beverages were made
in the early morning. The guava fruits, in contrast, were boiled
the night before and left to cool inside a large uncovered pot
before blending in the morning. Once in the school, the juice
was delivered 1o the morning shifi, first to school personnel,
then to kindergarten students, and then to students in ascend-
ing grades. Some personnel and students of the afternoon shift
customarily consumed any remaining juice.

Of those infected, 75% were symptomatic, 20.3% required
hospitalization, and a 5-year-old child died of acute chagasic
myocarditis. Most patients reported fever that lasted >7 days,
abdominal pain, headache, dry cough, and myalgia; to a lesser
degree, they reported diarrhea, facial edema, malaise, arthral-
gias, dyspnea, and tachycardia (Table 3). In the univarate re-
gression analysis, the following symptormns showed a significant
association with 2 higher risk of serologically confirmed infec-
tion: fever, arthralgias, skin lesions (rash, erythema nodosum,
or facial edema), and cardiovascular abnormalities. However,
on the multivariate analysis, only fever and cardiovascular ab-
normalities showed statistical significance.

In 61 (59%) of the 103 confirmed cases, =1 abnormality
was noticed on the ECG recordings. T wave abnormalities were
significantly more commeon among patients =18 years of age,
whereas supraventricular arrhythmias and microvoltages were
predominant among adults (Table 4), who more frequently
developed severe clinical cardiological manifestations that re-
quired hospitalization. '

Among 1000 persons evaluated, 103 individuals had anti-T,
cruzi JgG antibodies by ELISA, and 90 (87.3%) were also IgM
positive. The specific IH test was concordant in 99 {(96.1%) of
103 individuals, whereas the remaining 4 individuals had pos-
itive WB results.

Because of logistic constraints, parasitemia could be assessed
in only 43 patients by parasitological methods. Of these, 13
(30.29) had positive fresh-stained blood smear results, in vitro
culture, or mice inoculation.

. Sixteen individuals with ELISA results positive for anti-T.
cruzi 1gG antibodies but negative IH resuits nevertheless re-
ceived a full course of antiparasitic treatment. During follow-
up, they became 1gG seronegative while remaining persistently
negative according to both IH and WB results. Five such pa-
tients developed clinical signs, as well as ECG abnormalities.
Because these patients did not fulfill World Health Organiza-
tion criteria for the CD diagnosis, they were considered to have
undefined cases {Figure 1).

Samples of 150 persons were randomly chosen to be tested
by specific PCR targeted at the T. cruzi kinetoplastid DNA. The
reaction was positive in 35 (79.5%) of 44 serologically con-
firmed cases. All 106 seronegative individuals tested were also
negative by PCR. A collateral survey performed at the site where
the incriminated juice was processed revealed the presence of
infected P. gemiculatus and domestic rats.

As part of an ongoing cooperative study with the Instituto
Lépez Neyra in Granada, Spain, 3 parasite isolates obtained
from patients, as well as from 1 infected triatomine captured
at the juice preparation site, were typed using T. cruzi ribosom-
al and mini-exon gene markers. Preliminary results 1evealed a
great genetic homogeneity, with all of the isolates belonging to
the T. cruzi 1 lineage. Furthermore, homology analysis of the
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Table 2. Univariate and Muitivarizte Logistic Regression Analysis of Risk Factors As-
sociated with Trypanosoma crezi Transmission during an Outbreak of Orally Acquired

Chagas Disease, Garacas, Venezuela, 2007

Univariate analysis

Multivariate analysis

Variable

QR (95% (1)

P OR {85% Ci) P

STy

Pineapple juica

0.72 (0.4-1.9)

NOTE. Cl, confidence interval; OR, odds ratio.

sequence of an amplified polymorphic mini-exon from T, cru-
zi RNA confirmed that all parasite isolates from the patients
were identical, which was consistent with a common source
of infection.

DISCUSSION

Thanks to a coordinated program in the Southern Cone coun-
tries, the transmission of CD has been successfully interrupted
in Uruguay and Chile, as well as in at least 8 of the 12 states
of Brazil in which CD is endemic {19, 27]. However, the per-

sistence of numerous sylvatic foci and the wide distribution of
vectors and reservoirs, together with a progressive reduction in
the availability of the vector’s natural source of blood (birds
and mammals) in intervened forested areas, is driving originatly
wild triatomines 1o invade human dwellings {28, 29]. Once
.domiciliation has occurred, P, geniculatus may feed abundantly
on domestic reservoirs, as well as on humans. As part of their
nocturnal activity, vectors circulate widely inside the house and
can thereby eventually contaminate unprotected food and bev-
erages with their feces. There is also the possibility of trans-

Table 3. Univariate and Multivariate Logistic Regression Analysis According to Symptoms and Seralogical Test,
Resutts for 1000 Individuals Exposed during an Guthreak of Orally Transmitted Acute Chagas Disease in Caracas,

Venezuela, 2007
Serological tast
resuits Univariate analysis Multivariate analysis
No. {%} Percant '
of subjects positive/percent
{n = 1000}

Symptom negative

OR (95% Ci OR {95% Ch

Cardigvascular
Gasirointes

Respiratory -
Lispecific:

{8.0:711

NOTE. Cl, confidence interval, OR, odds ratic.
2 By x* analysis.
& Rash, erytherma nodosum, and facizl edema.
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Tabte 4. Basal Electrocardiogram (ECG} Abnormalities by Age Group for 61 Infected Pa-
tients from an Outhreak of Orally Acquired Acute Chagas Disease in Caracas, Venezuela,

2007
Ags groun
‘=18 Years >18 Years
ECG abnormality {n=13)

{n = 48]

Total P®

ST.abrormality:
T abnormality
§

AV black

® Yates correctad x* analysis.

mission by food contamination with urine or anal secretions
of infected marsupials [30].

The genetic homogeneity and lack of significant genetic in-
tralineage polymorphism observed in all of the isolates thus far
typed from the current outbreak is consistent with a common
source of infection. Moreover, the confirmation of an acute
infection in the woman responsible for the preparation of the
juice lends further support to evidence that indicates short-
term exposure, as do the logistic regression analysis results,
which incriminated the guava juice as the possible source of
contamination. We therefore postulate that, during the night,
infected triatomines might have contaminated the unprotected
pot where the guava juice was left before being blended in the
early morning. Once the juice arrived at the school, it was first
served to the teachers and afterwards served to the students,
progressing from the lower to the higher grades of the morning
shift. Any remaining juice was later shared by the teachers and
students of the afternoon shift. This sequence of events could
explain the relatively high attack rate observed among school
personal {15.2%) and the significant decrease in the attack rate
among students in the ninth grade (5.1%), compared with that
among kindergarten students (23.1%). The significant differ-
ence in the attack rates found between students of the morning
(22.5%) and afternoon shifts (2.4%) suggests that the concen-
tration of the inoculum may have been different for both
groups, perhaps reflecting a steady decrease in the survival of
infecting metacyclic trypomastigotes [31].

Orally transmitted CD episodés have been described previ-
ously, all of which have been reported in South America [3-
9, 32-34]. Distinctive epidemiological features included a lower
number of infected persons (37 cases being the maximum num-
ber reported in any outbreak); relatively high lethality (up 10
35.2%, with an average rate of 7.1%); a preponderance of cases
occurring among adults; and occurrence in remote rural areas
or in urban communities where fruits obtained from areas of

endemicity, such as agai (Euterpe oleracea), piassava (Leopol-
dinea piagaba), and sugar. cane, were consumed. The present
outbreak is unique in that it affected a large, predominantly
young, healthy urban population and was associated with high
rates of parasitemia and morbidity but a very low mortality
rate ((.97%). The latter probably relates to prompt diagnaosis
and treatment. It is the first time that contaminated guava juice
has been incriminated as the source of infection. Moreover,
this represents a genuine urban oral CD outbreak, because the
T. cruzi strain that was involved in the outbreak originated from
an inner-city household, where peridomestic triatomines and
rodent reservoirs allowed the maintenance of transmission.

One crucial problem was the overwhelming amount of clin-
ical cases that required diagnostic confirmation. Serological
testing with the ELISA was very useful for this purpose, and
the assessment of both IgG and IgM anti-T. cruzi antibodies
for all members of the exposed population enabled us to dem-
onstrate the infection in the early phase. The concurrent onset
of symptoms in most cases and the fact that specific IgM an-
tibodies were demonstrated in a high percentage of cases
(87.3%) further suggests that exposure to the infecting inoc-
ulum was recent [35) and singular or short-lived.

Of the 103 individuals in whom T. cruzi parasitemia was
determined by parasitological methods and/or PCR, 44 (40.7%)
had positive test results. This is probably one of the highest
rates of parasitemia ever documented in any orally transmitted
CD outbreak.

Although 75% of the infected individuals were symptomatic,
the predominant clinical manifestations observed (fever, head-
ache, and myalgias) are all highly unspecific. Indeed, dengue,
mononucleosis, hepatitis, and intoxications were among the
causes contemplated initially. Clinical findings such as facial
edema, gingivitis, and dry cough are probably the consequence
of the penetration of the parasite throughout the oral cavity,
lips or pharyngeal mucosa. These latter manifestations, along
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with other unexpected findings, such as erythema nodosum,
anasarca, and lower limbs edema, are not described in vectorial
' transmission and even in prior reports of orally-acquired CD.
They may be related to the host's immune inflammatory re-
sponse conditioned by the genetics of each individual or by a
hlgh parasite load [36]. On the other hand, .the findings of
acute myocarditis were observed in an unusually high propor-
tion (59%) of confirmed cases.

‘The diagnosis of acute CD requires a high index of suspicion
by the clinician, especially when patients are seen away from
the traditional areas of endemicity. In countries in which CD
occurs, this condition must be considered in the differential
diagnosis of FUO, because food-borne acute CD may occur
more often than is currently recognized.

" Progressive environmental changes that affect the ethology
and ecology of potential T. cruzi reservoirs and vectors, together
with an increase in human populations surrounded by inter-
vened forests, have favored the urbanization and domiciliation
of the cycle maintained by B geniculatus, thus affecting the
poor populations of the misery belts around most Latin Amer-
ican cities and middle-class populations, under the concept of
the “edge-mediated effects” [37]. This new situation imposes
necessary changes in the strategy of CD control programs,
which until now have been limited to vector control activities
in rural Latin American communities in areas of endemicity.
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Belgian man dies of South Asian superbug, hospital reports 1/1 Rt

BENESIS 2010-017

Belgian man dies of South Asian superbug, hospital
reports

AGENCE FRANCE-PRESSE AUGUST 14, 2010

A Belgian man died from a drug-resistant so-called superbug originating in South Asia, a doctor said
Friday, the first reported death from the new health threat. '

A second Belgian was infected after being hospitalized after an accident during a trip to his native
Montenegro, but recovered following treatment in Belgium, another expert said.

The first victim was infected while being treated in a hospital in Pakistan and died in June, Denis
Pierard, a microbiologist from AZ VUB hospital in Brussels where the man had been treated, told
Belgian media.

"He was involved in a car accident during a trip to Pakistan. He was hospitalized with a major leg injury
and then repatriated to Belgium, but he was already infected,” the doctor said.

Despite being administered colistin, a powerfuf antibiotic, the patient died, Pierard said.

He was infected by a bacteria that carried the newly identified gene New Delhi metallolactamase-1
{NDM-1) that makes ordinary bacteria such as E. coli resistant {o antibiotics. It was first identified last
year in a Swedish patient admitted to hospital in india. ‘

Scientists fear the gene could easily migrate to other bacteria, making them antibiotic-resistant,

"The epicentre of the presence of this bacteria seems to be India and Pakistan, but it appears through
contact and travel, its spread is becoming wider,"” said Youri Glupczynski from the University of Leuven.

British medical journal The Lancet reported this week that bacteria containing the NDM-1 gene had
been found in 37 Britons who had received medical treatment in South Asia, and three cases have
been reported in Australia. There have been two cases in Canada, one of them in B.C.

© Copyright (c) The Vancouver Sun
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Emergence of a new antibiotic resistance mechanism in India,
Pakistan, and the UK: a molecular, biological, and epidemiological
study
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S_um_mary_

Background

Gram-negative Enterobacteriaceae with resistance to carbapenem conferred by New Delhi metallo-B-lactamqse 1 (NDM-1) are
potentially a major globat health problem. We investigated the prevalence of NDM-1, in multidrug-resistant Enterobacteriaceae
in India, Pakistan, and the UK.

Methods
Enterobacteriaceae isolates were studied from two maior centres in India—Chennai (south Indial. Harvana (north Indial\—and

http://www.thelancet.com/journals/laninf/article/PIS1473-3099(1 0)70913—2/abstract ' 2010/08/31
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Emergence of a new antibiotic resistance mechaﬁism in India, Pakistan, and the UK: a molecular, biological, and epidemiological stud.. 2/2 X—,

those referred to the UK's national reference laboratory. Antibiotic susceptibilities were assessed, and the presence of the
carbapenem resistance gene blaypy.¢ was established by PCR. Isolates were typed by pulsed-field gel electrophoresis of Xbal-
restricted genomic DNA. Plasmids were analysed by S1 nuclease digestion and PCR typing. Case data for UK patients were
reviewed for evidence of travel and recent admission to hospitals in India or Pakistan.

Findings
We identified 44 isolates with NDM-1 in Chennai, 26 in Haryana, 37 in the UK, and 73 in other sites in india and Pakistan. NDM-1

was mostly found among Escherichia coli {36) and Klebsiella pneumoniae {111), which were highly resistant to all antibiotics
except to tigecycline and colistin. K pneumoniae isolates from Haryana were clonal but NDM-1 producers from the UK and
Chennai were clonally diverse. Most isolates carried the NDM-1 gene on plasmids: those from UK and Chennai were readily
transferable whereas those from Haryana were not conjugative. Many of the UK NDM-1 positive patients had travelled to India or

Pakistan within the past year, or had links with these countries.

Interpretation
The potential of NDM-1 to be a worldwide public health problem is great, and co-ordinated international surveillance is needed.

Funding-
European Union, Wellcome Trust, and Wyeth.
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Intraduction

Newly emerging and reemerging diseases have hecome a major
focus of infectious diseasé research in the 21" century, Reemerging
diseases are classified as those that have been previously
documented, but are now rapidly increasing in incidence,
geographic range, or hoth [1]. Emerging disease events have
been occurring at higher than average rates in the United States
due 10 several factors such as wildlife diversity, environmental
change, international wavel, and increases in hast suscepuibility
[2,3}. An additional factor contrilmting to increases in morbidity
and mortality for many infectious diseases inveolves genetic
recombination events or gene/pathogenicity idand acquisitions.
These events can occur via either harizontal gene wansfer or
conjugation/introgression, leading to novel pathogenic genotypes.
This form of virulence evolution has been well characrerized in
bacterial, viral, fungal, and paraside human diseases [4,5,6,7,8,9].
The ability 1o cause damage to mammalian hosts is a common
theme among all iicrobial pathogens, making it a key aspect of
host-pathogen studies [10].

.@. PLoS Pathogens | www.plospathogens.org

In the genomic era, it is now possible to combine conventional
epidemiclogical approaches with newly developed molecular
typing techniques to gain insight into the emergence and
molecular epidemiology of pathogens, These approaches can
improve understanding of populadon dynamics during an
outbreak, and may lead to novel methods for the rapid
idenufication, weamment, and diagnosis of emerging infections
[11]. In addidon, molecular typing serves as an initial approach to
classify isolates into distinct genotypes for analysis. Further
investigations may include the examinadon of virulence and
phenotypic traits that may be common or distnet between
genotypes [6,12,13]. Gaining insights into the molecular epidemi-
ology and virulence of newly emerging diseases has considerable
potentdal for the rapid assessment and management of newly
emerging infections.

Over the past decade, Coyococews gaftd has emerged as a
primary pathogen in northwestern North America, including both
Canada and the United States [6,13,14,15,16,17,18]. In the past,
C. gattsi has often been associated with Fucalppiur trees in tropical
and subtropical dimates, causing disease in Immunocompetent

April 2010 | Volume 6 | Issue 4 | e1000850
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hosts at low incidences [19,20,21). €. patti is distinct from its
sibling species Cpplococcus negformany [22], which more commonly
infects imwnmnosuppressed hosts and infects almost one million
people annually with over 620,000 atwibuwmble mortalides
[23,24,25]. C. gaitii can be classified inte four discrete molecular
types {(VGI-VGIV), which represent crypric species as no nuclear
allelic exchange benveen groups has been observed [6]. This
molecular classification is significant because VGII is responsible
for approximately 95% of the Pacific Northwest infections in
Canada and the United States [12,15]. The appearance of C. gatesi
in North America is alarming because this is the first major
emergence in a temperate climate, indicating a possible expansion
"in the endemic ecology of this pathogen [26,27].

Several significant questions persist regarding the outbreak and
its expansion within the United States. As the global callection of
C. gattii isolates expands, the molecular epidemiolagy of the species
has become increasingly informative, particularly through muld-
locus sequence typing (MLST), which allows data o be readily
campared between groups within the research communiry
[6,15,28,29,30]. The increase in global and regional isolates that
have been typed at the molecular level allows detailed analysis of
C. gattii, The analysis of both conserved coding regions, and
diverse noncoding regions provides insight into the genorypes
responsible for the outhreak. A major finding in this smdy is a level
of underlying diversity within the VGIIa/major genotype in the
region of expansion and other geographic locales,

Prior studies documented that the € gawdi VGlla/imajor

" genotype isolates from Vancouver Island are highly virulent in
experimental murine infection assays [6]. Here we expanded this
analyss to examine clinical VGIla génotype isolates from
Vancouver Island, the United States, and Brazil, in addition to
an environmental VGIIa isolate from California. Qur findings are
consistent with recent macrophage intracellular proliferation
studies, demaonstrating that United States isolates from the recent
Pacific NW outbreak exhibic high virulence [31]. The enhanced
virulence of isolates from the outhbreak region, when compared
with those from other regions, suggests that the genotypes
circulating in the Pacific NW are inherendy increased in their
predilection to cause disease in 1pamimalian hosts.

In addidon to the detafled examinadon of the VGIla/major

genotype clade, we report that the novel VGIIe genotype is highly

@ PLoS Pathogens | www.plospathogens.org
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virulent in a murine inhalaton model. Moreover, the VGIIc
genotype was found to have high intracellular proliferation rates in
macrophages and a significantly increased percentage of mnito-
chondria with tuhular morphalogy after macrophage exposure,
and thus VGIIc isolates share virulence attributes with the VGIIa/
major genotype isolates from the Vancouver Island outhreak.
These results extend the molecular and phenatypic understanding
of the recently discovered VGIIc/novel genotype and help shed
light into its possible geographic and malecular origins,

These studies provide insights into both the evolutionary history
and virulence characteristics of this unique and incréasingly fatal
fungal outbreak in the temperate climate of the North American
Pacific Northwest and highlight the importance of a collaborative
interdisciplinary approach to the analysis of emerging pathogens.
Application of these approaches may increase awareness of disease
risks in the expansion zone, lead to more rapid diagnoses and, asa
result, accelerate the implementation of appropriate therapy.

Materials and Methods

Isolate |dentification
Human and veterinary cases of confirmed or suspected C. gatti
infecdons in the states of Washington and Oregon were identified

" by referring physicians and veterinarians, and subsequently

isolates were purified and examined. Melanin producton was
assayed by growth and dark pigmentation on Staily’s niger seed
medium, and urease activity was detected by growth and alkaline
pH change on Christensen’s agar. These tests established that
isolates were Cryucoeces (C. reoformany or €. gati), Isolates were
concomitantly examined for resistance to canavanine and
utilization of glycine on L-canavanine, glycine, 2-bromothymol
blue (CGYB) agar, Growth on CGB agar indicates that isolates are
canavanine resistant, and able to use glycine as a sole carbon
source, triggering a'bromathymol blue color reaction indicative of
C. gatiti, whereas C. neyformans is sensitive 10 canavanine, and
cannot use glycine as a sole carbon source, resulting in no growth
or coloradon in this selective indicator medium, All CGEB pasitive
isolates were then grown under rich culture conditions prior
storage at —80°C in 25% glycerol and genomic DNA exwactdon,
For genomic DNA isolaton, a maodified prowacol of the
MasterPure Yeast DNA purification kit from Epicentre Biotech-
nologies was used, Briefly, 500 pl of glass beads (425-600 nm}
were added into the combinadon of cells and 300 pl cell lysis
solution. The rest of the method followed the protacol provided by
the manufacturer.

Molecular Epidemiclogy

For muldlocus sequence typing analysis (MLST) [32], each
isolate was analyzed with a2 minimum of eight and in some cases
sixteen loci. For each isolate, genomic regions were YCR ampiified
(Table $1), purified (ExoSAP-IT), and sequenced. All primers used
for the analysis were designed specifically to amplify open reading
frame (ORF) gene sequence regions including those with non-
coding DNA regions to maximize discriminatory power. Sequences
fromn both forward and reverse swands were assembled, and
manually edited wsing Sequencher version 4.8 {Gene Codes
Corporatians). Based on BLAST analysis of the GenBank dambase
(NCBI), each allele was assigned a comesponding number.
GenBank accession numbers with corresponding allele numbers
are listed in the supplementary informaton (Table 82). To
detenmine that the nine VGIIc/novel isolates are clonally related,
given the level of diversity in the loci and the number of isolares that
have been examined, we applied an equation to measure the
probahility of a genatype occurring more than once in the dataset
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[33,34]. For the variable number of tandem repeat (VINTR)
analysis, the Tandem Repear Yinder (TRT) version 4.00 software
package was employed for marker development, using the genomic
sequence of C. gaisii isolate R265 (hup://www.broadinstimune.org/
annotadon/genoine/cryprococcus_neoformans_b,2/Home. huml)
[35]. The idendfied tandem repeat sequences and 400 bp of the
flanking region were exwracted from the genomic sequence and
ranked according to the number of total repeats and the size of
repeat anits using an in-house Pexl script (available upon request).
Markers were examined for stability and those with high variability
and stability were chosen for the analysis, Sequences were
assernbled and edited using Sequencher version 4.8 (Gene Codes
Corporations) and aligned using the Clustal W web based software
package {hup://www.ebiac.uk/Tools/clustalw2 /index.humi).

Mating Conditions :

Mating analysis was conducted on V8 media (pH 5). Isolates
were incubated ar room temperature in the dark for 2—4 weeks in
dry conditons. All strains were crossed with the VGIII matng
type a isolate B4546 and the VGIII mating type o isolate NIH312,
hoth of which are fertile and commonly used for mating studies
[36). Fertility was assessed by nicroscopic examination for
hyphae, fused clamp cells, basidia, and basidiospore formation.

Clustering and Haplotype Analyses

For each VNTR marker, a sequence type was defined as a
sequence exhibiting a unique mutadon. Each sequence type was
canfirmed to be unicue lyy BLAST analysis of the NCBI GenBank
database [37]. A concatenated VINTR sequence type (CVST) was
defined as unique combinations of sequence types from the VNTR
markers. A muldple alignment of the sequences was carried out
using Clustal W software [38]. Analysis of the sequences was
conducted using the Neighbor-Joining and Maximum Parsimony
methods within the MEGA 3.1 software [39]. In addition, the use
of the maximum likelihood method (PhyML 3.0) with SH-like
approximate likelihood-rado test and HKY85 substimition model
was applied [40,41]. For this purpose, sequences of the selected
VINTR markers were concatenated. We additdonally concarenated
all of the strain-typing markers including the housekeeping genes
used in MLST and VNTR loci for cusiering analysis. The
haplotype mapping analysis was carried out using TCS software
version 1.2] (htp://darwin,uvigo.es/sofoware/tes homl) [42].

Intracellular Proliferation Rate (IPR) Determination

A profiferation assay was previously developed 1o monitor the
intracellular proliferation rate (IPR) of individual strains for a 64
hour period following phagocytosis [31]. For this assay, J774
macrophage cells were exposed to cryptococcal cells that were
apsonized with 1887 andbody for 2 hr as described previously
[43]. Each well was washed with phosphate-buffered saline (PBS}
in quadruplicate to remove as many extracellular yeast cells as
passible and 1 ml of fresh serum-free DMEM was then added. For
dime point T=0, the ] ml of DMEM was discarded and 200 pl of
sterile dHyQ) was added into wells to lyse macrophage cells, Afier
30 minutes, the intracellular yeast were released and collected.
Another 200 1! dH,O was added to each well to collect the
remaining yeast cells. The intracellular yeast were then mixed with
Trypan Blue at a 1:1 ratio and the live yeast cells were counted.
For the subsequent five time points (T=16 hrs, T=24 hrs,
T=40 hrs, T=48 hrs and T'=64 hrs), intracellular cryprococcal
cells were collected and independenty counted with a hemacy-
tometer, For each strain tested, the time course was repeated at
least three independent dmes, using differemt batches of macro-
phages. The IPR value was calculated by dividing the maximum
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inracellular yeast number by the initial inoracellular yeast number
at T=0. We confirmed that Trypan Blue stains 100% of the
cryptococeal cells in a heatkilled enlnire, but only approximately
5% of cells from a standard overnight culture. Compared to a
conventional colony counting method, this method was shown to
be more sensidve in deecting the clustered yeast population or
yeast cells undergoing budding, IPR values were used to assess
how congstent the different VGII genotype subgroups were, For
this statistical analysis the medians of each populaton were
compared with the non-parametcic Mann-Whimey U-test and

values, of p<c0.023, after controlling for muldplicity, and were

accepied as stadsdeally significant (hop://elegans.swmed.edu/
~leon/stats/utest.cgi).

Mitochondrial Merphology

The mitachondrial morphology assays. were conducted in a
shmilar way to those in previous studies, with modificadons [31]. C.
gatiii cells, grown overnight at 37°C in DMEM in a 5% CO,
incubator without shaking for 24 hr, or isolated from macrophages
24 hr afier infecdon, were harvested, washed with PBS twice and
re-suspended in PBS containing the Mito-Tracker Red CMXRos
(Inviwogen) at a final concenwation of 20 nM. Cells were
incubated for 15 min at 37°C. After staining, cells were washed

. in wiplicate and re-suspended in FBS. For each condition, more

than 100 yeast cells per replicate for each of the tested strains were
chesen randomly and analyzed, For quantfying different mito-
chondrial morphologies, images were collected using a Zeiss
Axiovert 135 TV microscope with a 100X oil immersion Plan-
Neolluar objective. Both fluorescence images and phase contrast
images were collected simultancously, Images were captured with
idendcal settings on a Qlcan Fast 1394 camera using the
QCapture Pro3l wversion 5.1.1 software, All Images were
processed identically in Image] and mitochondrial morphologies
were analyzed and counted blindly.

Three individual experiments were performed for each
condition and the data were tested for normality using the
Shapiro-Wilk test, For homogeneity of variances we used the
Levene smatstie, For statistically significant differences among the
mean data we applied a One-Way ANOVA. Muld-comparisons
using Tukey Honestly Significant Differences tests were perforined
to identfy statistcally significant differences berween pairs. A p-
value of p<<0.05, afier controlling for multiplicity, was considered
te be statstically significant. Regression analysis was used to
easure the correlation between tubular mitochondrial marphol-
ogy and IPR valuef; an F-value of P<<0).05 was considered to be 2
significant correlation.

Murine Virulence Tests and Histopathology

To examine the virulence potential of globat VGII isolates, with a
specific emphasis on the Pacific NW VGII outhreak genotypes, two
independent murine virulence experiments were conducted at two
facilides (Duke Univenity Medical Center and the Wadsworth
Center). The murine virulence assays at Duke University' Medical
Center and the Wadsworth Center used a similar prowcol o
previous C. gattii and C. negformans experimental infections [6,44,45].

At the Duke University Medical Center Animal Facility,
virulence was assessed using female A/Jer mice (NCI, 18-24 g).
Smains were cultured in YPD broth for 18-20h at 30°C,
harvested, washed three times with sterile PBS and counted using
a hemocytometer to determine cell concentrations. Inocula for
hoth murine experiments were confirmed by platng on YPD and
counting colony-forming units (c.fu.). Nine to ten A/Jer mice per
strain were anesthetized with pemtobarbital and infected via
intranasal instilladon with 5x10% c.fa. in 50 pl of sterile 1x PBS,
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Animals that displayed severe morbidity, based on twice-daily
examinations, were euthanized. Time to mortality was evaluated
for statstical significance using Kaplan-Meier survival curves
within the Prism software package (GraphPad Software), and P
values were obtained from a log-rank test. Survival data was
plotted for graphical analysis using the Prism software package,

At the Wadsworth center animal facility, all assays were
conducted using male BALB/c mice {(approximately 6 weeks old,
15-20 g, Charles River Laboratories, Inc,), Strains were grown
overnight in YD broth at 30°C with shaking. The cells were
harvested, washed in PBS, and counted using a hemocytometer,
Five mice per strain were anesthetized with a imixwre of xylazine—
ketamine, and allowed to jnhale 10° (30 pl) cryptococcal cells per
mouse, via intranasal instilladon, Mice were given food and water
ad libitum and monitored twice daily. At the first sign of poor health
or discomfort, infected animals were euthanized. Brain and lung
tissues from the dead animals were cultured on Niger seed agar for
C. pattii recovery to confimm infections were due to this pathogen.
Time to mortality was evaluated for stadstical significance as
described above.

Two animals from each strain assayed in the swudy conducted at
Duke University were selected for histopathology analysis either at
the time of sacrifice or at the conclusion of the experiment for the
more attenuated isolates. For each animal, lung samples were
collected and stored in 10% neutral buffered formalin, Samples
were paraffin embedded and hematoxylin and eosin (HI&E) stained
at the Duke University Research Histology Lahoratory. After
staining and slide preparadon, each sample was examined
microscopically for analysis of cryptococcal cell burden and
immune responses. Images were caprured using an Olympus
Vanox microscope (Duke PhotoPath, Duke University Medical
Center).

Ethics Statement

The animnal stwdies conducted at the Wadsworth Center were in

full compliance with all of the guidelines set forth by the
Wadsworth Center Institutional Animal Care and Use Commitiee
{IACUQ) and in full compliance with the United States Animal
Welfare Act (Public Law 98-198). The Wadsworth Center
IACUG approved all of the vertebrate studies. The studies were
conducted in facilities accredited Ly the Assaciadon for Assessment
and Accreditation of Laboratory Animal Care (AAATAC).

The animal studies at Duke University Medical Center were in
full compliance with all of the guidelines of the Duke University
Medical Center Instrutdonal Animal Care and Use Committee
(IACUQC) and in full compliance with the United States Animal
Welfare Act (Public Law 98-198). The Duke University Medical
Center IACUCGC approved all of the vertebrate studies. The studies
were conducted in Division of Laboratory Animal Resources
(DLAR) facilides that are accredited by the Associaton for
Assessment and  Accreditadon of Laboratory Animal Care
(ANALAC).

Results

Molecular Analysis of C. gattii VGII Outbreak vs. Global
Isolates

To examine the . gattii outbreak isolates collected from 2005 to
2009 (Figure 1), an in-depth stepwise molecular analysis was
applied to each isolate, and the genotypes were compared with
other global genotypes. In total, 20 markers were selected for
analysis. These markers include both coding and noncoding
genomic regions and range in size and allelie diversity (Table 1),
Additionally, all of the markers are randomly distributed among
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the chromosomes in the most recent assembly of the reference C.
gaitii VGI genome, WM276 (Figure 2). Initally, afl isolates were
sequenced at a total of eight MLST imarkers, and four variable
number of tandem repeats (VINTR) markers (Figure 3, Table 2).
Next, global isolates were selected for diversity, and several isolates
from each of the primary genotypes in the expansion region were
chosen for sequence analysis at eight additonal MLST loci,
bringing the ol number of genetic markers analyzed for these
isolates to 20 (Figure 4A). As expected, the MIST markers were
less variable and more conserved, while the VINTR markers
allowed for higher-resolution differentiation between isolates that
appeared identcal by MLST analysis. The generated datasets
were then concatenated both without and with VINER data
(Figure 4B, Figure 4C).

The combined analysis of the results presented here, and a 30
marker MLST analysis conducted previously [6,18], reveal several
findings of interest in relatdon to VGII genotypes in the region.
From the analysis of 34 markers (30 MLST/4 VNTR), we show
that the Vancouver Island VGIla/majar isolates are fully identical
at all Joci to several recent isolates from Washingron and Qregon, as
well as a historical clinical isolate (1970's), NIH444, from Seattle.
Additionally, the VGID/minor isolates from Australia and
Vancouver Island are identical at 34 total loci, and also identical
to VGIM/minor isolates from Oregon ar 20 loci (16 MLST/4
VNTR). Furthermore, all VGIIc olates to date are identical across
all 20 loci examined (Figure 4A). However, we also are able to
discriminate the outbreak VGila genotype from an envirenmental
VGIIa isolate from California, CBS7750, and clinical VGIla
isolates CAl014 and ICB107 from California and Brazil,
respectively, at one or mare MLST/VNTR lod. It is clear from
prior smdies that the VGIla/major and VGITb/minor isolares are
clonal lineages [6,12,15,46], and here we confirmed that this s the
case for the nine VGlle/novel isolates, based on 7-loci MLST
analysis of the global VGII population (Figure $1} (p<<0.0001).

The largest and most comprehensive dataser arose from the
combined analysis of seven MLST and four VNTR lod, resulting
in 2 total of 41 sequence types (8Ts). This dataset was generated
fromm clinical, veterinary, and envirommental (. ga#tz isolates
{Figure 3, Figure §1, Table §3). From the analysis, it is clear that
the VGIla/b/¢ clusters are all related to each ather, but also
distinet. In addition, the data show that the VGIIa/major clade is
closely clustered to VGllc, further validadng prior repors that
examined a more limited number of loci [13,47]. In addidon,
VGIlc (8T21) shares high sequence identity to ST34, represented
by a mating type a clinical isolate from Colombia, suggesting that
the VGIic genotype may have resulted from a-o mating, even
though all isolates related to the Pacific NW outbreak are
exclusively o mating type. Addidonally, Vanconver Island isolates
from our collection that had not heen fully typed by MLST were
sequenced at two loci to determine if any were unrecogmized
VGllc isolates (n=56) {Figure §2). Of these, 51 were found to he
VGlla, five were VGID, and none were VGle, consistent with
previous data from the region. Thus, VGIlc appears 1o remain
exclusive ro the United States, specifically Oregon, and has never
been reporied from Vancouver Island, the mainland of Canada,
Washingion State, or elsewhere glohally,

Within the VGIIa/major cluster, based on the inidal MLST
analysis of 30 loci, only a single isolate (ICB107) could be
distingnished from the other VGIa isolates, and this was at only
one locus [18]. To further investigate this homogeneous
populadon causing the vast majority of the outbreak-relared
morbidity and mortality, we expanded the molecular analysis to
include highly variable regions of the genome. The application of
these VNTR markers, in combination with the MLST markers,
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Figure 1, Geographic dispersal of pathogenic C gaitii genotypes in the United States. Circles represent human cases and squares
represent animal (non-human mammalian) cases. All cases shown have been reported from 2005 to 2009. Isolates are color coded by genotype, in
which yellow and blue comrespond to VGlla/major genotype cases (yellow ST1, blue ST30), red coresponds to VGIlb/minor, green corresponds to the
novel VGlic genotype, and orange corresponds to two cases determined to be molecular type VGIIL, In total, there were 39 cases (18 human, 21

animal) that have been confirmed by phenotypic and genotypic profiling.

doi:10.1371/joumal ppat.1000850,9001

allowed us to generate five independent STs from within the
VGIla/major genotype and related solates (Figure 3).

These five sequence types (ST1, ST2, ST3, STi3, ST30)
contained a woral of 44 isolates (Figure 3, Table $3). The canonical
VGlIla/major outbreak genotype, ST1, conwmined the vaw
majority of the 44 isolates {n = 38). As expected based on previous
maodels of the C. gatii outhreak expansion [13], ST1 consisted of
isolates exclusively from the inidal outhreak and expansion zones,
including British Colurmhia, Washington, and Oregon (Table $3).
These results further validate the hypothess that the epicenter of
the outbreak was on Vancouver Island, beginning in the late
199(s, with a direct expansion into neighboring mainland British
Colnmlnia and subsequenty into the United States [13]. The only
exception in this dataset is isolate NIH444, an older isolate from
the region that was isolated from a padent sputum sample in
Seattle in the early 1970°s [18], which is also identcal at all 34
markers examined. This suggests that the VGIIa/major genotype
responsible for most of the outhreak cases may have heen
circulating in the region prior ta the outhreak, The passible travel
history of this patient & unknown, and cauld therefore have
involved exposure on Vancouver Istand. Overall, this analysis
provides increased evidence that the outhreak genotype is wnique
to the region thus far, and molecularly distinet from closely related
isolates from both California and South America,
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While the homogeneous namre of the VGIla/major isolates
hased on rabust molecular typing validated previous models, an
underlying diversity within this group was also discovered. First, we
further validated thart the isolate ICB107 (ST138), from Brazil, was
indeed distinet from the ST1 VGIla/major clade. This isolate
differs at one MLST marker (LACH, and three VINTR imarkers
(VNTR3, VNTRI13, VNTR34), Additjonally, the high-resolution
sequence analysis was able to discriminate other V(GIla isolates that
were collected from California. These include isolate CBS7750
(ST3), collected from the envirenment in San Francisco in 1980
[48], and isolate CA1014 (ST2), which was isclated from a patient
with HIV infection in southern California. Each of these two iolates
diffiers from ST1 due to unique mutadons within the VNTR7 and
VINTR34 lodi, respectively. This shows that similar VGIIa genotype
isolares have been found elsewhere, but that none are identical o
those circulating as part of the angoing Vancouver Island outhreak,
Whesher these isolates are a result of drift from ST1, or if ST arose
from one of these related genotypes s not known.

In addidon to discriminating VGIla isolates that were not from
the outbreak region, we also found a nowvel ST, ST30, which is
highly similar 1o 8TI, but divergent at a unique region of
VNTR34. Interestungly, all three of the ST30 isolates are
exclusively from Oregon, incuding two human clinical cases
and one marine maminal case (Figure I, Figure 3, Table 83),
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Table 1, Markers used in this study.

Marker

Length (bp) Chromosome {(WM276) Alleles

s
sxiza

* 5Xi2a is an idiamorphic 2llele, and therefare not present In the o mating type
Isolate WM276,
doi;10.1371/fournal.ppat. 1000850.1001

These results are consistent with an éxpansion followed by genetic
drift in the highly variable VNTR leci. Isolates of ST30 have not
been detecred on Vancouver Island, indicating that this divergence
is recent, and likely occurred afier the expansion of STT into the
United States. Alternatively, both $T1 (VGIIa/major) and ST30
may have been present for a long period, with only ST1 having
been transferred to Vancouver Island.
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Figure 2, Markers used in the study are dispersed in the '

genome. A map of each chromosome is represented, illustrating the
locations of each marker based on the genomic sequence of the C
gattii isolate WM276, MLST markers (n= 16) are indicated on the map by
hexagons, with pink denoting the standard set used, blue the expanded
set of lodi, and red the MAT linked locus that is spedific to « isolates.
Green triangles represent the four VIR loci that were examined.
doi:10.1371/jounal.ppat.1000850.4002
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To gain insights into the potendal origins of the VGIIc
genotype, and to assess its position within the overall VGII dade,
clustering analysis was applied. Analysis of the combined dataset
including 41 sequence types generated from 115 €. ga#tii isolates
shows that the VGIkc genotype is independent, but similar to
VGIIa (Figure 3). The closest relationship determined from the
analysis was to 8T34, an isolate from Colombia, which is also of
the opposite a mating type. Moving beyond the direct branch, it
appears that the VGlic genotype shares sequence similarides wo
global isolates from South America, Africa, and also European
isolates with likely African origins hased an collected dinical case
histories. Additonally, the VGIIc group also shares the JGS! aliele
with isolates from Australia, further obscuring the possible origins.
and necessitating a more thorough analysis (Figure 4A).

When the clustering analysis was expanded to include
additional MLST loci (Figure 4A), both with and without the
VNTR markers, the relationships of VGl to ather global
genotypes was further elucidated, with close relationships observed
with global isolates from South Aunerica, Africa, Eurape (Greece),
and Australia (Figure 4B, Figure 4C, Table $4). These resules
increase the comprehensiveness of the analysis, and allow
predictions of the relatonship of this genotype to global isolates,
Examination of alieles illustrates that, when the analysis is
expanded, the VGIIc group appears ta be more diverse from
VGIla and VGIIb, Each allele represented in green was inidally
denoted as an allele that was unique to the VGIIc genotype, with a
total of seven such alleles (Figure 4A). To further elucidate the
possible origing of these alleles, isolates selecred based on their
global diversity were sequenced at these loc (Figure 4A). Identical
matches for four of the seven VGIIc-unique alleles were identified
in isolates from Brazil, Ausiralia, Europe, and European isolates
with likely African origins, while three alleles (SXffa, HOGI, and
CRGI) remain unique to this novel genotype and only seen in
Oregon thus far (Figure 4A).

To further characterize the genetic relatonships among the
global isolates in reladon to the outbreak isolates, maximum
likelihood (ML) analysis was applied. Inidally, the isolates were
characterized at 15 MLST loci, excluding the MAT locus so that
hoth & and a isolates could be included. This analysis indicates
that VGIIc may be more distandy related to the VGIla/major
genotype than inidally observed, In addidon, analysis of the 15
MLST loci shows a possible relation of VGIIc with isolates from
South Awnerica, Africa, Europe, and Australia (Figure 48). When
this analysis was expanded to also include the four VINTR loci,
similar results for the global comparisons of all genotypes and the
relation of VGIIe to global isolates were observed (Figure 4C). For
these reasons, addidonal sampling and analysis will be necessary o
more precisely elucidate if this novel virulent genotype originated
locally, or originated in an under-sampled region.

In addition to clustering analyses, TCS haplotype-mapping
software was applied to establish the evolutionary histories of the
MILST. alleles examined during the analysis (Figure 5, Figure G,
Figure §3) Fram the sequence results, all of the VGIIc isolates

. were detennined to be 100% identical, indicating that there was

likely 2 recent emergence in which all of the isolates are clonally
derived. To test this hypothesis, the TCS analysis allowed for the
examination of individual loci to determine which alleles are likely
ancestral, intenmediate, or recemly derived. Of the sixteen loci
examined, eight were consistent with VGIIe possessing the
ancestral allele, six of the alleles were distal nodes at the werminal
end of the respective haplotype networks, and two loci were of
intermediate allele positions.

Alleles with ancestral genotypes are less informative because
these alleles may not have diversified over time in the VGIle

April 2010 | Volume 6 | Issue 4 | 1000850

107



. VGlia super cluster

VGlte super cluster

Beazil P 5118

AdvicafLikely 514

Affican ———— 15

w8
sT13.
5712
sTie
-§¥22

576

C gottii US Emergence

NT Austiafia

5732

pITEE
s 128
5T2R
5725
5T
5726
G G\\“
N
JOM~
\aie,tﬂ‘-"‘)sw'

Figure 3. Clustering analysis of global VGII isolates shows high global diversity. This dendrogram, based on seven MLST loci and four
VNTR loci, illustrates the global divergence seen in this molecular type. Major clusters are highlighted accordingly to iflustrate the placements of the
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illustrate the diversity sumounding several sequence types, lsolates from the VG, VG, and VGIV molecular types serve as out-group sequence types,

doi:10.1371/joumal.ppat.1000850.9003

lineage for various reasons, including selection pressures and
overall lack of diversity at the allele. When only non-ancesoral
alleles were examnined, 75% lay at the distal ends of their haplotype
maps, Inwiguingly, the three VGIIe alleles unigue ta the genotype
(SXIa, HOGI, and CRG!) all have distal placements (Figure 5A~
C). Additionally, the most recent ancestor 1o VGIIc in all three
cases can e shown to derive from kolates that are from South
America and Australia, indicating that VGlIe may have emerged
out of ane of these regions (Figure 5). While other regions
including Europe and North America can be seen, no other
regions are observed for all three of these alleles, These distal
placements are consistent with a recent divergence of the unique
VGlle lineage. The haplotype analysis, in combinadon with the
lack of any underlying diversity within the nine VGlle isolates
analyzed, ‘indicares a recent emergence of this novel virulent
genotype in Oregon,

To examine the role that recombination may have played in the
populaton structure of the VGIH molecular type, we conducted
paired allele analysis for 25 representative global isolates (Figure G,
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Figure $4). The discavery of all four passible allele combinations
between two unlinked loci {AB, ab, Ab, aB) serves as evidence for
likely recombination [49]. From this analysis, we show thar isolates
collected from South America, Africa, and Auswalia appear 1o be
involved in recombination events. Representative VGIIa/major,
VGIb/minor, and VGllc/novel isolates were found among
groups of recombinant isolates. A group of ten isolates, all o, from
South America and Africa {(Figure 54} appeared most commenly
as recombinant partners, although several a mating type sofates
were also less frequently involved. In further support, when we
examined the number of genotypes present hy region and
compared this data to the total nuwber of genotypes represented
{Figure S1), &t is clear that South America and Alfrica populations
are maore diverse when compared with isolates fromm North
America, which are mare clonal, Addidonally, while the ohwerved
diversity in Australia was lower than South America and Africa,
this may be attributable to sampling bias of clonal regions as prior
studies have shown that this contdnent is a region with high levels
of recombinadon due 10 both same-sex and opposite-sex mating
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Table 2. Isolates collected from cases within the United
States, 2005-2009 (n=40).

Isolate Host Resldence Molecular Type*

Te7707 3
Wi5209

. Washingian, ¢
Washington

n me e
T

L Vlafmelor
VGlla/major ,

VGllc/novel
Vaiidpovel
VGlle/novel

L

MMC0B-896
pBs

Oregon
' Washington:‘::_ R

MMC0B-897 Oregon VGII

* The Molecular type designation is based on B-loci MLST analysis.
doi:10.1371/journal ppat.1000850.1002

events [50]. In addition to the paired allele analysis, aliele
diagrams were constructed to observe possible recombination
within individual MLST loci (Figure 85). The maost parsimonious
explanation for“allelic diversity in 11 of the MLST laci analyzed is
as a result of consecutive and/or independent mutations within the
population. Within the four remaining loci, there exists at least one
hybrid allele that may be the resalt of a recombination event
henveen two hypothesized parental alleles in the global VGII

@ PLoS Pathogens | www.plospathogens.org
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populaten (Table 3, Figure $5). Phenotypic mating results were
conducted and illustrate that the VGIla/major (&), VGIIc/novel
(@), VGII matng type a genotypes, as well as several of the
proposed parental contributors from the allelic and genotypic
recombination analysis show fertility with the production of spores
when mated with fertile VGII isolates (Table §5). Taken together,
this suggests that both o-o and a-o0 mating events may be
contributing to the formation of recombinant genotypes as well as
the producdon of infectious spores. There were no examples of

* alleles introgressed into VGII from VGI, VGIII, or VGIV, in

accord with findings that the four VG molecular types likely
represent cryptic species [6,29]. In smrinary, these results suggest
that recombination events may be critical driving forces in the
evoludon of C. gottz VGII diversity, which may in part contribute
to the generation of genotypes displaying increased virulence.

VGlic/novel and VGlia/major Outbreak lsolates Are
Hypervirulent

It has recenty been shown that intracellular proliferation rate
(IPR) values for cryptococcal cells within macrophages are
positively correlated with virulence in the murine maodel for
cryptacoccosis [31]. To further elucidate the potendal virulence of
onthreak’ isolates collected from the United States, praliferation
rates of selected isolates were tested and compared to other isolates
for which proliferation data had been previously obrained. In total,
IPR values for eight of the nine VGIlc isolates were measured
(Figure 7A). In addition, the type serains for VGIIa/major {(R265)
and VGIIb/minor (R272) were included as controls, and
previously published data for other VGIla and VGIIb isolates
were included for comparisons [31], On the hasis of individual
strains, seven of the eight VGIIc/novel isolates showed high IFR
levels, with only a single outlier (EJB52) that had a low IPR value
(0.97). Taken tagether, the median IFR value for VGlle is
significandy closer to that of VGlla/major than o VGIb/minor
(Figure 7A). These results indicate that the VGIle genorype has a
similar intracellular phenotype, and thus virulence profile to the
VGIla/major genotype. This is noteworthy because previous
analysis showed that the VGIIa/major genotype isolates from the
outbreak had unusvally high IPR values, and the VGllc isolares
from the same outbreak are here shown to have similarly high IPR
values.

Ancther unique feature of the outhreak VGIla/major isolates is
the ability to forin highly mbular mitochondria after intracellular
parasitism, a characteristic that correlates with both IPR and
murine virulence [31]. To explore the morphaology of VGlle
isolates, we examined selected isalates in DMEM media and afer
exposure to macrophages, This analysis included two VGII
environmental isolates (CBSBG84, CBS7750) and four of the
VGlic/novel isolates, As expected, the vast majority of the
mitochondria for all six isalates were non-tubular after exposure to
DMEM 1nedia alone (Figure 7B). However, after exposure 1o
macrophages, three of the four VGIic isolates tested showed
significanty higher percentages of tubutar morphology (Figure 7C).
The lone VGIlc isolate rthat did not exhibit this morphology
{ETB52) was the same isolate that also had a low IPR value, and is
thus an overall outlier for the VGIIc genotype.

‘When the results of TPR versus percentage of cells exhibidng
tubular morphology were plotted, the graph showed a statisdcally
significant correlation of the two measures with an R? value of
0.85 (Figure 7). These results further indicate that the VGllc
genotype is phenotypically similar to the Vancouver Island
VGIla/major outbreak strains. Qur results also suppart evidence
for similar mechanisins regulating the increased virulence seen in
the novel VGllc genotype. The exact roles that the mitochondrial
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Figure 4. Expanded molecular analysis reveals increased divergence in VGlle. A) Multilocus sequence typing analysis of 16 lod, Selected
isolates from the outbreak in addition to global genotypes were selected for the expanded MLST analysis, including all nine of the VGllc isolates
available, Each unique allele is colored for each marker for visual discrimination, and each number represents a GenBank aceession number (Table 52).
B} A representation (ML} of the sequence data from panel A, with the exclusion of MAT locus linked markers {SXITo/5Xi2a). C) A combination of the
sequence data from panel B, with the addition of the four highly variable VNTR markers.

doiz10.1371/journal ppat.1000850.9004

rubular morphology might play in virutence are not yet known,
However, the distinct phenotype is clearly unique to the outhreak
isolates and is correlated with an increased ability 1o grow and
divide within host innate iimnune cells,

The VGlc isolates were found to be highly virulent in the
muring inhalation model of infection. Two studies were conducted
to examine virnlence. In the first murine experiment a total of six
isolates (n=5 animals/isolate), were examined including two
VGIc isolates (Figure 8A). The VGIIa/major isolate R265 served
as a positive control for high virulence, based on prior studies [5),
and the VGII¢ isolates EJB15 and EJB18 showed simnilar virulence
with this well characterized virulent isolate, Additionally, two
VGIla isolates that are not hypothesized w0 be from the current
Vancouver Idand autbreak, .including NIH444, which is fully
identical across 34 markers, and isolate CAl014, which diflers
from R265 at VNTR34, show a significant reductdon in virulence
compared 10 the high virulence isolates (P<00.03). Finally, in
accordance with previous smdies, the VGII/minor type strain
R272 from Vancouver Island was avirulent'in this model,

The analysis of virulence within the VGII genotype was
extended in a second experiment, in which 12 isolates (n=9-10

@ PL0S Pathogens | www.plospathagens.arg

animals/isolate} were examined. This study included two VGIIa/
major isolates from the outbreak zone, two VGIIb/minor isolates
from the outbreak zone, five of the novel VGllc isclates, rwo
VGIla-related isolates that are not part of the outbreak, and the C.
negformansy var, grubdi type sorain, F99, The H99 isolate used (H99S)
has een shown to e highly virulent in the murine model of
infecdon [44,51).

As expected, all five of the VGIIc olates from Oregon as well
as the VGIIa/major isolates fromn Vancouver Island and Qregon,
and the highly virulent 99 isolate exhibited a high level of
virulence (median survival = 20.6 days). The VGINy/minor isolates
tested were significantly decreased in virulence compared to the
more virulent VGIla and VIle genotypes (P<<0.005). The VGIIh
isolate R272 was avirulent whereas the VGIIb isolate EJB53 from
Oregon exhibited significandy less virulence compared to the
VGIla/major and VGllc isolates (P<0.003, median survival =46
days). Similar to the first animal study, rwo VGIia solares thax
differ at one or more molecular markers from the major VGIla
outbreak genotypes were also tested. The environmental isolate
CBS7750 and a clinical isclate from South America ICB107 were
significantly antenvared (P<0.005) (Figure 8B). These results
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Figure 5. Haplotype networks define allele ancestry. Aflele placements are indicated numerically, with the VGlla/major genotype also
represented by blue coloration, the VGIlb/minor genotype by purple coloration, and the VGlic/novel genotype by green coloration, Large dircles
represent alleles extant in the population, and the small circles represent alleles that have not been recovered, or which may ne longer be extant in
the poputation. Each connecting line represents one postulated evolutionary event, with the squared allele representing the posited ancestral allele
{two possible ancestra! alleles depicted for SXfTx). A-C) Haplotype networks of the unique VGlic alleles, SXITe, HOG1, and CRGI, respectively, with

geographic otigins indicated. L.
doir10.1371/joumal.ppat. 1000850.9005

provide further evidence that these are related to but distinguish-
able from isolates that are specific to the Vancouver Island
outhreak, and subsequent United States expansion, and are
decreased in ability to mount fatal infections in 4 mouse intranasal
instillation model of infection. '

'@ PLoS Pathogens | www.plospathogens.org

The cause 6f infecton was further evaluated by hisiopatholog-
ical analysis of lung sections recovered from two infected animals
per isolate at sacrifice. Harvested organs were processed and
sectioned for slides with H&E staining, The lungs from the virulent
isolates showed significant inflammation and numerous crypto-
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caccal cells dispersed throughout the alveoli, in accordance with
severe pulmonary infecton. Qur findings show that there are no
major clinical differences between pulmonary infectons with the
infectious genotypes VGIla/major (Figure 8C}), and the novel
VGTc genotype (Figure 8D). These results further support similar
disease progression caused by these two highly virulent outbreak

genotypes.
Discussicn

The findings presented here document that the outbreak of C.
gaitd in Western North America is continuing to expand
throughout this temperate region, and that the outhreak isolates
in the United States of both the VGIIa/major genorype and the
novel VGIIc genatype are donally derived and highly virulent in
hast models of infecdon, These condusions are based on an
extensive molecular anatysis of isolates collected from the United
States (Table 2} and a comprehensive global coliecdon of VGII
isolates of diverse geographic origin (Figure §1), examining both
conserved and divergent regions of the genome. The virulence

analysis is based on amays in hoth murine derived macrophages |

@ PlLoS Pathogens | www.plospathogens.org

1

and mice. These findings demonstrate that this emerging and fatal
outbreak is continuing to expand, and that the viralence of these
isolates is unusually high when compared to isolates of dosely
related but distinguishable genotypes found in other nen-outhreak
regions. ’
The continued expansion of C. gotti in"the United States is
ongoing, and the diversity of hosts increasing. Cases have been
ohserved in urban and rural areas, and have occurred in a range of
mammals [16,52]. On’ Vancouver Island and the mainland of
Brigsh Coluimbia, -cases have been documented in marine and
terrestrial maminals including cats, dogs, porpoeises, ferrets, and
llamas [15,52,53]. This trend has continued in the United States,
with several cases in agrarian, domeste, and wild terrestrial
mammals, as well as marine mammals, adding elk, alpacas, and
sheep to the aforementioned list (Table 81) [13,14,17). The co-
expansion of the outbreak among mammals and humans is
significant for several reasons, Non-migratory mammals serve as
sentinels for disease expansion, particularly given that kolation of
C. gathi from the environment it difficult, and not yet succesfl
all in Oregon. Addidonally, the threat to agricultural and domestic
animals is significant and thus the need for cooperation among

April 2010 | Volume 6 | Issue 4 | e1000850

112



C. gattii US Emergence

-

Tahte 3. Proposed recombinant alleles and hypothesized parental contributors.

Hypothesized Hypothesized
recombinant alleles  isolate/genotype Parental allefes Hypothesized parental lsolateslgenotypes'
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* Bold indicates MATa, Italics indicates fertile representative.
doi:10.1371/journal.ppat. 10G0850.1003

health officials is critical. Finally, the widespread spectrum of  Dhoth C. negformany and €. gatsi [57,58]. Studies Ly Lin and
disease Mustrates that the organism is likely 10 be pervasive in the colleagues showed that sexual spores can be produced as the result
environment, and that physicians and veterinarians should be well ~ of a meiotic process accurring hetween cells of the same marting
informed of symptoms to facilitate early diagnoses, and successful type, a process referred to as unisexual or same-sex maung (39]1.
isolate coltecton and wacking, Several studies have shown spares to be pathogenic in animal
A major guestion in the study of this outbreak is whether sexual models of infecdon. Two previous studies both showed evidence
recombination, either within or between mating types, isoccurring  for virulence of Cpplococous spores, and in one case provided
or has occurred in the region. The possibility of melosis is evidence for enhanced virulence compared to yeast cells [60,61].
important for two reasons, The first is that sexual recombination is More recently, studies have shown that Cpyptococcus negformans
postulated to be a driving force for the increased virulence of the  spores are indeed viruleat in the murine intranasal instilladon
VGIla/major genotype, supported by the discovery of a diploid ~ model of infection [44,62], providing evidence that spores should
VGlla/major isolate, an intermediate in unisexual mating (all nine ~ be considered as infectious propagules in models examining
VGllc/novel isolates are haploid) {6,36). C. gattii has also heen infections, expansion, and emergence of both . negformany and €.
shown to undergo opposite sex mating in the laboratory, although  gatifi, Given that all of the Pacific NW isolates are o mannq ype,
this has not yet been observed to accur between two isalates of the  and particles sinall enough to. be spores are present in the air
VG molecular type [36,54,55]. Studies in €. neoformans have [26,63], the most parsimonious model is that if these are spores,
shown that this related pathogen completes a full a- sexual cyde  they are produced via o-o unisexual reproduction.
in assoctation with plants [56]. Addidonally, a recent stdy of Qur findings further indicate that mitochondria may play a
environmentally sampled Australian VGI isolates demonstrated  significant role in the increased virulence seen in the outbreak
evidence for recombinatdon via both opposite and same-sex isolates [31]. Tubular morphology and the increased ability to
mating [50]. Taken together, available evidence indicates that  proliferate within imnune cells indicate that the ability to
both opposite and same-sex mating are naturally cccurring in proliferate and survive within host cells is fundamental to
populatdons, This evidence lends support to the hypothesis that  virulence. The possible role of mitochondrial involvemen: is
meiosis might be a factor in the forces that are driving high  intriguing and also increasingly relevant based on studies that have
virulence in the outhreak region. shown mitochondrial inheritance and recombinadon may impact
The secand major event that results from sexual processes in the C. gatti evoluton, with the inheritance of the mitochondrial
pathogenic Cryplococers species s the fonmation of spores. Small genome from the a mal:mg rype parent in opposite-tex mating
spores ranging from 1-2 wm in diameter have been observedtobe  [64,65]. Furure smdies in this area should address the roles that
produced in large numbers as the result of opposite sex marng in mivochondrial genes, ar nuclear genes that regulate mitochondria
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Figure 7. In vitro analyses of intracellular proliferation and mitochondrial morphology provide evidence the VGllc genotype is
hypervirulent, A) IPR rates of VGlic isolates are similar to those from the VGlla/major genotype and higher than those seen in the less-virulent
VGiIb/minor genotype, Eight VGIlc isolates were tested individually, with the overall averages for the three primary outbreak genoiypes presented. B)
Percentage of cells with tubular mitochondrial morphology in DMEM. C) Percentage of cells with tubular mitochondrial morpholegy in macrophages.
D} Linear correlation of IPR and percentage of tubular mitochondria after macrophage exposure,

doi:10.1371/joumal ppat.1000850.g007

may play in the hypervirulence ohserved in the outhreak isolates,
Furthermore, it may be that cell-cell fusion events via mating and
mitochondrial exchange without meiasis or nuclear genetic
exchange have played roles in recombination and virulence
acquisition in namrally occurring C, gathi populations [64,63].

A central queston in the field lies in the possible origins of the
virulent genotypes. For the VGIla and VGIIc lineages, it is clear
that those are unique to the Pacific NW, and either arose there
locally, or were transferved from an under-sampled region
(Auvstralia, South America, Aftica), Isolates that are related to,
but distinet at one or more molecular marker from VGIla have
been idendfied in San Francisco (CB57750), southern California
(CA1014), and South America (ICB107). However, in each of

these cases, the isolates are not identical with the VGIIa/major

isolates from the Pacific NW, Whether the outbreak isolates are
derived from these isolates, or aliernatively that these isolates are
derived from the outbreak lineage i at present unclear. In the
VGIIb/minor outhreak lineage, isolates from Auswalia are
identical ar all 30 MIST loci and four, VNTRs analyzed, and
the most parsimonious inodel i that the two are direciy related.
While it is conceivable that both the Australian and the Vancouver
Island VGIIL/minor genotype isolates were dispersed indepen-
dently from another geographic locale, until isolates are idendfied
conclasively from another lacale the most parsimonicus madel is
transfer from Australia to the Pacific NW, We note that a single

@ PLo5 Pathogens | www.plospathogens.org
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isolate with a related bue distinet genotype (isolate 99/473) from
the Caribbean has been identified; and other kolates have been
reported to share the VGIIh genotype bue have been analyzed at a
limited number of MLST markers (n=7) which is insuffictent to
establish how closely related these isolates are to the outbreak
VGII/minor genotype swrains [29]. The origins of VGIIc are
unclear, with the genotype possibly arriving in the Pacific NW
from South America, Africa, Europe, or Australia, Alternatively,
this navel unique genotype may have arisen locally.

As for the geographic origins of VGII diversity, this alse remains
10 be established and may invelve populations in Australia, South
America, and Africa, It is clear that there is considerable diversity
amang isclates from South America. As we originally propased as
an alternatve model [6], and has been independently presented by
other investigators (W, Meyer, T, Boekhout, JI' Xu, pers. comm.},
South America may represent a source of diversity and ongoing
generation of novel isolates. Analysis of 8 MLST loci in this study
indicares that in South America and the Caribbean there are 14
genotypes seen in 2) isolates, while in Nonth America only 3
genotypes have been observed through the analysis of 64 isolates
{Figure S1). Additdonally, there is accumulating evidence thar
fertle isolates of hoth a and ¢ mating type are present in South
America [29], and thus ongoing a-t opposite sex mating may be
accurring there. It i alsa clear that a unique set of VGIT isolates
are circulating in Australia, and there is evidence for angoing
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Figure 8. Isolates from the United States outbreak are hypervirulent, A} Groups of five animals were each infected with an infectious
inoculum of 1.0x10° cells of VGIla isolates R265, CA1014, or NIH444, VGlIb isolate R272, or VGlic isolates EJB15 or EJB18, B) Groups of nine or ten
animals were each infected with an infectious inoculum of 5.0x10" cells of VGlla Isolates R265, EJB51, CBS7750, or ICB107, VGIIb isolates R272 or
EJB53, Valle isclates AGMR38, EJB12, EIB14, EIB15, or EJB18, or C. neoformans var, grubii isolate H99, C-D) Representative H&E stained histopathology
slides from lung sections of severely morbid sacrificed animals from the VGlla/major (R265) (C) and VGlic {EJB18} (D) genotypes {sections from animals

in panel B of this Figure).
doi:10,1371/joumal.ppat.1000850.g008

recombination in o only and a-a populations, suggesting thar
mating contributes to the generaton of diversity in Australia
[36,49,54,55,66,67]. Fin:i]ly, the analysis of global VGII isolates
reveals genetic diversity in Africa, and given the recent findings
that (. negfonneny likely originated in sul-Saharan Africa (A,
Litvintseva and T, Mitchell, pers. Comm.), further analysis of
African C. gattii isolates Is clearly warranted.

It remains possible that South America, Africa, or both
represent the ancestral populations of €. ga##, and that more
recent dispersal events from other established populadons (for
example, from Australiz to the Pacific Northwese) have occurred to
contribute to the outhreak. As yet, all of the isolates found in the
Pacific Northwest are o mating type. Thus, if sexual repreduction
is occurring in the Pacific Northwest, it would appear to involve
same-sex madng occurring under environmental conditions.
Recent studies have documented that C. reoformans and €. gattit
are simulated o undergo opposite-sex marng in laboratory
conditions that simulate enviroinental niches (pigeon guano
medium, co-culture with plants) and thus similar conditions may
be necessary in nature [56,68]. Overall, both the VGIIa/major
and the VGIlc/novel genotypes contain a number of MLST loci
that are thus far resiricted to these lineages, and their origins
remain to be identified.

@ PLoS Pathogens | www.plospathogens.org

Independently’of the variables ledding up to and influencing this
outbreak, the major concern is and continues to be the inexorable
expansion throughout the region. From 1999 through 2603, the
cases were largely restricted to Vancouver Island. Between 2003
and 2006, the outbreak expanded into neighboring mainland
British Columbia and then into Washington and Oregon from

" . 2005 to 2009, Based on this historical trajectory of expansion, the

ontbreak may continue to expand into the neighboring region of
Northern California, and possibly further.

The rising incidence of cryptococcosis cases in humans and
animals highlichts the need for enhanced awareness in the region,
and those regions that may potentially become involved, While
rare, linde is currently known abiout how or why specific huinans
and animals become infected. Increased vigilance may decrease
the time from infecton two diagnosis, and thus lead ro maore
effective weatment and a reduction in mortality rates, The
potential dangers of travel-associated risks should be noted, as a
growing number of cases attributable to wravel within the Pacific
NW region have been dacumented [69,70]. Northern California
has similar temperate climates to endemic regions within Oregon,
leading to the hypothesis that the emergence may expand there,
while expansion eastward may be limited by winters with average
temperatures often below freezing {173.
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The expansion of the outbreak into California is plausible based
on several studies docurmenting the presence of C. gati throughout
the state and in Mexico. C. gatid molecular type VGII was
environmentally isolated in the San Francisco area in 1990 {isolate
CBS7750) [48], and there have also been two confirmed and one
travel-associated case of C. gatst molecular type VGI in California,

Of the VGI cases, one occurred in a male Atantc bottlenose

dolphin in San Diego, one was isolated from a liver transplant
recipient in San Francisco, and the other from an otherwise
healihy patent in North Carolina with travel history to the San
Francisco region [71,72,73]. In addition C. gat# has been reported
in southern California among a cohort of HIV/AIDS patients
{74]. Recenty, studies of clinical isolates from Mexico revealed all
four molecular types of C. gati to be present [75). Taken rogether,
the hypathesis that the virulent isolates from the Pacific NW will
expand into California must be considered by both physicians and
public health officials,

During the coming years, monitoring and researching the
outhreak expansion as a mulddisciplinary effort will be critical,
The ability to bring diverse groups of professionals interested in C.
gattii expansion has been gready facilitated through the forinadon
of the Cpptococeus gatti working group of the Pacific Norhwest
[17]. From a research standpoint, further examination of the
molecular mechanisims underlying the increased virulence in both
VGlIla/major and VGIIc/novel will be useful for the development
of aguressive treatments that may e needed. Furthermore,
increased efforts w determine the ecology and population
dynarnics of €. gatt in the region, and elucidatng the evalutionary
histary of the VGIIc genotype will be critical to gain further
insights into the origins of this unprecedented and frequently fatal
fungal outhbreak.

Supporting Information

Figure 81 MLST of all VGII isolates used in the study and the
four out-group isolates used in the phylogenedc analysis,

Found at: doir10.1371/journal.ppat. 10008505001 {0.07 MB PDF)

Figure 52 MILST analysis of Vancouver Island isolates at 2 foci.
These were chosen to determine if any of the isolates might have
belonged to the VGllc group.

Found au doi10.1371/journal.ppat. 1000850 002 (0.02 MB
D)

Figure 83 TGS haplotype networks for the thirteen alleles not
represented in Figure 5 of the main text.
Found at: doi:10.1371/journal, ppat.1000850.5003 (0.15 MB PDF)

Figure §4 All paired allele graphs from VGII global isolates
generated during the analysis, Isolates of both mating type a and &
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Variably Protease-Sensitive Prionopathy: A
New Sporadic Disease of the Prion Protein
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Objective: The objective of the study is to report 2 new genoiypic forms of protease-sensitive prionopathy (PSPr), a
novel prion disease described in 2008, in 11 subjects all homozygous for valine at codon 129 of the prion protein
(PrP} gene (129WV}. The 2 new PSPr forms affect individuals who are either homozygous for methionine (129MiM) or
heterozygous for methionine/valine (129MV).
Methods: Fifteen affected subjects with 129MM, 129MV, and 129VV underwent comparative evaluation’ at the
Nationai Prion Disease Pathology Surveiltance Center for clinical, histopathologic, immunchistochemical, genotypical,
and PrP characteristics.
Results: Disease duration (between 22 and 45 months) was significantly different in the 129VV and 129MV subjects.
Most other phenatypic features along with the PrP electropharetic profile were similar but distinguishable in the 3 129
genotypes. A major difference laid in the sensitivity to protease digestion of the disease-associated PrP, which was high
in 129VV but much lower, or altogether lacking, in 129MV and 129MM. This difference prompted the substitution of the
original designation with “variably protease-sensitive prionopathy” (VPSPr). None of the subjects had mutations in the
PrP gene coding region.
Interpretation: Because all 3 129 genotypes are involved, and are associated with distinguishable phenotypes, VPSPr
becomes the second sporadic prion protein disease with this feature after Creutzfeldi-Jakob disease, originally
reported in 1920. However, the characteristics of the abnormal. prion protein suggest that VPSPr is different from
typical prion diseases, and perhaps more akin to subtypes of Gerstmann-Striussler-Scheinker disease.

ANN NEURGL 2010;68:162-172

uman prion diseases are prominently heterogencous. dicazed on the common methionine (M)/valine (V) poly-
In sporadic Creurzfeldi-jakob disease (sC]JD}, the morphism atr ¢odon 129 of the prion protein (PrP)
most prevalent prion disease, heterogeneity is largely pre- gene and the disease-associated PrP (PrPP™) that are
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distinguished in types 1 and 2 based on the electropho-
retic mobility of their protease-resistant I:f:gions‘.I

However, despite this remarkable heterogeneiry, all
well-established sporadic prion discases (here operartion-
ally defined as nonacquired prion diseases free of muca-
tions in the PrP gene coding region) have beern shown to
share the same basic pathogcnetié mechanism; PrPP*
interacts with the normal or cellular PrP and coaverts it
into PrPP", (riggering an autocatalytic process that
leads to the accumulation of PrP”* and ultimately to the
clinical disease.”?

In 2008, we described 11 cases affecied by a new
disease involving PrP; we named this disease protease-

sensitive prionopathy (PSPr).> Subsequently, 2 additional -

cases of PSPr have been independenty reported.»® PSPr
differed from known sporadic prion diseases in the dlini-
cal presentation, in the histopathologic and immunohis-
tochernical features, and in the basic characteristics of the
PrPP®, Furthermore, all 11 cases had the 129VV geno-
type and no mutation in the PrP gene open reading
frame (ORF). .

We now report 15 additional cases, all of which
bear features of the PSPr as ariginally reported. However,
the new cases also include, in addition to new 120VV
subjects, individuals who are 129MV heterozygous and
129MM homozygous. Although the affected subjects
belonging to the 3 genotypes share several important
characteristics, they also display basic variations thac
allow the 3 corresponding phenotypes to be distin-
guished. Therefore, the new cases show that the disease
originally described as PSPr, like sCJD, affects all 3 129
genotypes and to some extent mimics the 129-relared
phenorypic heterogeneity of sCJD, although the PSPr
characreristics underline basic differences from sCJD and
sitnilarittes with Gerstmann-Strdussier-Scheinker  disease
(GSS), a rare phenotype, which to date has been reported
as exclusively associated with PrP’ gene mutations. In
view of the increased protease-resistance of the PrP®®
associared with the new 129 genotypes compared to rhat
of the 129VV cases, we propose to revise the original
PSPr label to VPSPr or “variably protease-sensitive prion-
opathy.” Patts of these findings have been presented

previously.*

Subjects and Methods

Subjects

A total of 15 affecred subjects, including 3 129MM, 6 129MV,
and 6 previously unreported 129VV, were examined. Thireeen
affecred subjects were referred to the National Prion Disease
Pathology Surveilfance Center (NPDPSC) (Cleveland, OH}
berween 2002 and 2010, All cases were symptomatic except |
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~ of the 129MM subjects, who died suddenly of heart problems

while participating in 2 dementia study as a negarive conerol,
underwenr autopsy, and was referred 1o the NPDPSC because
it was noted to have spongiform degeneration (SD) on hisiolog-
ical examination. One 129MM subject was received by Dr Fab-
tivie Tagfiavini’® (National Neurological Instieute, Instituro
Nazionale Newrologica Carde Besta, Milan, lrly), and 1
129MV subject was received by Dr Piero Pacchi (Department
of Neurological Sciences, University of Bologna, Dipartimento
di Scienze Neurologiche, Universita di Bologna, Bologna, ltaly).
All the subjects including chese serving as posidve control as
indicated were examined at autopsy following analyses of fixed
and frozen tissues. Consent was obrained for using tissues for
research, including genctic analyses. i

Tissue Processing

Fixed and frozen brain tissues were processed as previously
described; a different procedure was followed for the case
received from Dr Taglia.'\.'ini.a'm_Ez

Histopatholegy and Immunchistochemistry
Samples obmined from up o 18 brain regions were processed
according to previously described procedures.®!? Lesion profites
were constructed using semiguantitative evaluation of SD and
astrogliosis in 11 brain regions from 10 subjects, including the
3 129 genowypes. SO and ascrogliosis were scored (Fig 1), and
the scores from each of the brain regions were summed for
cach subject separately; values were averaged, cheir standard
deviations derermined, and they were plotted according to the
brain rcgion.s'u Vacuaoles with >4um diameter were measured
individually on random photomicrographs of fronwl neocortex
(10/subject, % 180) using Spotsoftware version 4.6 after calibra-
tion (Diagnostic lnstruments, Sreding Heighes, MI).>

Secrions from the froncal and occipital neocortices, hip-
pocampus, basal ganglia, thalamus, cerebellar hemisphere, and
midbrain were processed for PrP immunohistochernistry with
the monoclonal andbody (mAb) 3F4 or 1E4 (Cell Sciences,
Canton, MA)."""Y Selected brain regions were also immuno-
stained with the mAbs 4GB to amyloid f or PHFI 1o the tau
pracein,?

Molecular Genetics

The cntire PrP ORF was amplified by polymerase chain reac-
tion using génornic DNA (extracted from unfixed bmin tssue ot
blood) and the primers 42F (CATAACTTAGGGTCACATTT
GTCC) and 45R  {CCAGATTAACCAATGGTTATITGC)
sequencing was done directly or after cloning into plasmid
pSTBlue 1 (Novagen, Madison, WI) by auomated sequencing.

Prion Protein Characterization

REAGENTS AND ANTIBODIES. Phenylmechylsulfonyl
fluoride was purchased from Sigma Chemical Co. (St. Louis,
MO). Pepride N-glycosidase F (PNGase F) was purchased from
New England Biolabs (Beverly, MA) and used following the
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manufacturers protocol. Reagents for enhanced chemilumines-
cence (ECL Plus) were from Amersham Pharmacia Biotech
(Piscacaway, NJ). Ancibodies to various sequences of human
Prl” included ann~C, a rabbir anriserum (220-231), 3F4, a
mouse mAb (106-110), and 1E4, a mAb (97-108).1%"7

BRAIN HOMOGENIZATION. The 10% (weight/volume}
brain homogenates were prepared in 9 volumes of lysis buffer
(100mM Tris, 150 mM NaCl, 0.5% Nonider P40, 0.5% de-
oxychelare, SmM ethylenediaminetetraacedc acid, pH 8.0) on
ice using pestles with Eppendorf subes driven by a cordless
motor as previously described.'® When required, brain homoge-
nates were centtifuged at 1,000 x g for 10 minures at 4°C w0
coflect supernatant.

IMMUNOBLOT AMALYSIS. Samples were resolved on
15% Tris-HCI Criterion -precast gels {Bio-Rad Laboratories,
Hercules, CA) for gel electrophoresis, and Western blorting as
described previously.”® The proteins on the gels were transferred
to Immeobilon-P membrane polyvinglidene fluoride (Millipore,
Bilterica, MA) for 2 lours ac 70V. For probing Prl} the mem-

branes were incubated for 2 hours ar room temperarure wich
ant-PrP antibodies. Following incubation with horseradish per-

oxidase-conjugated sheep antimouse immunoglobulin G {IgG}
or donkey antirabbit IgG at 1:3,000, the PrP’ bands were visual-
ized on Kodak film (Eastman Kodak, Rochester, NY) by ECL
Plus as described by the manufacturer.

Results

Clinical Features

The cases, grouped according to the 129 genotype, dem-
ographics, and dinical data and rests, along with the pre-
vious 129VV cases, are summarized in the Table,

in 129VV cases, the presentation was characterized
by I or more components of a triad comprising psychiat-
ric signs, in the form of behavior and mood changes,
speech deficit, and cognitive impairment. Behavior and
mood changes, expressed as disinhibition, euphoria, and
impulsivity or loss of interest and apathy, were the most
frequent {(80% of the cases). Language deficits, observed
in half of the cases, were characterized by anomic or
semantic aphasia, or by dysarthria. Cognirive impair-
ment, mostly of the frontal lobe type, was present ax
onset in 50% of the cases, alone or rogether with the
behavioral changes and language deficits.

In the 129MV subtype, psychiatric signs were often
associated with parkinsonism, followed by ataxia and
myoclonus, whereas aphasia was rare; in these cases, the
mean age at onset (72 years) and duration {45 months)
of the disease were the most advanced and the longest,
respectively, of the 3 subtypes and the durarion was sig-
nificantly different from those of the 129VV genotype
(» < 0.017).
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Both sympromatic 129MM subjects (1 died appa-
rently before clinical onset of disease) presented with
Parkinsonism and ataxia followed by progressive diffuse
cognitive impzairment and myoclonus; aphasia was
reported in 1 case, bur neither showed psychiarric
Sy mpioims.

As for the diagnostic tests, just 1 VV case showed sig-
nal changes consistent with CJD on magpetic resonance
imaging and electroencephalography; all the other cases
revealed various degrees of brain atrophy and diffuse slow-
ing of cerebral electrical activity.

Familial occurrence of dementia was reported in
abour 50% (7/14 awailable family histories) of the
129VV cases {1 case in the present series), and in 1
129MM, but not in the 129MV genotype.

Histopathology

The hallmark common to all 129 genotypes was the
presence of moderate SD comprising vacucles in the
major cetebral regions, which were relatively larger than
those observed in sCIDMM1 but overall smaller chan
thase of sCJDMM2 (see Fig 1A-E and Fig 1A-C of
Gamberti et al®). Occasionally, the molecular layer of the
cerebellum contained small homogeneous formations,
with the appearance of microplagues in the 129VV and
129MV cases {see Fig 1K, G). On average, all these
lesions were more severe in the 129VV and 120MV than
in the 129MM cases {scc Fig 1E).

The pattern of PrP immunostainitg was slightly
different in the 3 genorypes.

In the 129VV cases, the PrP immiinostaining, as origi-
nally described, was targerlike in the cerebrum (Fig 2A) and
dotlike in the cerebellar molecular layer (see Fig 2B).

In the 129MV genotype, the targetlike parrern was
less recognizable (see Fig 2C). The cerebellar molecular
layer showed a more plaquelike immunostaining pattern
{see Fig 2D).

In the 129MM subjects, the predominant immuno-
staining pattern was plaquelike (see Fig 2E}. The cerebel-
lum gccasionally showed small plaguelike formations (see
Fig 2F).

With mAb 1B4, the patterns of PrP immunostaining
were similar to those revealed by 3F4 (data not shown).

Various degrees of amyloid f immunostaining, appa-
rently age-correlated, weze also observed (dara not shown).

Characterization of PrP? in the 3129
Genotypes

PRP®'S ELECTROPHORETIC PROFILE AND PROTEINASE
K RESISTANCE. The ladderlike electrophoretic profile
of the proteinase K (PK)-resistant PrP™™ fragments, the
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TABLE: Summary of Cases

- D&ibuﬁqn,
Codgn 129 % '(No.)
VPSP
MM 12 (34
MY 23 (6)-
A’ 65 a7t
Toral % 100
distribution
- sCID!
MM1 68
MV1 2
VV1 1
MM2 2
MV2 g
Vv2 16
Totals 98/

*Psychiatric symptoms mr.ludc dcpxcssmn. sy!:hos:s, a.nd pmonnhly!bchawuml c}n.n.g&s

Onset,
yr £ 8D
(range)

G4 & 78°

72 = 7
(65-81)

65 = g°f
(48-77)

67 % 10
{48-81)

65 (42-91)
62 (51-72)
37 (19-53)
64 (49-77)
60 (41-81)

63

bGenerally appedred late in the disease.
“Twenty-anc of 25 VESPr patients shawed s1gmﬁmnt oe:ebml mophy

“One of the 3 129MM subjects who died of acadcnml causes bcforc onset of: chmml dlsmsc has been cxcludcd. ’

*p<0025.
» < 0.045;

Ep < 0.03 (stadstical analysis by GraphPad [La ]olla, CAj Pnsma 5 software). -

D;ﬁn‘on,
mod: SD

41 & 50

45 % 248
(7-72)

23 %17

(1060}

30 £ 21
7-72)

4(1-18)

21(10-49)
16 (9-36)
17 (5-72)
6 (3-18)
6

“Including the 11 129VV cases pmuously published.?
‘Data adapred from Gambertd et al,' Parchi et al,'* and Zou et al'?; cases with co-occumence of d.tsm.s:—:.ssucxatcd prion protin type 1 and 2 have been omined.
iDoes nat include sporadic faral insomuia (296).%°

8D = standard deviadon; EEG = clcc:mcnccphalngmm MRI magucuc resonance unagmg; V'PSP:

Jakob disease.

14,1819

m_ﬁably prom.fc—schsi&v'c prionopathy; M = methioning V = valing; sGJD

Main Neurological Signs Diagnostic Tests

. ) Frontal 14.3.3, EEG, MR,
Psychiatric,” | Aphasia, Parkinsonism,” Ataxia, Myoclonus,”  Type Positive/  Typicall  Typical/
% . % %’ % % Dementia Totalor % Tomlor% Totl or %
1] 50 100 50 100 0 172 172 0/2
83 17 67 67 40 50 0/2 0/2 0/6
71 47 30 71 5 60 147 0114 17
68 48 48 64 29 52 2112 1/18 /25
28 23 33 97 NA 95% 80% 75%
12 25 Q 75 100 NA 71%
0 33 33 0 67 NA - 100% 0% 100%
0 33 33 17 67 NA 75% 0% 43%
34 11 22 81 77 NA 80% 7% 86%
19 N 6 100 a6 NA 7% 70%
26 18 H 49 87 NA“\ 899 56% 72%

Family
History of
Dementia

12
/5

7hn3

8/20

= sporadic Crenzzfelde-
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protease-sensitive prionopathy (VPSPr). The spongiform degeneration is qualitatively similar in afl 3 129 genotypes (A, 129VV;
B, 129MV; C, 129MM). (D) As originally shown in the 129VV cases,® the spangiform degeneration is made of a significant
percentage of relatively large and midsize vacuoles on average significantly larger than those of common sporadic Creutzfeldt-
Jakob disease (sCJD) subtypes {diameters: VP5Pr [combined! 9.3 & 3.4u vs sCIDMM1 5.8 £1.2j; p < 0.0001 [Student 1 test)),
resulting in an elongated vacuole size distribution in the vacuole size histogram. (E) The lesion profiles are very similar in the 3
129 genotypes, but show less severe lesions in the 129MM genotype than in the 129VV and 129MV genotypes. FC, TC, PC,
and OC= frontal, temporal, parietal, and occipital cortices; Hl = CA1 of hippocampus; EC = entorhinal cortex; BG = basal
ganglia; TH = thalamus {medial-dorsal nucleus); ST/MB = striatum/midbrain; LC = pons {locus coeruleus); CE = cerebellar
cortex. The vertical bars refer to standard deviations. Spongiform degeneration was scored on a 0 to 4 scale (0, not
detectable; 1, mild; 2, moderate; 3, severe; and 4, confluent), and astrogliosis on a 0 to 3 scale {8, not detectable; 1, mild; 2,
moderate, and 3, severe). (F, G) Homogeneous micro deposits with the appearance of plaques were observed in the molecular
layer of the cerebellum in some cases associated with the 129VV. {F) and 129MV {G) genatypes, but not in the 3 129MM cases.
{A-C, F, G} Hematoxylin & eosin, M = methionine; V = valine.

distinctive feature of the PSPr 129VV cases, was shared
by all the affected subjects belonging to the 129MM and
129MV genotypes, although, due ro the higher PK resist-
auce, the representation of most PrPP® fragments was
greater in 129MM and 129MV than in 129VV (Fig
3A).> The ladderlike profile demonstrared with 1E4 con-
sisted of 5 major bands migrating at approximately
26kDa, 23kDa, 20kDa, 17kDa, and 7kDa (hercafter
identified as VPSPr26, VPSPr23, VPSPr20, VPSPri7,
and VDPSP:7) (see Fig 3A). In contrast, PrPP types 1
and 2 from sCJD formed the classical pattern of 3 bands
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migrating ar 32/30kDa, 28/26kDa, and 21/19kDa (see
Fig 3A).

PPP" preparations from the 3 genotypes were
probed with mAb 1E4 or 3F4 after weatment with vari-
ous.amounts of PK. When PrP™ fragments were consid-
ered all together, both 1E4 and 3F4 confirmed the rela-
tively high PK resistance of PrPP™ in the 129MM cases,
inermediate in the 129MV cases, and low or entirely
lacking in the 129VV cases (see Fig 3). However, both
mAbs also showed the heterogeneous resistance of the

‘individual fragments. o PK, which was confirmed with

' Volume 68, No. 2
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cortex {A, C, E) and cerebellar molecular layer {B, D, F) best exemplify the predominant immunostaining patterns. {A) The
pattern in the 129VV genotype is often targetlike, with a larger stained granule or clusters of granules surrounded by smaller
granules in a fdcal or more diffuse background of punctate or synaptic staining (inset: higher magnification of the same
cortical region). {B} The molecular layer of the cerebellum shows relatively large granules that are often compact and intensely
stained. (C} In the 129MV genotype, the targetlike pattern is generally less obvious, as large granules are more often isolated;
focal or larger areas of synaptic staining are also present (inset: as above). (D) In the cerebellum, the granules are fewer, are
more loose, and have a plaquelike appearance, {E) The 129MM genotype often shows a plaquelike immunostaining pattern
(inset: as above). (F) The cerebellum shows small formations. lmmunostaining was done with monoclonal antibody 3F4. M =

methionine; V = valine.

PK ritration experiments. These analyses showed that the
VPSPr7 fragment was highly PK-resistant in all 3 geno-
types. In contrast, the other 4 fragments appeared to fol-
low 2 distinct patterns, which were similar and involved
pairs of the same fragments in both 129MV and
129MM; VPSPr26 and VPSPr20 increased and decreased
rapidly in amounc peaking at 10pg/ml of PK and gener-
ated fairly narrow bell-shaped curves. In contrast, both
PSPr23 and PSPrl7 increased at a lower rate, peaked
between 25 and 50ugfml of PK, and remained relatively
well represented even at 100pg/ml of PK. The represen-
tations of the 2 pairs of fragments were significandy dif-
ferent ac 100p/ml PK concentration in both 129 geno-

August, 2010

types (129MM, p < 0.02; 129MV, p < 0.005). As
expected, the PK resistance of the 129VV fragments was
nuch lower, except for VPSPr7. Combined, the immu-
noblots and quantitative analyses argue that VPSPr23
and VPSP:rl7 have the strongest resistance to PK and
likely form secondarily from VPSPr26 and VPSPr20 fol-
lowing treatment with high PK concentrations. It has to
be noted, however, that the PK sensitivity of the 129VV
preparations was in part related to the mAb used. When
probing with 1E4 instead of 3F4, all fragments present
in the VPSPr-129MM and -129MV preparations were
also derectable in the preparations from the 129VV ge-
notype, even if they displayed different ratios. Therefore,
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FIGURE 3: Electrophoretic profiles and proteinase K (PK) titration of PK-resistant disease-associated prion protein (PrP®s) from
variably protease-sensitive prionopathy (VPSPr) associated with the 129VV, 129MM, or 129MV genotype. (A) The Western
blots of the total brain homogenates {BHs) treated with 25pg/ml of PK and probed with the monoclonal antibody 1€4 reveal 5
PrP bands migrating approximately to 26kDa, 23kDa, 20kDa, 17kDa, and 7kDa, forming a ladderlike pattern in all 3 [129VV,
129MM, .and 129MV} genotypes of VPSPr (VPSPr26, VPSPr23, VPSPr20, VPSPr17, and VPSPr7) (fanes 1-3). The faint band that
migrates at approximately 30kDa in VPSPr-129VV (fane 1) likely represents the incomplete PK digestion of the normal
diglycosylated, N-terminus truncated PrP fragment or associated monoglycosylated fulllength PrP. In contrast, BHs from
sporadic Creutzfeldt-Jakob disease (sCJD) associated with the 129MM genotype and the PrP®® type 1 (sCJDMMT) or
sCIDVVZ (sCJD with the 129VV genotype and PrPP® type 2) show the typical 3 PK-resistant PrP fragments of type 1 and 2
migrating between 31kDa and 19kDa (lanes 4 and 5). {B, C} PK titration of PrP"™. Brain homogenates from 120VV, 129MM,
and 129MV genotypes were treated with PK at various concentrations between 0 and 100ag/mi. (B) Prebed with 1E4. (C)
Probed with 3F4. (D) PK titration with quantitative analysis of the individual VP5Pr fragments. The curves represent the
relative amounts of the individual VPSPr fragments at increasing PK caoncentrations {0-100pg/ml} after probing the
immunoblots with TE4 in each of the 3 129 genotypes. The relative representations of the bands corresponding to the VPSPr
fragments were determined by densitometry and expressed as averages of 129VV (n = 3), 129MM (n = 2}, and 129MV cases
(n = 3). Comparative analysis of the curves from each of the 3 129 genotypes confirms the PK sensitivity of all the fragments
in 129VV cases, with the exception of VPSPr7, which is resistant to PK in all 3 genotypes. The remaining 4 fragments follow
similar patterns in both the 129MM and 129MV genotypes; VPSPr2é and VPSPr20 form rapidly but are digested at PK
concentrations »>10pg/ml; VPSPr23 and VPSPr17 are resistant up to 100ug/ml of PK {*p < 0.02; **p < 0.005). M = methionine;
V = valine. '
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the PK treatment might not only break down the PrP™®
associated with the 129VV genotypic form, bur also
generate fragments reladvely undetectable by the mAb
3F4. Aleernatively, PrPP* associated with VPSPr-129VV
might have a low immunoreactivigy with 3F4, even with-
out PK treatment. ’

IDENTIFICATION OF THE PRP® CORE FRAGMENTS
AND THEIR COMPARISON WITH THOSE OF THE GSS
VARIANT LINKED TO THE AT17V MUTATION. Vari-
ous amounts of VPSPr20, VPSPrl17, and VPSPr7 were
demonstzated by 1E4 in all 3 129 genotypes after degly-
cosylation and up o 50ug/ml of PK rreatment (Fig 4A).
Because the deglycosylation eliminated VPSPr26 and
VPSPr23, these 2 fragments likely are the glycosylated
isoforms of VPSPr20 and VPSPrl7, respectively. This
would explain the shared level of PK resistance of these 2
fragments {see Fig 3D}, Of notice, the same PK-resistant
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fragments were well represented also withour deglycosyla-
tion, suggesting that VPSPr20 and VPSPrl7 are present
as both glycasylated and unglycosylated isoforms (see Fig
34, B). With 3F4, only VPSPr20 and VPSPr17 were de-
tectable in the 129MM and 129MV cases, whereas again
the 129VV genotype showed no PK-resistant PrP (see
Fig 4B). The combined and individual resistance of the
deglycosylated fragments to PK was comparable to that
of the glycasylared isoforms.

Further characterization of the core fragments with
the antibody anti-C (C-terminal residues 220-231) dem-
onstrated 4 PrP bands migrating at approximately
20kDa, 18kDa, 12-13kDa, and 8kDa, of which only the
20kDa band marched VPSPr20 detected with 1E4 and
3F4 (see Fig 4C). The 3 fragmenss undetected by 1E4
and 3F4 must comprise the C-terminal region (reactive
with anti-C} and must lack the 97-112 sequence

-
FIGURE 4: Proteinase K (PK)-resistant core fragments of
variably protease-sensitive pricnopathy (VPSPr} and their
comparison with the disease-associated prion protein {PrP™%)
fragments associated with Gerstmann-Striussler-Scheinker
disease (G55)-A117V. All brain homogenates were treated
with increasing concentrations of PK and with peptide N-
glycosidase £ [PNGase F). (A) With 1E4, all immunoblots
from cases with the 129VvV,129MM, and 129MV genotypes
esseptially show variably protease-sensitive prionopathy
(VP5P)-20, VPSPri7, and VPSPr7. However, the PK
resistance of these bands varies according to the 129
genotype and the individual bands within the same genotype
in a way roughly similar to that shown in Figure 3. (B} The
immuncblots probed with 3F4 raveal 2 major bands in the
129MM and 129MV genotypes, which, however, axhibit a
quite different pattern of resistance to PK in the 2
genotypes. As expected, no PK-resistant PrP bands are
detected in the 129VV genotype. (C} Additional analysis of
the core fragments following treatment with 25xg/ml of PK
and PNGase, using the antibody anti-C to the PrP C-terminal
residues 220-231. Compared to 1E4, anti-C demonstrates 4
bands of 20kDa, 18kDa, 12~13kDa, and BkDa, respectively,
of which only the 20kDa band has the same gel mobility as
VPS5Pr20 detected with 1E4. The other 3 bands, including
18kDa, 12-13kDa, and 8kDa, do not match the bands
detected with 1E4. (See text for explanation). (D) Brain
homogenates from VPSPr-129MV, G55117, and VFSPr-129
were treated with PK and PNGase F prior to Western
blotting and probed with 1E4 (left panel), 3F4 (middlie
pangl), and anti-C (right panel) antibodies. With monoclonal
antibody 1E4, bands matching VPSPr20, VPSPri7, and
VPSPr7 are detected in the GSS-A117V preparations, but the
GSS-V117V bands immunoreact much less with 1E4 than the
bands of VPSPr-129MV and VP5Pr-129VV. The 23kDa band
is seen more prominently in G5S-A117V. With 3F4, the
VPSPr17 and VPSPr7 bands are shared by GS5-A117V and
VPSPr-129MV, but the 20kDa band is missing in G5S-A117V.
The VPSPr7 band is much less reactive in 129MV. As
previously, the 129VV is not reactive with 3F4. Anti-C reveals
apparently the same bands in all 3 preparations, but with
significantly different ratios. M = methionine; V = valina,
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coneaining the 1E4 and 3F4 epitopes. Therefore, 6 core
fragments of relative molecular weights between 20kDa
and 7kDa were idenufied by the combined use of
1E4 and and-C. Several PrP’ C-terminal fragments of
similar relative molecular weight have been previously
reported.® " Considerable similarities were observed in
the elecirophoreric mobilities of the PK-resistant core
fragments from the 129MV, 129VV, and 129MM geno-
types and (GSS-A117V (see Fig 4D). Also in GSS-
Al17V, the mAb 1E4 demonstrated the presence of 3
bands of 20kDa, 17kDa, and 7kDa described in VPSP,
which, however, displayed different immunoreactivities.
. Comparable variations in antibody immunoreactivity and
band representation were seen with 314 and anti-C (see
Fig 4D). Therefore, most of the PK-resistant PrP™" frag-
ments appeased to have similar sizes in VPSPr and G5$-
A117V, but differenr ratios and antibody reacrivities.

Discussion

At variance with the series of 11 cases of PSPr described
in 2008 and 2 cases subsequently published by others-—
all 13 of which were 129VV homozygous at the PrP
gene—the 15 cases reported here also indlude affected
subjects who are 129MV and 129MM, in addition to
new 129VV subjects.> Comparative analyses indicated
that all these cases are affected by the same disease pro-
cess, and thae most of the heterogeneity that we observed
results from distinct 129 genotypes.

These cases are likely ro be affected by the same disease
because of the overall similarity in major phenotypical charac-
tevistics, including the clinical fearures, which prominendy
exhibit aphasia, ataxia, and parkinsonian signs; SD, display-
ing vacuoles comparable in size in the 3 genetypes bur other-
wise different from the vacuoles of other corumon prion dis-
eases; and fimally PrP immunosmining patrerns, which also
display comparable general features in all these cases. How-
ever, the 2 most striking similarities reside in the ladderlike
electrophoretic pattern of the PK-resistant fragments and in
the unique immunoseactivity of PrPP* with mAb 1B4.
Curnularively, these findings suggest thac all these cases share
a similar molecular mechanism of PrP™* formation.

Significant dlinical differences among the 129VV and
129MV groups (only 2 129MM sympromaric subjects were
available} occurred in the mean age at onser and in disease
duration (see Table). PtP immundstaining patteens were also
distinguishable in the 3 groups. An addirional difference
might lay in disease prevalence, which appeared to be highest
in 129VV subjects (65% of the cases), followed by the
120MV (23%) and 129MM subjects (1296) (sce Table).
However, 2 distinctive fearures were evident among the 3
groups; these were: (1) the apparent resistance to PK diges-
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tion, which was generally much lower in the 129VV cases
than in the 129MM and 129MV cases; and (2) the immurno-
reactivity of the PK-resistanc PrPP* with mAb 3F4, which
was strong in the 129MM cases, weak in the 129MV cases,
and lacking in the 129VV cases. Cumularively, these tindings
argue that, although PrP™* may be formed by a similar
mechanism in the 3 genotypes, the conformation or aggrega-
tion is [ikely differens, and this difference resules in variable
resistance to PK, variable accessibility by 3F4, or bath.

These findings also indicate that, in the present
scries of cases, it is the 129 genotype thar nodiffes the
phenotypic characteristics, including PK resistance and
antibedy immunoreactivity of PeP”®. However, the pos-
sibility that phenotypic heterogencity is caused by other
variations in PrPY™ among the 3 groups or by a combi-
nation of different 129 genotypes and PrP™* characteris-
tics, as is the case with sC]D, cannot be excluded,

The variations in prevalence are likely to be assoctared
with the 129 genotype as well. This also is a feature of sCJD,
in which 129MM cases account for abour 70% of the toml,
129MV for 11%, and 129VV for 17%.112 It is remarkable
that the effect of the 129 genotype on disease prevalence in
our series of cases appears to be the opposite of that in sCJD.
The high percentage of 129VV subjects described o date (20
of 28 known subjects, including the 2 cases reporred else-
where) and the apparent rarity of 129MM subjects (only 3 of
28 subjects) suggest that the prevalence of VPSPr is directly
related o the presence of the 129V allele. S Indeed, ar least
1 129V allele is present in 25 of the 28 known cases of
VPSPr. The prevalence of the 3 129 genotypes in VPSPr is
quite different from that in normal Caucasian populations,
in which the 129MM genotype accounts for 43% of subjects,
the 129MV for 49%, and the 129VV for 8%.%"

The present findings raise a number of questions
concerning the nature of VPSPr and its place within the
gtoup of known prion diseases.

In our series of 26 VPSPr cases collected to dare, 8
subjects apparently had familial dementia; they were all
129VV excepr for 1 129MM. One of the 2 VPSPr-
120VV cases reported by others also had a definitive family
history of neurodegenerative disease.? This raises the possi-
bility that VPSPr is a familial disease with a locus other
than the ORF of the P gene {which is free of murations),
a condition analogous to thar of familial Alzheimer dis-
ease.3*? Whether the VPSPr subjects reported to date also
include inherited cases belonging solely to the 129VV and
129MM genotype remains to be determined.

Well-recognized prion diseases, which are associated
with the classic PrP™* commonly identified as PrP27-30,
such as all sCJD subrypes and several subtypes of familial
CJD and sporadic and familial fatal insomnia, are trans-
with relative to receptive animals.

missible ease
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Inoculated animals develop a full-blown disease with
clinical signs, SD, and presence of a PeP27-30 that gen-
erally reprocluces the characteristics of the PrP27-30 pres-
ent in the inoculum."?* In contrast, other prion dis-
eases, especially GSS, a rare phenotype that to date has
been reported as exclusively associated with PrP gere
mutations, have been more difficult to wansmir or have
been reported not to be transmissible at all.?*?® For
example, inoculation of brain homogenate from 2 sub-
type of GSS linked to the P102L mutation and charac-
terized by the immunoblor presence of only a PK-resist-
ant fragment of 7kDa similar 1o that present in VPSPr
did not cause a sympromatic disease in recipient trans-
genic mice, but clicited the formation of PP amyloid
deposits in the absence of abnormal PR Similatly,
inoculation of PK-sensitive recombinant PP polymerized
into amyloid fibers generated a prion disease in PrP over-
expressing transgenic mice that was apparendy asymp-
romatic but caused SD and deposition of PK-sensitive
abnormal PrP, 2 features shared by the 129VV genotype
of VPSPr, only late in the life of the inoculated animals,
consistent with very long incubation times.* Furcher-
more, similar transmission patterns on ineculation of
brain homogenates from affected animals or humans
have been observed in other neurodegenerative diseases,
sich as Alzheimer disease and diseases of the rau protein
or tauopathies.’®®' Experiments on the transmissibility
of VPSPr are ongoing. Preliminary dara indicate thar
VPSPr transmissibility, if it occurs ar all, is not efficiene,
and it could be more like that of GSS-P102L associated
with PrPP* 7kDa or of PK-sensitive PrP amyloid fibers,
which require long incubation times and do not shorten
the life span of the affected animals, 262

It is intrigning that GSS also shows characteristics
of the phenotype and of the PrPP* associated with some
of the murations that resemble those of VPSPr.”® They
include long disease duration, multiple PK-resistant frag-
ments, and variable PK resistance of PrPP®
parative analysis of the electrophoretic profiles in VPSPr
and GS5-A117V reveals provocative similarities. This
finding raise the issue of whether VPSPr might be viewed
as the sporadic form of GSS.

Regardless of its relationship with GSS, the finding
that VPSPr affecrs all 3 129 genotypes, resulting in dis-
tinct disease phenotypes and PrPP® characteristics, estab-
lishes VPSPr as the second “sporadic” prion protein dis-
ease, after sCJD.

. Our com-
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This is the second revision of the CPMP? Pasition Statement on “Creutzfeldt-Jakob disease
and plasma-derived and urine-derived medicinal products” (EMEA/CPMP/BWP/2879/02)
published in February 2003 and revised in June 2004 and XXX 2010, which replaced the
CPMP Position Statement on “New varifant CID and plasma-derived medicinal products”
(CPMP/201/98) issued in February 1998.

Summary

Cumulative epidemiological evidence does not éupport transmission of sporadic, familial and fatrogenic
Creutzfeldt-Jakob disease (CID) by plasma-derived medicinal products. There is no change to the
previous CHMP position that recall of plasma-derived medicinal products is not justified where a donor’
is later confirmed as having sporadic, familial or iatrogenic CID.

Variant CID (vCID) is an emerging disease and the eventual number of cases of the disease is
uncertain. There is a wider distribution and higher level of infectivity/abnormal prion protein in
peripheral tissues than is seen with sporadic CID. Four instances of apparent iatrogenic vC1D infection
by blood transfusion in man in the UK provide strong evidence that vCID is transmissible through blood
transfusion. In 2009, the agent was detected in a haemophilia A patient who received intermediate
purity FVIII prepared from pooled plasma sourced in the UK before 1998.

Residence in the UK is a recognised risk factor for vCID and has led to the UK deciding to no longer
fractionate from UK piasma. It is consistent with this decision to exclude donors who have spent long
periods in the UK during the risk period. from donating blogd/plasma for fractionation. It is
recornmended that donors who have spent a cumulative period of 1 year or more in the UK between
the beginning of 1980 and the end of 1996 are excluded from donating blood/plasma for fractionation.

There is no recommendation to recall batches if information that would have excluded a donor based
on his/her stay in the UK becomes available post-donation, since this is a very conservative
precautionary measure.

Available data indicate that the manufacturing processes for plasma-derived medicinal products would
reduce vCID infectivity if it were present in human plasma. Manufacturers are required to estimate the
potential of their specific manufacturing processes to reduce infectivity using a step-wise approach. It
is recommended that manufacturers consult the relevant competent authorities at each of the
milestones in this estimation. CHMP and its Biotechnology Working Party (BWP) will keep progress with
these recommendations and the actions to be taken under review.

In support of this recommendation, CHMP and BWP, with the involvement of external experts, have
developed guidance on how to investigate manufacturing processes with regard to vCiD risk and CHMP
and BWP are available to discuss issues that might arise.

“The rationale for this position is that if, in the future, further cases of vCID occur in countries collecting

blood and plasma for the manufacture of plasma-derived medicinal products, a process previously
shown to be able to reduce TSE infectivity will provide reassurance on the safety of past products, and
could help to justify continuing fractionation.

Low levels of infectious TSE agents have been detected in the urine of scrapie-infected rodents and in
the urine of deer with Chronic Wasting Disease. However, there is no epidemiological evidence of CID
or vClD transmission by urine derived medicinal products. A general review of manufacturing

? In May 2004 there was a change in the name of the EMEA’s scientific committee for human medicines from CPMP to
CHMP. :
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processes for urine-derived medicinal products indicates that it is feasible to apply donor selection
criteria when a product is derived from a relatively small and well-defined donor population. In
addition, it indicates that manufacturing processes have at least one step that might be theoretically
capable of reducing TSE infectivity if it were present in the starting material. It is noted that urine-
derived medicinal products are not scurced from urine collected in the UK.

On the basis of this review and other considerations, the use of exclusion criteria for selection for a
urine donor panel is encouraged, as a precautionary measure, where feasible. The same exclusion
criteria should be applied with respect to CID and vCID as used for blood/plasma donors providing
starting material for the manufacture of plasma-derived medicinal products but, unlike blood/plasma
donors, these criteria would not be checked at each donation. Manufacturers of urine-derived medicinal
products are recommended to evaluate the capacity of the manufacturing process to reduce/eliminate
TSE agents by following a similar approach to that for plasma-derived medicinal products.

1. Introduction

Creutzfeldt-Jakob disease (CID} is a rare neurodegenerative disease befonging to the group of human
Transmissible Spongiform Encephalopathies (TSEs) or prion diseases. Mortality rate of TSEs ranges
approximately from 1.5 to 2 persons per million population per year. TSEs can occur sporadically
(sporadic CID {sCID) and sporadic fatai insomnia), be associated with mutations of the prion protein
gene (genetic TSEs (gTSE)), or result from medical exposure to infectious material (iatrogenic CID
(iCID)). In 1996, a variant form of CID (vCID) was identified.* There is strong evidence that vCID is
caused by the agent responsible for bovine.spongiform encebhalopathy (BSE) in cattle.>3* The most
likely hypothesis is that vCID has occurred through exposure to BSE contaminated food.

Human TSEs, including in particular vCID, were addressed in expert meetings/workshops at the EMEA

. in January. 1998, January 1999, December 1999, May 2000, and December 2000. A CPMP Position

Statement on variant C1D and plasma-derived medicinal products was issued in February 1998% and
the outcome of the subsequent meetings was published on the EMEA website.5 An EMEA Expert
Workshop on Human TSEs and Mediginal Products was held on 19-21 June 2002. This provided the
scientific basis for a new CPMP Position Statement issued in 2003.5° A further EMEA Expert Workshop
was held in January 2004 to review the current state of knowledge of vCID, in the light of the recent
report of a possible human transmission by blood transfusion.® In addition, the Workshop discussed
the CPMP Discussion document on the investigation of manufacturing processes with respect to vC1D.5?
In October 2005, a follow-up workshop was held to discuss the number of vClD cases reported in
France and other European countries and the potential effect of additional donor exclusion measures,
Urine-derived medicinal products' were specifically discussed at an EMEA expert workshop in July
20079 after publication of experiments-indicating transmission of prions via urine using a hamster
model.

Blood and blood components for transfusion are outside the scope of this Position Statement.
Recommendations on the suitability of blood and plasma donors and the screening of donated blood in
the European Community were described in Council Recommendation 98/463/EC.7¢ Eurdpean
legislation on human blood and blood components entered into force on 8 February 20037 Under this
legislation, a Commission Directive on certain fechnical requirements for blood and blood components,
including eligibility criteria for donors, entered into force in April 2004.7° In addition, Council of Europe
Recommendation No. R (95) 15 contains -a technical appendix on the use, preparation and quality
assurance of blood components and details the current requirements for donors.”
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In December 2003, foillowing the announcement of a possible case of vCID transmission by blood
transfusion, Commissioner Byrne made 2 statement highlighting EU activities in the area of vCID and
announcing a meeting of the Working Group of the Blood Regulatory Committee to consider the latest
information available from the UK.7® The meeting took place in January 2004 and a summary
statement was produced.™

The Scientific Steering Committee (SSC) and the Scientific Committee on Medicinal Products and
Medical Devices (SCMPMD) of the European Commission have published a number of opinions relating
to'TSEs, which are of relevance to blood and blood components for transfusion, as well as to plasma-
derived medicinal products.® WHO Guidelines on TSEs are also of relevance to both blood components
for transfusion and plasma-derived medicinal products.’ The Council of Europe has made
recommendations for blood and blood components for transfusion. ! :

2. Human TSEs current status

2.1. Sporadic, genetic and iatrogenic forms of human TSEs

There is no evidence that sporadic, genetic or iatrogenic forms of human TSEs have been transmitted
from person to person through exposure to plasma products or urinary derived medicinal products.
Systematic surveillance for CID of all types has been undertaken in a number of countries, including a
collaborative study in the EU since 1993,'12 and no case of sporadic, genetic or iatrogenic CID has
been causally linked to prior treatment with plasma products. Cases of sporadic CID with a history of
drug treatment for infertility have not been identified but there is uncertainty about the validity of this
observation. (See the report of the 2007 EMA expert meeting for further details.®®} Aithough there is
evidence that plasma products have not been implicated in transmission of sporadic, genetic or
iatrogenic CID, the strength of the evidence excluding transmission by urinary derived medicinal
products is less secure.

2.2. Variant CID

The official UK figures for vCID at the beginning of April 2010 were -a total of 172 definite or praobable

vCID cases.? (One case diagnosad in Hong Kong was classified as a UK case and is included in the UK

figures.) QOutside of the UK, there have been 25 cases in Francel®, 5 in Spain, 4 in the Republic of

Ireland, 3 in the Netherlands, 3 in the USA, 2 in Portugal and Italy and single cases in Canada, Saudi
Arabia and Japan. 2 of the Irish cases, 2 of the US cases, 1 French case and the Canadian case had

spent more than 6 months in the UK during the period 1980-1996 and were probably infected while in

the UK. * The third US case has been reported as most likely infected when Iivin‘g in Saudi Arabia, The

possibility of cases occurring in other countries cannot be excluded.

Two cases of vCID identified in Spain occurred in the same family. Na family links have been reported
in any other vC1D cases to date.

All definite and probable cases, which have been genotyped so far, are Met-Met homozygotes at coden
129 of the prion protein (PrP) gene.' In 2009 a possible case of variant CID was reported in the UK
with a heterozygous codon 129 genotype. '/

Analysis of the UK figures for the quarterly incidence of deaths indicates that vCID incidence in the UK
is currently in decline, However, interpretation requires caution as there may be a long tail or more
than one peak to the epidemic.'
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A UK study screening specimens from surgically removed appendices and tonsils for ‘accumulation of
prion protein in the lymphoreticufar system has been carried out in order to try and obtain some
estimation of the number of people that might be incubating vCID in the UK.2® Three positive appendix
specimens have been found as a result of the screening of 12,674 appendix and tonsil specimens.
However, the pattern of lymphoreticular accumutation in two of these samples was dissimilar from that
seen in known cases of vCID, raising the possibility that they may be false positives. With respect to
this possibility, the authors comment that although it is uncertain whether immunohistochemical
accumulation of prion protein in the lymphoreticutar systém is specific for vCID, it has not been
described in any other disease, including other forms of human prion disease or a range of
inflammatory and infective conditions. Subsequent genetic analysis of residual tissue samples from
these 2 cases found that both were valine homozygotes at codon 129 in the prion protein gene®® This
finding might account for the immunchistochemical features in these cases; all patients who have
developed vCID and have undergone a comparable genetic analysis have been methionine
homozygotes at codon 129 in the prion protein gene.

Statistical analysis on this ﬁn'ding of 3 positive specimens gives the following estimations of numbers
who may be incubating vCID: :

237 infections per million population (95% confidence interval {CI): 49-692 per million)

Assuming that this estimate relates to those aged 10-30 years®, 3,808 individuals (CI 785-11 128)
aged 10-30 years may be incubating vCID in the UK.

These estimations are higher than predictions from modelling of the clinical data (upper 95%
confidence interval of 540 future cases).® It is not known whether those incubating vCID will
eventually develop clinicat disease. However, estimates of numbers possibly incubating are important
with respect to any potential for secondary transmission (e.g.. by blood donation, surgical instruments)
while individuals are in the incubation phase. It should be noted that plasma-derived medicinal
products have not been manufactured from donations collected in the UK since 1998, ’

A larger study of an archive of tonsil tissue from 63,007 people of all ages removed during routine
tonsillectomies has been published.?? 2,753 samples were from the 1961- 1985 birth cohort in which
maost cases of vCID have arisen and 19,808 were from the 1986-1995 birth cohort that may also have
been orally exposed to bovine spongiform encephalopathy. None of the samples were unequivocally
reactive to two enzyme immunoassays and none of the initial reactives were positive for PrP™* by
immunohistochemistry or immunoblotting. The estimated 95% confidence interval for the prevalence
of PrP™E in the 1961-1995 birth cohort was 0-113 per million and in the 1961-1985 birth cohort 0-289
per million. These estimates are lower than the previous study of appendix tissue, but are still
consistent with this study. Archiving of tonsil tissues continues and further studies are planned.

3. Human tissue distribution of infectivity/abnormal prion
protein. '

Tissue distribution has been investigated by detection of the abnormal prion protein PrP™t or by
infectivity assays. Detection of PrP™F in tissues has often been associated with infectivity, however it
should be noted that, in some circumstances, infectivity can be present without detection of PrP™E or
PrP™SE be present in absence of infectivity.?® This may be related to limitations of assay methods for
PrP™E, however, in some cases the reason for this finding is not known. It is thus recommended that

* The reason the age range of 10-30 years is specified is because 83% of the samples were from individuals In this age
range.

&/25

137

A



210
211

212
213
214
215
216
217
218
219

220
221

222

223

224

225
226
227
228
229
230

231
232
233
234
235
236
237

239
240
241
242

243

244

245
246
247
248
249

any study on tissue or fluid distribution of the abnormal prion protein be confirmed with an infectivity
assay. :

A wider distribution and higher ievel of PrP™F in human peripheral tissues, including the
lymphoreticular system, has been found in vCID compared with sporadic CID.?*?>2% |imited data from’
infectivity assays of vCID tissues are consistent with the PrP™e findings.?” In clinical vCID cases high
titres of infectivity are found in the brain and spinal cord and lower levels in spleen and tonsil?’. While
PrPTSE and infectivity are occasionally found in the spleen of sporadic CID, the levels of PrP™ are lower
than in vCID.¥ It is also suspected that lymphoid tissue involvement in sCID is associated with a
relatively long duration of clinical illness whereas it occurs preclinically in vCID. PrP™E accumulations
have been observed in muscles of some patients with both sporadic and variant C1D.%8

It is likely that the distribution of PrP™f and infectivity in iCID is more similar to sCID than vCID.*®
Data are lacking for gClD. -

4. Infectivity in blood and transmissibility via blood

4.1. Animal blood

Low levels of infectivity have been found in the blood of rodents experimentally infected with animal
and human TSE agents,?%313%33 Experiments indicate that approximately half the infectivity is in the
cellular components, mainly the buffy coat, and the remainder in the plasma. Experimental studies
indicate that the vCID agent behaves in a similar way (aualitatively and guantitatively) to a genetic
TSE agent? when adapted to RIII/Fa/Dk mice.’? Infectivity has also been detected in buffy coat of a
prosimian microcebe experimentally infected with a macaque-adapted BSE strain.®*

The infectivity in rodent blood was transmitted by intravenous inoculation, but 5-7 fold less efficiently
than by the intracerebral route.’! In one study with mouse-adapted vCID agent, the intravenous and
intracerebral routes were found to be equally efficient for the buffy coat fraction but not for the plasma
fraction.®® However, studies in primates show that survival times were similar after intravenous or
intracerebral inoculation of infected brain material.*®* Unpublished studies presented at scientific

. meetings¥*® indicate that blood of primates experimentally infected with human TSE agent is

infectious from about half way through the incubation period.

Furthermore, information from intra-species transfusion experiments indicates that experimental BSE
in orally infected sheep or natural scrapie infection in sheep can be transmitted to sheep by blood
transfusion % Transmission efficiency was high for both BSE and natural scrapie, and the majority of
transmissions resulted from blood collected more than half way through the incubation period®. The
level of infectivity in sheep blood cannot be established from these experiments.

The European Union—has provided funding for animal transmission projects.

4.2. Human blood

The tracing of recipients of blood transfusion from UK donors who have subsequently developed vClD
{the TMER study) has revealed four instances of secondary transmission.*? These individuals had
received transfusion of non-leucodepleted red cells from donors who were clinically healthy at the time
of donation but subsequently {17-40 months later) developed variant CID. Three of the four patients
developed disease after incubation periods ranging from 6.5 to 8.5 vears; the fourth died 5 years after

% Mouse-adapted GSS strain of human TSE (brain tissue obtained from a case of Gerstmann-Striussler-Scheinker
Syndrome).
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transfusion of an HIiness unrelated to prion disease but tested positive for PrP™¢ in the spleen and
lymph nodes. This asymptomatic prion-infected patient was heterozygous (methionine/valine) at codon
129 of the PRNP gene. Taken together, these instances are strong evidence that vCID is transmissible
through blood transfusion.

Recently, ancther presumed case of prion infection was identified in an elderly haemophilic patient who
was heterozygous at codon 129 in the prion protein gene.*? The patient, who died of unrelated
pathology, had received large quantities of UK-sourced fractionated plasma products, including some
units derived from plasma pools which contained plasma from a donor who later developed variant
CID. This patient was identified through an intensive search for PrP™F positivity in all post-mortem
tissues, although only 1 of 24 samples taken from the spleen tested positive. Whether someone with
this limited distribution of PrP™St would be infectious is unknown, but from a public health perspective,
this patient represents a warning that some plasma-derived products might contain residual prion
infectivity. ' :

The surveillance described above emphasises the importance of the TMER study for identifying the risk
of blood transfusion in transmitting vCID. Moreover, national databases of blood donors and the
ma}ntenance of traceability from donor to recipient and vice versa are essential to establish whether a
vCID case has been a blood donor (UK experience has shown that questioning of family members is
unreliable for establishing whether a patient has been a blood donor). Traceability is a specific
requirement in Article 14 of Directive 2002/98/EC.”? ‘ ‘

Infectivity or PrP™® were not detected in blood of vCID. cases using methods capable of detecting
infectivity/PrP™E in peripheral tissues such as tonsil or spleen, indicating that if infectivity is present it
is at levels below the sensitivity of these methods. 272%

There is no epidemiological evidence that blood of sporadic CID may transmit disease. ™" Prospective
studies, similar to the TMER study, are in progress in the UK and USA and have not yet revealed any
possible case of sporadic CID linked to blood transfusion. However, current data are scanty to
unequivocally exclude the possibility that such an event could occur in a small number of cases with a
long (10 or mare years) incubation period.*

A review of transmission studies to detect infectivity in the blood of humans with CID (sporadic,
iatrogenic and variant) shows that although experimental transmissions to animal models have
occasionally been reported*”*®, other studies failed to detect infectivity.*?’ It remains possible that
Pre’™sF is present at low levels in the biood of clinically affected cases of sCID. Data are lacking for gCiD
but the assumption is that the tissue distribution of infectivity will be mare similar to sCID than vClD.

For the purpose of risk assessments, it is recommended that, as a worst case assumption, a relative
efficiency of the intravenous and intracerebral routes of 1:1 should be used.> This is because the
accumulated information now available from animal studies indicates that the intravenous route can be
an efficient route of transmission and in certain cases can give a transmission rate and/or an
incubation period similar to the intracerebral route (see also 4.1).

5. Detection techniques

Several techniques are under development for the detection of PrP™¢ in blood including methods based
on epitope protection® and PrP™F specific antibodies™. Approaches based on surrogate markers are
also under investigation. Development and validation of all methods is on-going but there is no
screening test yet. Confirmatory tests that have been proposed include Protein Mis-folding Cyclic
Ampli'ﬁcation (PMCA) 3% which is extremely sensitive, but has not yet been validated.
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Several WHO reference preparations are avallable and further materials are under development®.
These reference preparations will allow calibration of assays versus infectivity bicassays, and can be
used for collaborative studies to compare the performance of different assays to see whether they are

sufficiently sensitive and specific to justify further evaluation for screening blood.,

Prp™= detection methods for screening human blood for evidence of infection are being considered for
inclusion as Annex II List A devices under the IVD Directive. There are very few samples of blood or
plasma from clinically affected patients or from individuals known to have been infected at a particuiar
time. This contrasts with other blood borne agents such as viruses. Alternative development and
evaluation strategies have been proposed to assess whether a candidate assay is sufficiently promising
to be given access to the available samples.*®

6. Leucoreduction and specific prion affinity filters

Leucoreduction is used in transfusion medicine to reduce the level of white blood cells in blood and
bleed components. It was implemented in the UK in 1999,

The rationale for considering leucoreduction as a precautionary measure is:

- The lymphoreticular invalvement in vCID

- The detection of low levels of infectivity, in studies with rodents, in the buffy coat (associated
with white blood cells).

_The SCMPMD opinion on leucoreduction 83, 80 for blood and blood components for transfusion states

that it might be a precautionary step to remove white cells as complietely as possible. For plasma for
fractionation the opinion states the following:

‘Taken together, there is no compelling scientific evidence to date for the introduction of leucoreduction
of plasma for fractionation, or other methods aiming at removal of cells and debris, as a precaution
against vCID transmission. The question should be further explored by suitable experiments.’

Results reported at the 2002 EMEA Workshop, suggested that leucoreduction does not provoke
fragmentation of cefls and lysis. Results of a comprehensive study involving a number of different
filters and procedures indicate that leucodepletion is not detrimental in terms of the generation of
microvesicles or the release of prion proteins®, ’

Infectivity data from hamster studies indicate that leucoreduction alone is not totally protective against
prion transmission, with between 42 to 72 percent reduction in infectivity of whole blood%%,

Specific affinity ligands that bind prion proteins are being evaluated for their ability to reduce TSE
infectivity present in blood and plasma.

A study in hamsters showed that a leucocyte-reduction filter based on meoedified polyester fibres
exhibited a prion clearance capability between 99.0 to 99.9 percent on the endegenous and exogenous
infectivity of red cell concentrates®®.

Initial studies using leucoreduced human red blood cell concentrates spiked with hamster brain-derived
scrapie infectivity indicate that some ligands immobilised on a chromatographic resin matrix are
capable to removing 3 to 4 log IDs, per ml*®, A further study using scrapie-infected hamster whole
blood demonstrated an overall reduction of infectivity of more than 1.22 log ID®%E.
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The prion binding capacity of an affinity ligand chromatography step has been investigated in the
processing of a plasma medicinal product using hamster brain derived spiking material®2. This
preliminary data requires further evaluation before conclusions can be drawn on possible efficacy,

7. Manufacturing processes for plasma-derived medicinal
products

Taking account of the availabie data concerning blood infectivity, it is of utmost importance to
investigate the capacities of the manufacturing process (fractionation) fo eliminate/inactivate the
infectious material potentially present in the plasma poo! used as the starting material for preparation
of plasma-derived products. Initial results from animal studies, using blood from redents infected by
intracerebral inoculation, indicated that the fractionation process contributes to the removal of
endogenous plasma infectivity.?%3! Information reported at the EMEA Workshops in 2002 and 2004
suggested that endogenous infectivity might persist through the fractionation process to a greater
extent than would be expected from spiking studies,

Many investigational studies have now been carried out with different strains of agent and spiking
materials of different nature and purity, and using different assays to follow the partition of PrPTSE
and/or infectivity. In most cases, the correlation between the capacity to partition PrP™E and infectivity
has been demonstrated for the spiking preparations used until now {mainly brain homogenates of
various strains). It is now confirmed that biochemical assays can be useful for spiking experiments to

_investigate manufacturing processes in a reasonable timeframe and less costly protocels than the /n

vivo bioassay. However it is still necessary to correlate such results with those from infectivity assays
in animals. Ceil-based assays may also be useful if properly validated for this purpose.

Studies aimed at investigating the contribution of the various manufacturing steps to reduction of
infectivity' (including precipitation followed by centrifugation or depth filtration, chromatography and
nanofiltration) have accumulated convergent data supporting the removal of infectivity by steps that
are commonly used in the manufacture of plasma-derived medicinal products.®?%% For coagulation
factors derived from cryoprecipitate, downstream fractionation using various precipitating agents or
conditions allow to discard PrP™>E in the precipitates. Reduction level achieved may vary according to
the specific manufacturing process and probably depends on the concentration of the precipitating
agent and salts, and the pH. Chromatographic steps, classically used in the separation of coagulation
factors but also in the purification of other plasma derivatives have been described to remove TSE
infectivity or PrP™ %, Again, the reduction factors may be variable according to the fraction eluted.
However, caution is still needed in the interpretation of those data since the effectiveness of a given
step is dependent on a number of variables including the process conditions and the state/nature of
the agent in the spiking preparation sample and in the spiked product intermediate. Censequently,
effectiveness of removal may vary from one manufacturer to another. In addition, recent studies have
highiighted the fact that removal capacity may be variable according to the state of dispersion of the
agent in the spiking preparation particularly for steps based on retention mechanisms.

Overall, there is a need i) to investigate the partitioning or removal capacities of the various
fractionation steps used in the preparation of the plasma-derived medicinal products, ii) to investigate
the partition and removal of endogenous infectivity and the extent to which this is comparable with
data from spiking studies, iii) to gain better knowledge of the form of infectivity present in blood in
order to confirm the relevance of the spiking material used in the validation studies.
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8. Infectivity in urine

Low levels of infectivity have been detected in urine of scrapie-tnfected rodents by several research
groups and in the urine of deer with Chronic Wasting Disease.> ¢

Gregory et al.®® demanstrated that the disease could be transmitted by intracerebral inoculation of
pooled urine from scrapie-sick hamsters. The infectivity titre of the urine was calculated to be around
3.8 infectious doses/ml. Titration of kidney and urinary bladders from the same animals gave 20,000-
fold greater concentrations. Histologic and immunhistochemical examination of these tissues showed
no indication of inflammation or other pathologic changes, except for occasional deposits of disease-
associated prion protein in Kidneys.

Kariv-Inbal et a/.”% have observed transmission of the disease after intraperitoneal (i.p.) administration
of enriched urine fractions from scrapie sick hamsters. Transmission via the oral route was also
investigated. The recipient hamsters remained without symptoms but secondary transmission was
observed after inoculation of brain extract from an asymptomatic hamster.

Seeger et al.”t have studied transmission via urine using mouse models of chronic inflammation. They
have detected prionuria in scrapie infected mice with coincident chronic lymphocytic nephritis.
Transmission has been shown upon intracerebral inoculation of purified proteins from pooied urine
collected from scrapie sick or pre;;ymptomatic mice. In contrast, prionuria was not observed in scrapie
infected mice displaying isolated glomerulonephritis without interstitial fymphofollicular foci or in
scrapie infected wild type mice lacking inflammatory conditions. :

Prionuria was aiso detected in chronic wasting disease (CWD) of deer. E)éperiments by Haley et al.”?
provided evidence that concentrated urine from deer at the terminal stage of the disease, that also
showed mild to moderate nephritis histopathologically, was infectious when inoculated into transgenic
mice expressing the cervid PrP gene. In addition, the urine collected from the CWD sick deer that was
used for mouse inoculation, showed positive results when assayed for PrP™2 by serial rounds of protein
misfolding cyclic amplification (PMCA) assay. The concentration of abnormal prion protein was very low
as indicated by undetectable PrP™% by traditional assays and prolonged incubation periods and
incomplete TSE attack rates in the transgenic mice.

Using the highly sensitive PMCA technology Gonzalez-Romero et a/.7® and Murayama et 2.’ have
detected PrP™¢ in urine of scrapie sick hamsters. The results by Gonzalez-Romero et al. suggest that
the concentration of PrP™E in urine is in average 10-fold lower than in blood. Animal experiments have

‘demonstrated that jn vitro generated PrP™t by PMCA starting from urine produced a disease

indistinguishable from the one induced by infected brain material.”

Epidemiological evidence in the last 25 years, during which urinary-derived medicinal products and
particularly gonadotrophins have been widely used, does not suggest a risk from sporadic CID. Since
epidemiological evidence Eas identified the few cases of iatrogenic transmission of CID through the use
of pituitary-derived gonadotrophins, it is possible that transmission fram urinary-derived
gonadotrophins would have been detected if it had occurred, ' '
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9, Recommendations and proposals

9.1. Sporadic, genetic and iatrogenic CID and plasma-derived medicinal
products

Cumuiative epidemiological evidence does not support transmission of sporadic, genetic and iatrogenic
CID by blood, blood components or plasma-derived medicinal products.’> 76 12 Nevertheless, rigorous
épidemiotogical studies for tracing blood-related sCID cases have not vet reached sufficient statistical
power to formally exclude the possibility of blood transmission in a small number of cases. Moreover,
the experimental evidence of peripheral tissue infectivity in various subtypes of sCID is very limited
but available data show presence of infectivity in spleen and lymph nodes in human TSEs other than
v(ClD.

The implementation of appropriate actions in relation to CID depends on accurate diagnosis in
suspected cases. There is a potential for diagnostic confusion between sporadic and variant CID,
particularly in younger age groups.

Donor selection criterta include criteria to exclude donors who might be at higher risk of developing
CID. The following permanent deferral criteria are specified in Commission Directive 2004/33/EC:
Persons who have a family history which places them at risk of developing a TSE, or persons who have
received a corneal or dura mater graft, or who have been treated in the past with medicines made
from human pituitary glands.”™ Precautionary recalls of batches of plasma-derived medicinal products
after post-donation reports of CID or CID risk factors in a donor contributed to severe shortages of
certain products.®

On the basis of the current epidemioiogical evidence, the CHMP recommendation that recall of plasma-
derived medicinal products is not justified whetre a donor is later confirmed as having sporadic, genetic
or iatrogenic CID or CID risk factors is maintained.

9.2. Variant CJD and plasma-derived medicinal products

Uncertainties still exist concerning the number of cases of vCID that will occur although the number of
cases Is in decline in the UK and France. Variant CID has a different distribution of infectivity in tissue
outside the central nervous system to sporadic CID.

There is now strong epidemiclogical evidence of human to human transmission of vCiD by blood
transfusion (see Section 4.2). In addition, cne vCID infection was detected in a patient with
haemophilia treated with high doses of intermediate purity factor VIII. Estirmates of the relative risks of
exposure through diet, surgery, endoscopy, blood transfusion and receipt of UK-sourced plasma
products suggest that the most likely route of infection in the patient with haemophilia was receipt of
UK plasma products. At least one batch came from a pool containing a donation from a donor who later
developed vCID.*>77

The following measures are aimed at minimising the risk of transmission of the agent by plasma-
derived medicinal products.

9.2.1. Exclusion Criteria

a) Consideration of Country-based exclusions

There is currently no screening test to detect donors who may be incubating the disease or in the early
clinical stages. Therefore, other approaches are considered in order to try and identify donors who may
present a higher risk. :
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UK plasma
Residence in the UK is a recognised risk factor for vCID and has led to the UK deciding no longer to

fractionate from UK plasma.

Exclusion of donors based on cumulative period of time spent in the UK )

Since UK donors are excluded from donating plasma for the manufacture of plasma-derived medicinal
products in the UK, it is consistent to exclude donors who have spent long periods in the UK, This is
supported by the finding of vCID cases, which have a risk factor of long periods spent in tl'_le UK, in
other countries®,

It is, therefore, recommended that donors who -have spent a cumulative period of 1 year or more in
the UK between the beginning of 1980 and the end of 1996 are excluded from donating blood/plasma
for fractionation. Countries are highly encouraged to choose their national cumulative period limit for
plasma-derived medicinal products according to a nationally caiculated benefit/risk balance, which will
take into account the endogenous risk of BSE exposure {(and introduction in the food chain) and the
risk of shortages of blood and plasma for the manufacture of medicinal products. The national limit is
recommended to be of cumulative periods in the UK below or equal to 1 year.

Countries may still apply a stricter limit than 1 year for exclusion of donors for blood/plasma collected
for fractionation within the country {e.g. 6 months) but will accept plasma-derived medicinal products
from other countries provided that at least the one-year time limit is applied.

The rationale for this recommendation is to exclude donors who have the highest individual risk from
stays in the UK and to be consistent with the UK decision to no longer fractionate from UK plasma. This
is further explained in the first version of this Position Statement published in February 2003.%°

French plasma and plasma from other BSE—exposed European countries

France published an analysis. of the risk of transmission of vCID by blood and its derivatives sourced
from French plasma in December 2000.7%9 This concluded that plasma collected in France could
continue to be used for fractionation. The safety margin for plasma-derived medicinal products was
considered to be sufficient. However, introduction of additional steps to further increase the safety
margin of some products was recommended {e.g. nanofiltration of Factor VIII introduced in January
2001). Leucodepletion for plasma for fractionation, as for plasma for transfusion products, was also
recommended in 2001 as a precautionary measure. The subsequent risk-analyses published in 2002,
2003, 2004, 2005, 2007 and 2009 re-confirmed these conclusions and acknowledged that the size of
epidemic was revised to a lower estimate by more recent modeling, and the risk to collect blood from

vCID-incubating donors lower than previously estimated, 72

Based on the limited data on human exposure to BSE-risk materials in other European countries it is
still difficult to estimate the epidemiological risk in those countries which have small number of vCID
cases or have not yet reported any vCID cases.

Donors who have spent a cumulative. period of time in France and other BSE-exposed
countries

Exclusion of donors who have spent a cumulative period of time in France is not recommended
because of the lower risk associated with time spent in France compared with time spent in the UK
{the risk in France is estimated to be 1/10 of that in UK). Since the previous version of the Position
Statement, endogenous vCID cases occurred in some other countries {see Section 2. Human TSEs
current status) placing them close to or lower than France in terms of incidence and ratio of risk in

¥ Two cases in Ireland, two cases in US, one case in France and the Canadian case associated with Iong periads spent in the
UK.
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comparison to UK. Exclusion of donors who have spent time in other European countries having a risk
ratio in the same order of magnitude as France is not recommended.

Concluding remarks

Country-based exclusions may appear unjustified in the sense that the vast majority of donors who will
be excluded will not develop the disease. There is a lack of spare plasma capacity to make up for
shortfalis if countries that are major producers of plasma-derived medicinal products discontinue the
use of nationally collected plasma for fractionation.

" b) Other possible exclusion criteria

Commission Directive 2004/33/EC indicates that further deferral criteria for vCID may be
recommended as a precautionary measure,”® :

Other possible exclusion criteria that could.be considered include permanent exclusion of recipients of
blood transfusion (general exclusion or exclusion of recipients of transfusion in UK®), transplant
recipients, and donors who have undergone neurosurgery.

Caution is needed because of the risk of loss of donors and consequent supply problems. Since such
criteria could apply to both blood and blood components, and plasma-derived medicinal products, it
was appropriate to consider this further within the scope of Directive 2002/98/EC.”® The technical
meeting of blood experts, convened by the Eurcpean Cormmission in January 2004, considered
exclusion criteria, as well as blood component preparation and processing, recipient tracing and
surveillance, and optimal use of blood.”

9.2.2. Leucoreduction and specific prion affinity filters

The benefit of inclusion of leucoreduction to improve the safety of plasma has not been demonstrated.

At present it is not appropriate to recommend the introduction of leucoreduction for the safety of
plasma-derived products.

Efficacy of introducing recently developed affinity media / filters is still under investigation.
9.2.3. Manufacturing processes for plasma-derived medicinal products

The available data support the reduction of infectivity by steps in the manufacturing process.
Manufacturers are required to estimate the potential of their specific manufacturing processes to
reduce infectivity. This should follow a step-wise approach as described below and illustrated in the
accompanying flow diagram. It is recommended that manufacturers consult the relevant competent
authorities at each of the milestones in this estimation. A decision to undertake an infectivity assay
and/or to add a further manufacturing step(s) o increase reduction capacity should only be made after
a careful consideration of all benefit-risk factors for a certain product.

Firstly, manufacturers should compare their own processes to those with published data on reduction
of infectivity in order to estimate the theoretical potential of their specific manufacturing processes to
reduce infectivity. (Flow diagram, step 1)

Whereas the general information available on manufacturing processes provides useful background
information, the actual effectiveness of a manufacturing process might be dependent on the specific

S In April 2004, the UK implemented exclusion of persons who have previously received transfusions of whole blood
components since January 1980, as a precautionary approach.
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process conditions., Manufacturers should consider the relevance of the published data to their specific
manufacturing processes and whether the removal capacity can be expected to be comparable,

If it cannot be concluded that the removal capacity would be expected to be comparable, it is
recommended that manufacturers undertake product-specific investigational studies on key steps in
their manufacturing processes using biochemical assays. Priority should he given to studies on
products with the lowest potential removal capacity. (Flow dr‘agram, step 2)

Investigations using biochemical assays may be sufficient if a clear correlation with infectivity data has
already been established.for similar processes (e.g. ethanol fractionation). If such a correlation is not
astablished (e.g. a nove! step) and the step is considered critical for removal of infectivity for the
specific product (e.g. it is the only step for removal}, the investigations should be confirmed using an
infectivity assay for the critical step(s). (Flow diagram, step 3)

The above steps will allow manufacturers to estimate the reduction capacity of their manufacturing
processes. (Flow diagram, step 4} '

In cases where the overall reduction capacity is limited, manufacturers should consider the addition of
steps that may increase the removal capacity where this is feasible without compromising the safety,
gquality and availability of the existing products. Discussion with the relevant competent authorities is
recommended. (Flow diagram, step 5)

The outcome of the estimates of the theoretical potential of manufacturing processes to reduce
infectivity and the results of product-specific investigational studies should be reported to the relevant
competent authorities for the medicinal products concerned, as information becomes available,
Applicants submitting new marketing authorisation applications for plasma-derived medicinal products
will be expected to include such information in the application dossier. The outcome of the estimation
of the theoretical potential to reduce infectivity should always be included in the application.

In support of these recommendations, CHMP’s Blotechnology Working Party, with the involvement of
external experts, has developed guidance on how to investigate manufacturing processes with regard
to vCID risk.>
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Figure 1: Plasma-Derived Medicinal Products: estimation of potential reduction capacity of specific
manufacturing processes

Important Note: this flow diagram should be read in conjunction with the préceding text in 9.2.3. It is
recommended to consult the relevant competent auihorities at the milestones in this estimation. Give priority
to studies on products with the lowest potential removal capacity.
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4. Estmate reducnon capacity
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Na further aczion

5 Consider addition of step that may increase reduction
capacity

9.2.4. Recall of batches where information becomes available post-
donation

In view of the lack of adequate information on vCiD, it is prudent to recall batches of plasma-derived
medicinal products where a donor to a plasma pool subsequently develops vCID. Recall should also
include medicinal products containing plasma-derived products as excipients. However, in both cases,
consequences for essential medicinal products where alternatives are not available will need careful
consideration by the competent authorities.
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A case-by-case consideration would be appropriate where plasma-derived products have been used in
the manufacture of other medicinal products. This consideration would include the nature of the
product, the amount used, where it is used in the manufacturing process and the downstream

processing.
Look-back to identify the fate of donations should be taken as far as possible. Regulatory authorities,

Official Medicines Control Laboratories, surveillance centres and the supply chain should be informed of
all batches of product and intermediate implicated whether or not supplies of the batch are exhausted.

There is no recommendation to recall batches if information becomes availabie post-donation, which
would have excluded a donor based on his/her stay in the UK since this donation exclusion criteria is a

' very conservative precautionary measure (see 9.2.1).

9.2.5. Albumin used as an excipient or in manufacturing processes

The available data on the removal of infectivity during the fractionation process used in the
manufacture of albumin indicates that.the risk of transmission of infectivity by albumin would be
particularly low. Nevertheiess, in the case of albumin used as an excipient, recall is still recommended
as a precauficnary measure where a donor to a plasma pool subsequently develops vCID. A single
batch of albumin may be used to produce a number of batches of a medicinal product because of the
smail amounts that are typically used as an excipient. As a consequence, a recall could affect complete
stocks of a product and create severe shortages. Therefore, to avoid a negative impact on supply,
companies should consider the origin of plasma and select countries where the probability of having to
recall batches is as limited as possible.

Development of substitutes for plasma-derived albumin used as an excipient or in manufacturing
processes is encouraged although it is recognised that this can be difficult (requiring development and
validation and usually non-clinical and clinical investigations} and should thus be considered as a long-
term approach.

9.2.6. Substitution with alternative products

Use of alternative products to plasma-derived medicinal products could be considered, where these are
available, It is felt that this choice should remain with users, taking into account the needs of the
individual patient. It should be noted that plasrﬁa—derived products such as albumin may be used in
the manufacture of recombinant products.

9.2.7. Optimal Use

Qptimal use of plasma-derived medicinal products is encouraged, as this will maximise the benefits of
the products compared with any potential risk.

9.3. Urine-derived medicinal products

The recommendations for urine-derived medicinal products are based on the following considerations:

There is no epidemioiogical evidence of CID and vClD transmission by urine-derived medicinal
products.

TSE infectivity in urine has been reported in some animal models.

The review of manufacturing processes described below.
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Investigational studies of infectivity reduction by the manufacturing processes should be done following
the same general, stepwise approach as recommended for plasma derived medicinal products (see
Section 9.2.3).%

Results from different assay systems are not necessarily directly comparable (Western blot, cell based
assays, bioassay). The approach recommended for plasma-derived medicinal products would be
applicable (i.e. confirm reduction capacity using infectivity assays for steps critical for reduction of
infectivity if a clear correlation between data frormn biochemical assays and infectivity assays has not
been established for similar process steps). For inactivation studies, investigation of different TSE
strains should be considered as they may vary in resistance.

Potential accumulation of prioris on chromatographic columns or a potential batch to batch
contamination due to carry-over of prions should be addressed in the studies.

Bibliographic data could be acceptable as additional supportive data to the investigational studies
provided. Similarity of the compared process and materials should be established, Extrapolation of
results for plasma-derived medicinal products is not justified particularly for chromatographic steps at
the beginning of the manufacturing process because of the high protein content in plasma.

General review of the manufacturing processes indicates that, in each manufacturing process, there is
at least one step that might be theoretically capable of reducing infectivity if it were present in the
starting material. In cases where the reduction capacity is limited, manufacturers should consider the
addition of steps that may increase the overall removal capacity.

For particular products, such as hormones from a relatively small well-defined donor population, some
manufacturers have put in place limited exclusion criteria for the selection of a donor for inclusion in a
donor panel. For other products manufactured from very large donor pools (e.g. urokinase), such
measures are more difficult to apply.

Urine should be collected from countries where there is a surveillance system for both human and
animal TSEs. It is noted that urine-derived medicinal products are not sourced from urine collected in
the UK,

On the basis of these considerations, the use of exclusion criteria for selection for a donor panel are
encouraged, as a precautionary measure, where feasible. The same exclusion criteria should be applied
with respect to CID and vCID as used for blood/plasma donors providing starting material for the
manufacture of plasma-derived medicinal products. Although these criteria would not be checked at
each donation unlike blood/plasma donors, manufacturers should follow up the donor criterla at
defined intervals. The exclusion of donors with known inflammation of kidney and/or chronic renal

inflasnmatory diseases is encouraged.

Record keeping for traceability is recommended for products where it is possible to trace back to donor
level.
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Risk reduction strategies for variant Creutzfeldt—Jakob
disease transmission by UK plasma products and their impact
on patients with inherited bleeding disorders
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Summary. The appearance and rapid evolution of
BSE in UK cattle in the mid 1980s, with compel-
ling data supporting variant Creutzfeldt-Jakob
disease {vCJD) as its human manifestation, pose a
potentially: severe threat to public health. Three
clinical cases and one asymptomatic case of vCJD
infection have been reported in UK recipients of
non-lencodepleted red cell transfusions from do-
nors subsequently diagnosed with vCJD. Plasma
from both these and other donors whd later
developed vCJD has contributed towards plasma
- pools used to manufacture clotting factor concen-
trate, The United Kingdom Haemophilia Centre
Doctors’ Organisation (UKHCDO) Surveillance
Study has detected asymptomatic vCJD postmor-
tem in a haemophilic patient treated with UK
plasma products including two batches of clotting
factor linked to a donor who subsequently devel-

oped vC]D.-Over 4000 bleeding disorder patients
treated with UK plasma products are recorded on
the UKHCDO National Haemophilia Database.
The risk of vC]D transmission by plasma products
is not known. However, public health precautions
have been implemented since 2004 in all UK
inherited bleeding disorder patients who received
UK-sourced plasma products between 1980 and
2001 to minimize the possible risk,k of onward
vCJD transmission. We evaluate vCjD surveillance
and risk management measures taken for UK
inherited bleeding disorder patients, report current
data and discuss resultant chailenges and future
directions.

Keywords: haemophilia, inherited bleeding disor-
ders, UK plasma products, variant Creutzfeldt-Jakob
disease

Introduction

The Arst reports of a prion disease in humans,
Creutzfeldt-Jakob disease (C]D), appeared in the
1920s [1,2] with a distinct clinico-pathological
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variant being described in 1996, variant Creutz-
feldt—Jakob disease (vCJD) (3] in which significant
involvement of lymphoreticular tissues was demon-
strated [4,5). Compelling epidemiological, clinical,
neuropathological and experimental data support
vCJD as the human manifestation of bovine spong-
iform encephalopathy (BSE) [4,6,7), an epidemic of
which occurred in UK cattle in the 1980s and early
1990s. The incidence of BSE peaked in 1993, and
while the precise origin of the BSE epidemic remains
unclear, there is little donbt that the rendering
practices employed at that time significantly contrib-
uted to its rapid spread throughout the UK. Feeding
cattle and sheep ruminant-derived protein was

308

158



306 C.M.MILLAR etal

“banned in 19388 8], with an ensuing fall in the
number of BSE cases. However, such measures were
not taken in time to prevent the introduction of
BSE-infected cattle carcasses into the human food
chain. By January 2010, 167 clinical cases of vCJD

-attributable to dietary exposure had been reported in
the UK by the National Creutzfeldt-Jakob Disease
Surveillance Unit {NCJDSU), a majority of which
have been confirmed by neuropathological examina-
tion [9]. Much lower but increasing numbers of cases
have been reported worldwide, the majority of which
are believed to have contracted vCJD} in their country
of origin [10], probably as a result of the export of
UK animals andfor ruminant feed. Although the
annual incidence of clinical vCJD in the UK has been
steadily declining since 2000 and the extent of the
primary vCJD outbreak has been several magnitudes
less than previously predicted [11,12], limited infor-
mation is available to provide accurate estimation of
the number of future clinical cases. Where genetic
information is available, all confirmed clinical cases
of vC]D have thus far been shown to be homozygous
for the methionine residue at codon 129 of the prion
protein gene (PRNP). However, a suspected clinical
case of vCID in an individual heterozygous for
methionine/valine has recently bzen reported [13].

Transfusion transmission of vC]D: early
perception of risk, risk reduction measures and
plasma product recalls

Distinct from the number of new clinical cases is the
unknown prevalence in the UK of presymptomatic,
or subclinical, vCJD infection, i.e. where asymptom-
atic individuals harbour vCJD infection as discussed
elsewhere [10,14]. It is from this group of individuals
that the risk of secondary vCJD transmission arises,
with the characteristic prominent lymphoreticular
phase giving rise to the possibility of transmission via
surgical instruments, blood and blood products and
organ (including bone marrow) transplantation. This
differs from classical sporadic CJD, which has been
shown to be transmissible by neurosurgical instru-
ments, pituitary derived hormones and corneal
transplants but in which transmission by blood or
- blood products has not been demonstrated [15-21].
The widespread transmission of hepaiitis C and
human immunodeficiency virus (HIV) infections by
plasma products prior to 1986 raised ongoing
concerns about the possible emergence of new
blood-borne pathogens. These led to the publication
of therapeuntic guidelines by the United Kingdom
Haemophilia Centre Doctors’ Organisation (UKHC-
DO) recommending, where possible, that plasma-
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derived factor VIII (FVIII) and factor IX (FIX)
concentrates be replaced with recombinant products
in the trearment of patients with haemophilia A and
B {22]. The first report of clinical vCJD cases in 1996
[3] raised concerns amongst UK haemophilia clini-
cians that the Infective agent may be transmissible by
blood products {23]. Around the same time, a
collaborative study, the Transfusion Medicine Epi-
demiology Review {TMER), was established between
the NCJDSU and the four UK blood services (IJKBS)
with the aim of identifying any association between
CJD (including variant) and blood transfusion [24}.
At that time, 17 pdtients were recorded as having
donated blood prior to being diagnosed with vC]D
and there was concern that there may be many more
infected, yet asymptomatic individuals amongst the
donor population. It was estimated that even a
modest prevalence of vCJD in the general population
could result in an infected donation entering the
plasma pools from which clotting factor concentrates
were prepared. Together with the almost exclusive
restriction of vCJD to the UK at that time, these
concerns greatly influenced the UKHCD O’s decision
in 1997 to recommend the use of bovine material-
free recombinant products, as well as fractionated
products from non-UK plasma donations [23].
Treatment with recombinanr factor concentrates
was funded in 1998 for haemophilic patients aged
<16 years and was extended to include all adult
patients by ascending age from 2003/2004 and
completed in 2005/2006.

In the absence of a test to detect preclinical vCJD
infection, 2 number of precautionary donor selection
and component processing measures have been
introduced since 1998 to minimize the possible risk
of secondary vCJD transmission by blood and its
components {Table 1} [25-29]. The uncertainty of
vCJD transmissibility by plasma products led to the
recommendation by the Committee for Proprietary
Medicinal Products that a product be recalled where
a donor subsequently diagnosed with vCJD had
coniributed to the plasma pool (termed an ‘impli-
cated’ batch} [30]. In 1997, there were two Bio
Products Laboratory (BPL, the plasma fracrionator
far the UK National Blood Service} recalls of clotiing
factor concentrates {31], both of which included
batehes of in-date FVII concentrate.

The first risk assessment of plasma vCJD
infectivity

Theoretically, the degree of exposure of an individual
recipient to vCJD infection is dependent on the
prevalence of subclinical infection within the donor
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Table 1. Measures taken in the UK to minimize risk of variant
Creurzfeldt-Jakob disease (vC]D) transmission by blood and
plasma product transfusion.

1. Rarjonalization of clinical use of blood and blood products.
Department of Health initiatives: Beer Blood Transfusion
1998, 2002, 2007

II. Donor selection
a. Use of non-UX doners for plasma product fractionation

{announced 1998, implemented 1999}
b. Use of non-UK plasma dorors in under 16 s or adule
recipients of large plasma volumes (2002}

c. Exclusion of recipients of blood transfusion since 1980 from
denor pool {2004) -

d. Exclusion of individuals from donor pool who are unsure
whether they have received a bload transfusion since 1980
(2004).

e. Exclusion of donors where recipients have developed vCJD
where blood transfusion cannot be excluded as source of
vG]D and where no infected donor has been identified (2005)

III. Component processing
a! Lencodepletion of all blood produces to white cell

concentration <108 L7 (announced 1998, implemented

© 1999)

b. Use of recombinant factors in selected patients with

haemophilia A and B (1998} and all others {2003-2005)

IV. Product recall where donor confirnted as suffering from vCJD

found to have contributed to plasma pool

Table 2. Possible determinants of risk of variant Creurzfeldt—
Jakob disease [vC]D) transmission by transfusion of blood and
plasma products.

1. Levels of infectivity in donor populadon
a. Prevalence of sub-clinical infection — geographical variation
1. Exposure of recipient to infected donors
a. Infectivity of donation within incubation period
b. Quantity of plasma/leucocytes within component
¢. Number of donors contributing towards component/size of
plasma pool
d. Number of transfusions received’
e. Manufacturing process: e.g. leucodepletion, plasma fraction-
ation, inactivation procedures
NI Susceptibility of recipient
a. Genotype ¢.g. codon 129 PRNP
b. Age
c. Other

population, the manvfacturing process of a given
blood component and the number of transfusions
received (Table 2). The partitioning of prion
infectivity during the manufacture of plasma prod-
ucts has been extensively investigated and is reported
elsewhere [32-37]. In addition, there is individual
variation in susceptibility to infection, with possible
influences including age and PRNP genotype. An
independent assessment of the risk to patients of
exposure to vCJD infectivity in blood products was
carried out on behalf of the Depariment of Health
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{DH) by Det Norske Veritas Consulting (DINV) and
reported in 1999 [38]. To estimate the numbers of
new infections and possible resultant vCJD cases, the
authors attempted to estimate the proportion of UK
bloed deonations that may be infected with vCJD, the
possible level and distribution of vCJD infectivity in
blood components and plasma products derived
from those donations and the likely level of éxposure
to infectivity of defined sets of patient groups:
Substantive data surrounding several of the variables
used in these calculations were lacking, necessitating
various assumptions and that data be extrapolated
from spiked animal models {39,40}). Based on the
assumption that blood is equally infective through-
out the incubation period of the disease, the likely
proportion of infected donations was estimated as
between 17200 and 1/10%, depending on the median
incubation period of the disease. Over the same
range of infected donations, the recipient’s risk of
infection was predicted to range between unity and
1/10%, depending on the patient group. Each infected
donation was estimated to result in 2.6 infected
recipients (assuming roughly equal contributions
from red cell and plasma product transfusions),
approximately 80% of whom may live long enough
to develop vCJD [38].

The subsequent confirmation of a further clinical
case of vC]D in an individual whose blood donations
had previously contributed towards plasma pools
resulted in a further BPL recall in 2000 [41]. Unlike
the 1997 recalls, all batches of clotting factor
concentrate had pagsed their respective expiry dates
at the time of this recall. In Scotland, two donations
from an individual later diagnosed with vCJD had
congributed to the Scottish National Blood Transfu-
sion Service {SNBTS) fractionation pools, and the
affected FVIII and FIX products that had been issued
to centres in Scotland and Northern Ireland between
1987 and 1989 were described in.the SNBTS
notification of 2001.

"Management of early plasma product recalls

At the time of the 1997 and 2000 BPL and 2001
SNBTS notifications, the haemophilia centres issued
with implicated batches of clotting factor were asked
to return any remaining siock and recall any
remaining unused batches supplied to patients. No
public health precautions were advised at the time of
these recalls. The 1997 product recall letters from
BPL to haemophilia centres cited the following
advice that had been provided by the ethics commit-
tee local to the NCJDSU: ‘the recipients {patients)
should not be informed that the product that they
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had received has been recalled for this reason
[subsequent diagnosis of vCJD in donor] [31)’. In
response to queries raised by clinicians and hospital
trusts about this directive, the DH confirmed to
medical directors that patients who had received
implicated blood products should not be informed
{42). This was based on three considerations: first,
that it was not known (the word used was ‘unlikely’)
whether vCJD was transmissible by blood products;
secondly, that there was no diagnostic test in
existence, and finaily that no preventative treatment
was available. The consensus given by the DH at the
time was that patients would ‘not benefit from this
knowledge, and that uncertainty created by inform-
ing patients could cause unjustified worry and create
a permanent blight on their lives’ [42]. However,
many haemophilia physicians either directly in-
formed patients who had received an implicated
batch, or provided all their patients with information
about vCJD, giving them the option to be informed
whether or not they had received an implicated
batch{es). In the case of paediatric patients, parents
were similarly contacted. The establishrnent of -the
CID Incidents Pane! (CJDIP) in 2000 on behalf of the
Chief Medical Officer provided an independent
expert committee that advised on issues involving
possible vC]D transmission in healthcare settings.

vCJD surveillance in UK patients with inherited
bleeding disorders

Over 20 000 UK patients with inherited bleeding
disorders are currently registered on the National
Haemophilia Database (NHD) of whom around one-

fifth have been treated with clotting factor concentrate

derived from UK-sourced plasma donations. A pilot
retrospective histopathological study of the brains of
22 haemophilic patients who died of HIV-related
_ illnesses during part of the period of potential vCjD

infection showed no evidence of vCJD [43]. A 5-year
surveillance study of patients with haemophilia was
comrnissioned and funded by the DH in 2000 and co-
ordinated by the UKHCDO following ethical ap-
proval being given by the London Muli-Centre
Research Ethics Committee {MREC/01/2/11). The
aims of this study were to determine the extent of
exposure of individual patients with inherited bleeding

disorders to implicated batches of clotting factor.

concentrate, to analyse tissue biopsies and autopsy
material for vCJD and tonotify possible and confirmed
clinical cases of vCJD in the UK haemophilic popula-
tion. It was hoped that all haemophilic patients
undergoing surgical procedures involving the central
nervous system and lymphoid tissue {including tonsil,
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lymph nodes and spleen) would consent to participate
in the study. It was anticipated that in addition to
facilitating the appropriate monitoring and long-term
follow-up of patients, the findings from this study
would inform future assessments of the risk of vCJD
transmission posed by plasma products. The control
group comprised haemophilic patients who had not
received known implicated batches of clotting factor.
At the outset of the study, haemophilia centres were
provided with details, including issue dates of known
implicated BPL or SNBTS batches they had received .
and requested to provide recipient data identifiable
only by the patient’s unique NHD number and date of
birth. Participation in this study was voluntary. The
data to be collected and recorded in a special file on the
NHD was the degree of exposure to UK plasma
products between 1980 and 2001, including the dates
of first and last exposure to an implicated batch and its
quantity.

Second risk dssessment and CJDIP
recommendations

Concern about the possibility of vCJD transmission
by blood and blood products was heightened fol-
lowing the demonstration of blood transmission of
BSE in a sheep model [44]. Unlike previous exper-
imental models in which prions were inoculated by
the intracerebral route, the sheep in this study had
been orally infected with BSE and were therefore
more representative of the situation in humans.
Furthermore, transmission was shown to oceur with
blood taken during both the preclinical and clinical
stages of infection [45).

A second DNV risk assessment undertaken on
behaif of DH was reported in 2003 {46). This was
conducted to inform the management of individuals
who had received implicated batches of blood and
plasma products. The assessment was based on the
various published experimental data in animals to
model the potential vCJD infectivity in blood and its
various components including plasma products
[15,45,47]. The assumptions of this risk assessment
were accepted by the Spongiform Encephalopathy
Advisory Committee, the Committee on the Micro-
biological Safety of Blood and Tissue, and by the
Committee on Safety of Medicines. CJDIP advised
that surviving recipients of implicated red cell con-
centrates be informed and public heaith precautions
implemented to minimize the risk of secondary vCJD
transmission. Together with batch-specific manufac-
turing data, the risk assessment was used by CJDIP
to estimate the potential vCJD infectivity in each
batch of implicated plasma product. The likely risk

© 2010 Blackwell Publishing Ltd

161



to treated patients was compared with the ‘at-risk’
threshold developed by CJDIP to guide the manage-
ment of other ‘at-risk’ patient groups [48). If patients
had been exposed to a ‘threshold’ of 1% or greater
potential risk of infection over and above the general
risk to the UK population believed to have resulted
from._ dietary exposure to the BSE agent, CJDIP
advised that they should be notified and requested to

take public health precautions. This 1% additional”

risk equates to an exposure of 0.02 1D, which is the
equivalent level of infection at which public health
‘precautions are implemented for patients exposed to
vCJD via surgical instruments [49]. For each of the
major assumptions underlying the risk assessment,
the most precautionary option was chosen. The
implicated plasma products were divided into three
groups based on the assessed risk {$0]. Amongst
those considered to pose a high risk were FVIIL FIX
and antithrombin concentrates, of which as little as
one vial of treatment led to an exposure in excess of
the defined risk threshold. Products in the medium-
risk group included those in which exposure to
substantial quantities was required to reach the risk
threshold such as immunoglobulins, and the low-risk
group comprised products with such low levels of
potential infectivity as could effectively be ignored as
causing any additional vCjD risk. The low-risk
group also included some FVIII products that had
been manufactured using implicated albumin as an
excipient. Details of the majority of batches of
implicated plasma products and their distribution
. directly to centres or through consignees were
provided by BPL and SNBTS. To reduce the possi-
bility of onward iransmission of vCjD, it was
recommended by CJDIP in 2004 that public health
precautions, be taken in recipients of ‘high risk’, and
‘medinm Tisk’ implicated plasma products who had
exceeded the 1% additional risk threshold.

Transmission of vC]JD by blood transfusion

The CJDIP recommendations to implement public
health measures in ‘at-risk’ recipients of implicated

red cell and plasma products were reinforced by the-

subsequent recognition of the first case of vCJD
transmission by blood transfusion [51]. TMER sur-
veillance of the 66 recipients of red cell transfusions
derived from the 17 vCJD patients who had previ-
ously donated blood has established that of the 24
identified recipients who survived more than § years
following. transfusion, three to date have shown
evidence of vCID infection [52]. In addition to these
three clinical secondary cases of vC]D [51,53,54], a
further asymptomatic case has been reported, in
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which the patient died from unrelated pathology with
no evidence of neurological disease, but with post-
mortem evidence of prion accumulation in lymphaore-
ticular tissue [55). All affected red cell donations are
known to have been made relatively close to the onset
of clinical symptoms in the donor, consistent with the
increasing level of prion infectivity demonstrated
throughout the incubation period in some animal
models [$56]. The incubation period in these second-
ary transfusion transmitted cases was around half the
length of that estimated for primary oral infections
from BSE. All three clinical cases were methionine
homozygotes at codon 129 [51,53,54], while the
asymptomatic case was methionine/valine heterozy-
gous [55]. As a significant proportion of patients in
the TMER recipient cohort did not survive long
enough to develop clinical disease should they have
been infected by vC]D, it is possible that the observed
number of infected recipients underestimates the
transmissibility of vCJD by blood transfusion. Like-
wise, it is possible that other surviving recipients are
currently harbouring subclinical infection.

2004 vCJD plasma product patient notification
exercise

UKHCDO advice

By the time of the 2004 CJDIP recommendations, the
fate of products mannufactured from 23 plasma
donations derived from nine UK plasma donors
who later developed vC]D had been established.
These donations had undergone fractionation to
produce albumin, immunoglobulin and clotting fac-
tor concentrates, including 16 batches of FVIIl and
eight batches of FIX that were distributed in the UK.
TMER surveillance identified that these donations
included plasma from at least one donor who, it is
likely, had already transmitted vCJD via red cell
concentrates [57]. At this time, it was considered
likely that further batches of UK-sourced- plasma
products would become implicated as future vCJD

- cases arose. Therefore, to prevent secondary spread

to other patients a ‘population’ or ‘umbrella’
approach was implemented in patients with inherited
bleeding disorders who had received UK plasma-
sourced products between 1980 and 2001. This
policy was advised by UKHCDO and endorsed by
CJDIP, DH and the Haemophilia Society, the UK
charity representing patients with inherited bleeding
disorders. As a result, all patients with bleeding
disorders who had been treated with UK-sourced
pooled factor concentrates between 1980 and 2001
were considered to be ‘at-risk’ of vCJD for public
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health purposes and precantions were required to
minimize the potential risk of secondary transmis-
sion. The start date of 1980 was when BSE was
believed to have entered the human food chain and
the end date of 2001 was the last possible expiry date
of any product manufactured by UK fractionators
and sourced from UK donors. This approach was
based on the assumption that many further vCJD
implicated batches of clotting factor concentrate
would subsequently be identified and that only small
volumes of implicated FVII or FIX treatment were
required for the recipient to be deemed ‘at-risk’ of
vC]D. It was anticipated at that time that extending
the ‘at-risk’ group of patients with inherited bleeding
disorders and anti-thrombin deficiency in this way
would significantly reduce the risk of secendary
vCJD transmission. Such an approach differed from
that taken in patients with primary immunodefi-
ciency disorders in whom immunoglobulin forms the
mainstay of treatment. As much larger quantities of

this product are required to reach the ‘at-risk’

threshold, individual risk assessments were under-
taken in these patients.

National advice: HPA responsibilities

The patient notification exercise was conducted in
September 2004 and coordinated on behalf of the
DH by the Health Protection Agency (HFPFA) in
England, Wales and Northern Ireland, and the
Scottish Centre for Infection and Environmental
Health. Several professional and patient organiza-
tions, support groups and other stakeholders were
involved in the consultation, planning and training
for the notification exercise for patients with bleed-
ing disorders, including representatives of UKHC-
DO, UKBS, the plasma fractionators and the
Haemophilia Society. All clinicians responsible for
the care of patients with bieeding disorders were
provided with information to enable them to notify
their patients and advise those for whom public
health precautions were required. A date for con-
tacting patients and their general practitioners was
specified, which coincided with a national press
release. At the same time, the Haemophilia Society
informed its members by post about the notification
process and provided z fact sheet on vCJD.
Haemopbhilia clinicians were provided with infor-
mation sheets and a template letter to patients
drafted by HPA/UKHCDO. Haemophilia centres
were required to trace all recipients of clotting
factors sourced from UK plasma between 1980 and
. 2001 and document their ‘atrisk’ statns in the
patient’s medical records including details of expo-
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sure to implicated batches. Where a patient’s care
had been transferred to another centre, clinicians
were instructed to forward recipient treatment
details to the current centre, which was then
responsible for informing the patient. All patients
with bleeding disorders were to be notified, provided
with written information and given an opportunity
to discuss and find out whether they had received UK -
sourced plasma clotting factors in the specified time
period (and were therefore considered ‘atrisk’), as
well as being given an option to find out whether or
not they had received implicated batches. ‘At-risk’
patients were advised to inform providers of medical,
surgical or dental treatment so that appropriate
measures could be taken to minimize the risk of
secondary vCJD transmission by instruments, They
were also advised to inform their families in the event
that a future emergency situation should arise and
advised not to donate blood, tissues or organs which,
in any event, this patient population is precluded
from, ‘At-risk’ patients were advised that their
clinical care should not be compromised in any
way and invited to discnss the implications of the
ntotification exercise. The original ethical approval
was amended to facilitate recording of these relevant
data for surveillance purposes on the NHD as
previously described, Patients were requested to
contact their clinician should they not wish their
details to be recorded in this way.

BPL responsibilities

Haemophilia clinicians were contacted directly by
BPL or SNBTS with details of any vCJD implicated
batches they had been issued. While this accounted
for the majority of the implicated batches, the data
were incomplete at the time of the 2004 notification
exercise, and the eventual tracing of product distri-
bution of FVIII and FIX concentrate issued in 1988
through consignees resnlted in a further patient
notification in 2006 by which time, this information
had become available,

Haemophilia clinician action

All 104 UK haemophilia centres received details of
the 2004 exercise electronically 2 weeks prior to the
date specified for notifying patients. The notification
process comprised the identification of ‘at-risk’
patients, patient and general practitioner notifica-
tion, NHD notification, responding to patient reply
slips, implementation of patient counselling services
and devising hospital policies through which the
public health measures could be implemented. As
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‘ar-risk’ patients were identified, any who had
recently undergone a surgical procedure involving
specified tissues where the instruments used had not
yet undergone 10 subsequent cycles of use/decon-
tamination would need 1o be identified so that advice
could be sought from CJDIP regarding the quaran-
tine and handling of these instruments. Pertinent to
the notification process was the adoption by hospital
trusts of a multidisciplinary approach with collabo-
rative links formed between haemophilia clinicians,
infection control services, surgeons, gastroenterolo-
gists and others. Education of health care profes-
sionals in each hospital trust was imperative to
enable the effective implementation of public health
- policies in ‘at risk’ patients. The number of patients
with bleeding disorders registered at a given centre
ranges from single figures to over 1500 and there was
significant variation between centres in the resources
available to implement the guidance within the
specified time period. While the use of electronic
records in many centres greatly facilitated the tracing
of clotting factor concentrate, these frequently did
not cover the early part of the 1980-2001 period, a
difficulty that was compounded in some centres by
incomplete or unavailable manual records. Infection
control policies were informed by guidance from the
Advisory Committee on Dangerous Pathogens TSE
Working Group [58] and hospital trusts were
required to devise means to implement the public
health measures in ‘at-risk’ patients,

Variation in implementation of HPA guidance

Based on local knowledge of their patient group,
some clinicians opted to contact only ‘at-risk’
patients to minimize any possible confusion and
prevent unnecessary anxiety in the not insignificant
proportion of patients registered with bleeding dis-
orders who had never received UK plasma derived
clotting factor concentrate. The UKHCDO requested
that haemophilia centres pass on information in
situations where patients had moved to another
centre. The effectiveness of this varied; some patients
were notified by more than one centre, and other
patients may have remained untraced as they moved
between centres. This difficulty in tracing and con-
tacting patients is now being resolved as the
UKHCDO moves towards a data-sharing approach
between centres carrying out public heaith notifica-
tions. While there has been no formal evaluation of
this notification, there have been anecdotal reports of
clinicians notifying only patients known to have
received implicated batches of their vCJD risk status.
Furthermore, as the notification process requested

-
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patients to clarify their ‘at-risk’ status, it is possible
that some patients remain unaware that they pose a
public health risk unless specific action has been
taken by clinicians to inform them.

A lack of understanding of the natvre of the
notification process has resulted in some ‘at-risk’
patients feeling stigmatized, and there have also been
instances of patients being incorrectly labelled as
having, rather than being at risk of, vCJD. Despite
such difficulties, the telephone helplines set up for
patients during the notification exercise as well as
NHS Direct received few calls. Moreaver, the findings
from a study -of other atrisk vCJD individuals are
reassuring; no adverse long-term behavioural or emo-
tional sequelae have been reported in individuals who
have either undergone surgery involving
contaminated instruments or who have donated blood
to patients subsequently dizgnosed with vCJD {$91.

Endoscopy

A significant challenge that has arisen from the
public health notification exercises surrounds ¢ndo-
scopic biopsy. The possible contamination of the
bicpsy forceps and the endoscope channel as a result
of vCJD infectivity in the gut mucosa of subelinicalty
infected individuals [60] led to the 2003 recommen-
dation to quarantine endoscopes and retain their nse
only for the specified patient should invasive proce-
dures such as biopsy or diathermy be required in an
‘at-risk’ patient [58). For several years, the cost
implications that resulted from the individualization
of endoscopes in ‘at-risk’ patients requiring biopsy
were borne by the hospital trust concerned. This
resulred in variation between trusts in the threshold
at which biopsies have been performed in these
patients, thus raising the possibility that patient care
may have been compromised in some cases. In 2008,
the DH provided central funding for the refurbish-
ment of suitable quarantined endoscopes used on
patients at tisk of vC]D (61]. Sufficient resources will
similarly be required to ensure the continued imple-
mentation of appropriate public health measures in
an ageing ‘at-risk’ bleeding disorder patient popula-
tion while maintaining high standards of clinical
care.

UK products distributed to other countries

As well as being supplied throughout the UK,
implicated plasma donations contributed towards
pooled plasma products that have been distributed to
13 countries: Belgium, Brazil, Brunei, Egypt, France,
India, Ireland, Israel, Jordan, Netherlands, Oman,
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Turkey and the United Arab Emirates. It is estimated
that patients in. at least four of these countries have
been exposed to a level of infectivity exceeding the
‘at-risk’ threshold and the relevant Health Ministries
have been contacted by the HPA and informed of the
UK approach to risk assessment and patient notifi-
cation. In the United States, a recent Food and Drug
Administration risk assessment has concluded that
the risk of vC]D infection from FVIII concentrate is
very low [62]. :

Current results of the notification exercise and
UKHCDO surveillance study

Patient exposure to UK plasma products including
vC]D implicated batches

The collection of data of patients who received
implicated batches and its entry on the NHD remains
ongoing and has been greatly assisted by online
registration. Annual returns historicaily provided by
haemophilia centres to the NHD detail patient’s
treatment including product type and adverse events.
From these data, it has been possible to estimate the
number of patients treated with UK plasmia products

between 1980 and 2001. Furthermore, details of
patient exposure entered into the database have been
cross-checked against batch information provided to
individual centres by BPL to establish the extent to
which implicated batches are accounted for.
Recently, similar total data for implicated batches
supplied by SNBTS has been provided. This aundit
indicates that not all of the recipients for some of the
batches have been notified 1o the NHD.

Using the NHD annual data, the estimated numnber
of patients who received UK plasma products between
1980 and 2001 is 4581, of whom 792 are notified as
having been treated with one or more than one
implicated batch. The units of treatment received by
the latter group of patientsaccount for only 12.7 of the
23.7 million units of implicated batches released and
792 is therefore an underestimate of the number of
patients treated with an implicated batch, The quan-
tities of each released implicated batch supplied to UK
haemophilia centres together with the units accounted
for in the notification exercise is presented in Table 3.
The percentage of each batch that is accounted for is
also shown. For some of these batches, the accounting
of use by the patient notification exercise iz disap-
pointingly low. The reasons for the low notification of

Table 3. Implicated batches of clotting factor concentrate by batch number, product name, release and expiry dates, and units released and

used,
Batch Product Sum of % Units
number name* Factor type Release date Expiry date Units released °~ unitsused  accounted for
FHRB4114 8Y VIII June 1992 - April 1555 775 000 280 710 36
FHB4189 8Y vaur April 1993 March 1526 1233 500 735725 55
FHB4419 8Y VIl July 1955 June 1998 1 022 000 655 600 64
FHB4547 8Y Vil September 1996  September 1957 902 000 873 821 94
FHB459s 8Y VIII May 1997 March 2000 1 398 500 1054 410 75
FHC0059 -8y Vi September 1988 July 1989 528 720 58 560 11
FHC0289 8Y VIl May 1990 March 1993 633 500 266 360 41
FHC0362 8Y VI December 1990 October 1593 604 500 192 060 32
FH(C4237 8Y Vi March 1994 Qcrober 1996 1268 500 982 977 774
. FJA00Z0 9A X Qctober 1988 August 1982 533 500 83 025 16
FJA0092 _ 9A B May 1990 April 1991 511 800 92 990 18
- FJA4239. SA IX July 1593 December 1596 251 000 141 435 56
FJA4308 9A X June 1954 April 1957 573 000 379 540 66
FHM399 High Purity F§ ° Vil November 1991 April 1994 81Z 000 169 0S5 20
FHM405 High Purity F8 VIl May 1992 October 1994 905 500 304 500 33
3502-~70210 HT DEFIX X Not known Not known 230 184 216 220 93.9
FHE4437 REPLENATE Vil September 1995 July 1997 1 547 000 818 035 52
FHE4536 REPLENATE Vil September 1996 July 1998 2 069 000 1224270 59
FHE4548 REPLENATE Vil October 1996 September 1938 1 690 000 265 400 57
FHF4625 REPLENATE VIl July 1997 June 1993 2 250 000 1035 200 45
FIM4327 REPLENINE X QOcober 1994 February 1996 1 807 500 1132 915 70
FiM4437 REPLENINE X November 1995 March 1957 832 500 379 380 45
FiM4536 REPLENINE X April 1597 September 1928 838 500 592 380 70
FIM4625 REPLENINE X July 1997 November 1998 875 000 22 145 5
0304-70510 Z8 VIII Not known Not known 123 690 16 150 13
0301-70320 Z8 VH{ Naot known Not known 125 440 Nor known 0

*For further detzils [see ref. 22].
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some implicated batches are not known, although
patient refusal for the inclusion of their data may be a
contributory factor. The last year an implicated batch
was identified was 1999 and no further blood donors
who donated plasma prior to developing vCJD have
been identified since the 2004 notification.

Tissue-based vCJD surveillance

Following the 2004 notification exercise, the vCJD
surveillance study was extended and remains ongoing,
although the number referred for postmortem remains
low. There were 669 deaths in bleeding disorder
patients between 2004 and 2008 including 269 treated
with UK plasma products and 37 recipients of impli-
cated batches. However, only a small number of study
postmortems have been performed [63]. The report of
the first asymptomatic case of probable transmission
of vCJD by clotting factor concentrates [63] empha-
sizes the need for higher recruitment to this study if we
are to improve our understanding of the risk of vCJD
transmission via ‘infected plasma products. Active
vC]D surveillance of prospective tissue samples and
autopsy material continues. The Office of Narional
Statistics has provided information about deaths of
haemophilic patients including whether the death
certificate indicates that a postmortem was or may
have been domne. This is currently under investigation
in the hope of providing further postmortem material
for study.

Information to patients (February 2009}

The postmortem arm of the surveillance study has
detected PrP™ in the spleen of a patient with
haemophilia who had had no evidence of any
neurological disorder while alive [63]. This patient
was known to have been treated with at least one
implicated batch of BPL FVIII 8Y. A decision was
made to inform bleeding disorder patients of this
finding even though the investigation of this case was
continuing. A toolkit of letters and information
sheets prepared by HPA/UKHCDO was elecironi-
cally mailed to all Haemophilia Centres with instruc-
tions for patients to be informed as soon as possible
by post. Many centres decided to post letters to only
the patients in the at-risk group.

Further investigation of this patient’s complete
clinical records showed that he had received trearment
with UK-sourced FVIII concentrates including two
implicated batches of 8Y, each of which contained a
plasma donation from the same donor who subse-
quently went on to develop vCJD. The patient had
also been transfused with 14 units of red cells between

® 2010 Blackwell Publishing Ltd
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1998 and 2007 and had had invasive endoscopies.
Further information about this is contained in a
separate paper [63]. Of these potential risk factors, the
only link to contact with a patient with vCJD was the
two implicated 8Y batches. A further risk assess-
ment by the Department of Health interprets the most
likely source of vCJD in this patient as being
‘treatment with UK plasma products [64].

Whilst to date no haemophilia or bleeding disorder
patient has been diagnosed with, or died from, clinical
vC]D, this information has increased anxiety among
some at-risk patients as this is the first information
linking treatment with an implicated batch and the
detection of PrP™* in lymphoid tissue in a patient with
haemophilia. However, it is too early to estimate the
full implications of these findings on this group and
‘other people treated with blood and plasma products
produced in the UK from UK-sourced plasma.

Conclusions

The risk of transmission of viruses by plasma products
including HIV and hepatitis C has been virtually
eliminated since the introduction of improved donor
selection and testing and the employment of effective
virdl inactivation processes in 1986. However, new
concerns regarding the safety of UK blood and plasma
products have arisen following the emergence of
vCJD. An early precantionary approach was adopted
in UK bleeding disorder patients with' the aim of
minimizing the possible risk of vCJD transmission
and its secondary spread. These include their exclu-
sion as blood and tissue donors; an approach that has
subsequently been extended to include all recipients of
cellular blood products in the UK. Public health
measures were implemented in 2004 in all patients
who had received UK pooled plasma clotting factor
concentrates between 1980 and 2001, irrespective of
whether these had contained plasma from a donor
known to have later developed vC]D. Challenges have
resulted from this approach and these have been
discussed in this paper. Our understanding of the risk
of vCJD transmission by plasma products has -
increased over tme and informed risk reduction
measures. Since the 2004 public health notification
exercise, the numbers of new clinical vCJD cases in
the UK have declined and no further vCJD patients
have been identified as having previcusly donated
implicated blood or blood products. However, the
prevalence of subclinical vCJD infection in the general
population, including the extent of infection among
methionine/valine heterozygotes and valine/valine
homozygotes, remains unknown. It is also not known
how soon a suitable validated screening test for vCJD
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will become available. Although the current risk
assessment indicates that only small volumes of
implicated clotting factor concentrates are sufficient
to cross the additional 1% risk threshold at which
public health measures are required, vCJD infectivity
amongst implicated batches varies. The recent iden-
tification of the first case of asymptomatic vCJD in a
haemophilic patient [63) as well as the report of vCJD
in a methioninefvaline heterozygous individual [13]
highlight the need for the continued surveiilance of
individuals in the ‘at-risk’ population, including
patients with inherited bleeding disorders. Attempts
to improve the numbers of postmortem examinations
by patients consenting in life or by censent of
bereaved relatives needs urgent consideration. Pa-
tients who have received implicated batches are
currently undernotified to the NHD. Taken together
with the unknown prevalence of the abnormal prion
protein associated with vCJD among blood donors
and the absence of a validated test, continued
employment of the population approach appears to
be the best means of reducing secondary spread of
vCJD between patients, including those with bleeding
disorders. Further follow-up may lead to improved
understanding of the risk of vCJD to this patient
population and the re-evaluation of the current
considered ‘at-risk’ groups for public health purposes.
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Variant Creutzfeldt-Jakob disease in a transfusion recipient:
~ coincidence or cause?

Gurjit Chohan, Charlotte Llewelyn, Jan Mackenzle, Simon Cousens, Angus Kennedy, Robert Will,
and Patricia Hewitt

BACKGROUND: To date there have been four
instances of infection transmitted through blood transfu-
sions derived from individuals who later developed
variant Creutzfeldt-Jakob disease (vCJD}. The identifi-
cation of further transmission of vCJD through this route
would have important implications for risk assessment
and public health,

STUDY DESIGN AND METHODS: Through the UK
Transfusion Medicine Epidemiology Review (TMER) the
fate of blood donations from individuals who develop
vCJD is traced and recipients of labile components are
identified. The details of recipients are’cross-checked
with the register of vCJD cases held at the National
CJD Surveillance Unit (NCJDSU) to identify any linkage
between donors and recipients. In the reverse study,
when individuals with vGCJD are found to have a history
of blood transfusion the donors of the transfused blood
components are traced and their details cross-checked
with the vCJD register to identify any missed or unrec-
ognized linkage beiween donors and recipients.

CASE REPORT: A case of vCJD has been identified
with a history of blood transfusion in infancy. The
donors who provided the components transfused
cannot be identified, but a blood donor known to have
donated blood to another individual who subsequently

. developed vCJD could have been a donor to the index
case.

RESULTS: The at-risk donor is alive 20 years after the
relevant donation and centinued to donate for some
years, until identified as at risk, with 27 other blood
components issued for use in patients, none of whom
are known to have developed vCJD.

CONCLUSION: Circumstantial evidence has raised the
possibility that the case in this report represents a
further instance of transfusion transmission of vCJD.
However, detailed investigation indicates that the
pattern of events may have occurred by chance and
disease in this individual may have been caused by
transmission of bovine spongiform encephalopathy
infection, as is the presumed cause in other primary
cases of vCJD.

he Transfusion Medicine Epiderniology Review

{TMER) is a collaborative study between the UK

National Creutzfeldt-Jakob Disease Surveillance

Unit (NCJDSU) and the UK Blood Transfusion -
Services (UKBS), which was set up in 1997 to identify
whether variant Creutzfeldt-Jakob disease (vC]JD) was
transmissible through blood transfusion. Results from the
TMER up to January 3, 2006, have been published.! In this
article we report on the subsequent identification of a
possible link between two vCJD cases who could have
received transfusions from a common deonor, although
this cannot be confirmed.

To date, four instances of probable transrnission of
vC]D by blood transfusion have been identified by the
TMER, including three clinical cases of vCJD and a sub- or
preclinical infection."? Current surviving recipients
(n=21) of blood transfusions derived from individuals

ABBREVIATIONS: TMER = Transfusion Medicine Epidemiclogy
Review; UKBS = UK Blood Transfusion Services; vCJD = variant
Creutzfeldt-Jakob disease.
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who later went on to develop vCJD have been informed
that they are at greater risk of developing vCJD and,
although the level of this risk is uncertain, the four infec-
tions through blood transfusion identified to date have
developed in a cohort of only 32 individuals who have
survived at least 5 years since transfusion.

The identification of further instances of transfusion
transmission of vCJD would have important implications
for the assessment of risk and for public health. This case
report describes the development of vC]D in an individual
with a history of bloed transfusion derived from donors
who cannot be identified but it is possible, based on
detailed investigation, that one of the four donors may
have been a dontor to another vCJD case.

MATERIALS AND METHODS

The TMER study involves the NCIDSU notifying the UKBS
of all incident definite or probable cases of vCJD.} A search
is made via blood donor centers to identify cases that had
previously donated blood components and details of the
recipients of these components are sought. Identifiers of
the recipients are forwarded to the NCJDSU to determine
whether any of these individuals appear on the register of
vCJD cases. The reverse study involves the NCJDSU nati-
fying the UKBS of ali cases of vCJD reported to have
received a blood transfusion and the donors are then
identified through blood centers and the identifiers
checked against the vCJD case register. The study was
granted ethical approval by the local research ethics
committee.

RESULTS

Case report

Individual A was reported as a case of possible vCjD in
2006 and died of pathologically confirmed vC]D 6 months
later, aged 18 years. The age-specific incidence of vCJD in
the 15- to 19-year age group is 0.39 per million. The clini-
cal and pathologic features were characteristic of vC]D,
which are similar in primary and secondary cases of vCjD.
This case was born in 1989 at 29 weeks’ gestation and was
cared for in a special care baby unit (Hospital X} for
approximately 2 months before discharge. The parents
reported a history of blood transfusion during the hospital
admission, as would be expected in a neonate of this ges-
tation. Staff at the NCJDSU later obtained copies of micro-
fiched medical records, from which it was possible to
establish that there were four blood transfusion episodes
in early 1989, during the admission to Hospital X. The
evidence for these transfusions comprised entries in the
clinical notes and records of hemuoglobin measurements.
However, the medical records contained no details of the
red blood cell (RBC) components transfused and no

1004 TRANSFUSION Volume 50, May 2010

copies of laboratory reports or transfusion records that
would altow tracing to specific donors. The hospital blood
transfusion laboratory does not have records dating back
to 1989.

It has been established that the transfusions were
given before the introduction of dedicated RBC units for
neonatal use (which allow 1 unit of RBCs to be divided into
smaller aliquots and used at different times for the same
neonate, thus reducing donor exposure}. It is likely there-
fore that the transfusion episodes represent four different
donor exposures. For each of the four transfusions, a small
volume of RBCs would have been withdrawn from one
adult blood pack.

A second individual (B) developed definite vCID in
1998 and died at the age of 41 years. The age-specific inci-
dence of vCID in the 40- to 44-year age group is 0.08 per
million. He was identified as having received a total of 103
donor exposures during the course of two separate trans-
fusion episodes between June and October 1993, in a dif-
ferenthospital (Y). Because Hospital X (and thus Individual
A) was supplied by the same blood centes as HospitalV and
Individual B, the question arose as to whetherthe two cases
might have shared a common doner.

The 103 donors to Individual B have all been identi-
fied and assessed as being “at risk of vCJD for public health
purposes.” Ninety-nine of these donors are alive more
than 20 years after the transfusions to Individual A and
four have died of causes of death unrelated to CjD or
any other neurologic disorder according to their death
certificates.

From a review of records of the 103 at-risk donors
from 2003, it was established that 18 of the cohort had
donated in early 1989, at the relevant time for transfusion
to Individual A The records of these 18 donors were exam-
ined to determine whether the RBC components donated
in early 1989 were issued to Hospital X, in which Indi-
vidual A had received the blood transfusions. One such
donor has been identified, who donated a unit of RBCs in
early 1989, which was issued to Hospital X 6 days later,
This unit would have been 13 days old at the time of the
first transfusion episode recorded in the medical notes of
Individual A or 29 days old at the time of the next transfu-
sion episode.

The pediatrician at Hospital X, who cared for Baby A,
hag confirmed that in 1989 there were no specific guide-
lines for top-up transfusions of premature babies, There
was no system for allocating a particular unit for sequen-
tial top-up transfusions on the same baby, and provision
of specific neonatal RBC units only came into place in the
mid-1990s. It is probable that, in 1988, standard RBC units
would have been provided of blood group O or A, depend-
ing on the blood group of the baby. The donor in question
is group O. The hospital used “fresher” units by preference,
and it is highly unlikely that they would have used 29-day-
old RBCs, but the pediatrician could not exclude the pos-
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sibility that 13-day-old RBCs would have heen used for a
top-up transfusion. There is therefore a possible commeon
donoy to Individuals A and B.

It should be noted that the potential common donor
made 26 donations in all, and the early 1989 donation was
the first of these. The donor continued donating until
January 2005, The 26 donations were processed and pro-
vided 29 blood components that were issued for direct
clinical use (including the component transfused to Indi-
vidual B, and the RBC unit issued to Hospital X in February
1989) and 11 plasma components, which were issued to
the Bio-Products Laboratory for fractionation, before the
use of UK plasma was discontinued in 1998. '

To assess whether the potential link observed might
be a coincidence rather than reflecting the oceurrence of
two vCJD transmissions from a single donor, further
examination of records was performed to try to establish
the likelihood that a randomly selected donor who
attended in the relevant time period in 1993 (i.e., the time
of the transfusion episodes to Individual B) would, by
chance, also have attended in the time period of the trans-
fusions given to Baby A in 1989. Unfortunately, due to a
change in record systems at the end of 1992, it was not
possible to interrogate individual donor records over
these two time periods.

Donor records over similar time periods in later years
were therefore examined. For example, we identfied
donors during the relevant period in 1997 and looked back
to determine how many of those donors had donated in
thie relevant months 4 years earlier (the transfusion to
Individual A was in 1989 and Individual B in 1993). This
exercise was performed for three combinations of years:
1997/1993, 1998/1994, and 1993/1995.

The results were fairly consistent over the three
periods examined, with 10% to 14% of donors donating in

both the relevant time periods. Hospital X receives

approximately 10% of the blood supply from the blood
center in question, so it would be expected that about 10%
of the (approx.) 10% who had donated at the right time in
1993 would also have donated at the right time in 1989
with the donation being issued to Hospital X. Thus, the
finding that one of the 103 (i.e., roughly 1%) identified
donors who donated to Recipient B in 1993 had also

donated in the period during which Baby A was transfused

in 1989, and whose blood was issued to Hospital ¥, is just
what might be expected by “coincidence,” suggesting that
coincidence cannot be ruled out as an explanation for the
link between the two recipients who developed vCID.

DISCUSSION

The case of vCJD described in this report {Individual A)
received blood transfusions in infancy in 1889, but the

donors who provided these components cannot be idén-

tified because medical records are incomplete for the

vCJD IN A TRANSFUSION RECIPIENT

period in question. Nevertheless, a blood donor who has
been judged to be at risk of developing vC]D, because of a
donation transfused to anctber vCJD case, is known to
have donated blood that could have been transfused to
Individual A. The question is whether the development of
vCID in Individuals A and Bwas caused by transmission of
infection through blood transfusion from a common,
infected donor. While we cannot rule out this possibility,
further investigation suggests the observed pattern of
events would not be unexpected in the absence of any
causal link between the two cases.

Investigation of other donors at the same center indi-
cates that there is a 10% probability that an individual
denor would continue to provide blood over a 4-year
period and a similar chance that this blood was used in
Hospital X where the transfusions to Individual A took
place. The fact that one of 103 at-risk donors provided
blood on two occasions separated by 4 years and that this
blood was used-in a particular hospital is therefore not
surprising. Ii is also of note that 48% of blood donors in
this region are blood group O, as is the “common” donor
and both recipients.

This exercise has highlighted the difficulties in trying
to retrospectively link hospital and UK blood service

" records afteran interval of 18 years. The implementation of

the Blood Safety and Quality Regulations (2005) enacting a
series of EU Directives on quality and safety standards
for UK blood establishments and hospitals now means
that there is a statutory requirement to ensure that systems
are put in place to ensure future full traceability of blood
components issued and for these records to be main-
tained for 30 years. Had this been in place 20 years ago, we
would have been able to establish with certainty whether
or not Individuals A and B shared a common donor.

The at-risk donoris stili alive more than 20 years after
the donation potentially transfused to Individual A and
this would represent protracted survival in an individual
infected with vC]JD.? In the three clinical cases of estab-
lished transfusion transmission the two donors developed
symptoms of vCJI¥ 17, 21, and 40 months after providing
the three implicated donations. However, both these indi-
viduals and all three of their infected recipients were
methionine homozygous at Codon 129 of the human
prion protein gene (PRNP), as were Individuals A and B. It
is possible that individuals with an alternative genotype at
this locus could be infected and survive for many years,
and possibly beyond the normal life span, without devel-
oping clinical disease* The Codon 129 genotype of the
at-risk donor is unknown,

The at-risk donor provided 25 donations between
1989 and 2005, subsequent to the one potentially trans-
fused to Individual A. A total of 28 individual blood com-
ponents from these 25 donations were issued to hospitals
for clinical use, including the transfusion to Individual B.
While the fate of the remaining 27 blood components has
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not been traced to named recipients, no other cases of
vCJD that appear on the NCJDSU database have a history
of blood transfusion, which could link them to this donor.
Because of the-sophisticated CJB surveillance systems
that exist in the UK, it is very unlikely that any of the
recipients could have developed vCID but not been
reported.

Two- of the previous transfusion-transmitted cases
received blood from a common donor, with donations
separated by 4 months, indicating that it is possible that
infectivity in blood in vCJD is sustained through part or all
of the incubation period, consistent with some,>® but not
all,? animal studies. Symptoms of vCJD developed in these
transfusion-transmitted cases between 6 and 8 years post-
transfusion. Individual A was transfused 17 years before
onset of vCJD and the incubation period, if this was trans-
fusion transmission, was therefore more than double that
observed previously. However, the transfusions in Case A
took place in infancy and there is evidence of reduced
susceptibility and extension of incubation perieds in neo-
natal mice experimentally exposed to scrapie as a result of
inefficient infection of the immature spleen.? If Individual
Awas infected by blood transfusion, itis surprising that no
other recipient from the common donor has developed
vC]D, even allowing for some deaths from the underlying
condition before symptoms of vCJD might have appeared.
Although the Coden 123 genotype of the at-risk donor and
the other 27 recipients is not known, approximately 40% of
- the Caucasian population are methionine homozygous at
"Codon 129 of PRNP.? .

In conchision, circumnstances raised the possibility
that an additional two cases of transfusion-transmitted
vCJD have arisen, which are linked by a common donor
who has not developed vCID. The records at the time of
the first transfusion are incomplete and an assessment of
the likelihood of transfusion transmission depends cn a
range of considerations, including the chances of blood
being provided by a single donor to two recipients in dif-
ferent hospitals, the protracted survival in the donor and
Recipient A, and the absence of disease in a cohort of
other individuals who received blood transfusions derived
from the same donor. Although transfusion transmission
cannot be excluded in the case of Individual A, it is also
possible that disease in this individual was caused by
transmission of bovine spongiform encephalopathy infec-
tion through the food chain, the presumed cause of vCID
in other primary cases.'® The likelihood of food-borne
exposure in Case A cannot be estimated directly from the
dietary history, but there is evidence of increased suscep-
tibility to primary vCJD in younger age groups.!!
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