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associated with other clinical syndromes including conjunctivitis,
hepatitis, and diarrhea [5]. In nonhuman primaics, most

Introduction
Adenoviruses, first isolated in the 1950s fram expl d adenoid
tissue; arc doub anded loped DNA viruses that

naturally infcct many vericbrates, including hiumans and noenhu-
man primaies. The human adenoviruses in the Mastadenouiing
gerus, comprised of all mammalian adenoviruses, are classified
nta 7 species A-G, and at least 51 different serotypes fund 5
propased types, HAdV-52 to HAdV-56) have been deseribed to
date [1,2]. Adenoviruses are the cause of an estimated 5-10% of
febrile ilinesses in children worldwide [3]. Some serotypes, such as
human adenavirus type [4 {(HAdV-[4}, have been associated with
severe and potentially fatal outbreaks of pneumonia in residential
facilities and military bases [4]. Adcnoviruses have also been
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T ygic studies of adenoviruses have [ocused on their
identification in [ecal samples from asymptomatic animals [6,7,8].
Overt respiratory discase associried with simian adenoviruses has
also been observed [9]. Although adenoviruses arc significant
pathogens, genetically modified strains are being actively explored
as poteniid venton for vactines and gene therpy [10].

Infection by adenoviruses has generally been thought to be
specics-specific. Human adenoviruses do not wsually replicare in
monkey cells in the absence of helper viruses [11), and do not
productively infect rodents {and vice versa) [12]. Studies of sera
from animal handlers and zop workers exposed w0 chimpanzees in
captivity fail to detect antibodies to chimpanzes adenoviruses

July 2011 | Valume 7 | issue 7 | 21002155

Author Summatry

Infection fromadencviruses, viruses that cause & variety of
illnesses; in humans, monkeys; and other animels;, has
eonventiopally been thought to: be species-specific. We
‘uzed the Virarhip, 3 microarray designed 1o derect all

[13,14]. However, recent serological surveys have found antibod-
ies to New World and Old Warld menkey adenoviruses in danor
human sera from regions where the monkeys are endemic [14,13].
In addition, phylogenetic analyses of adenoviruses from greater
apes reveal that they fall precisely into “human™ adenoviral species
B, C, and E [7]. The high degree of sequence relatedness within
members of cach species suggests that at |east some adenoviral

strains may be capable of infecting both nonh pri and
humans.

Beginning in May of 2009, a deadly outbreak of fulminant
pneumonia and hepantis occurred in a clased colony of New
World tii monkeys of the Callicebus genus at the California
Mational Pomate Research Center (CNPRC). Routine microbi-
ological twsting for an nfectious etiology was negative. We
previously developed the Virochip (University of California, San
Francisco) as a broad-spectrum surveillance assay for identifying
viral causes of unknown acute and chromic  illnesses
(16,17,18,19,20,21,22]. The Virochip, a pan-viral microarray
comaming ~19,000 probes derived from all wviral species in
GenBank (n~2500) [21,23], has been previously successful in
detection of novel outbreak viruses such as the SARS coronavirus
{22,24] and the 2009 pandemic HIN? influenza virus [23]. Here
we apply the Virochip w identify a novel and highly divergent
adenovirus as the cause of the tit monkey outbreak. In addition,
we present clinical and serolopical evidence that this virus may
have infected a researcher at the CNPRC and a family member,
thus demonstrating for the first ime the patential for cross-specics
infection by adenoviruses.

Results

An outbreak of fulminant pneumonia in a titi monkey
colany

In carly 2009, the CNPRC housed 65 rti monkeys in onc
quadrant of an animal building. The index case, a healthy adult
titi monkey, presented on May 14, 2009 with cough, lethargy, and
decrenased appetite (Fig. 1A, T1). Despite aggressive reatment with
intravenous fluids and antibiotics, the animal developed severc

j:@.'. PLo$ Pathogens | www plospathegens.arg
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respiratary distress and was humancly euthanized 5 days later. A
second case preasiied 4 weshs i NeRl e ehtrance o tha
huilding (Fig. 18, T} In the § n period, 3 healthy i
monkeys had been relocated from a separate building (Fig. 1A, T2,
T3, and T19), with 2 of the 3 monkeys placed into the
formerly occupied by the wdex ease, reflecting a towl at
population of 68, Ower the ensuing 2 months, 21 additional
mankeys, including one of the relocaicd monkeys, presenied with
clinical signs similar 1 those shown by the index case (arack rate
=23/68, or 34%) (Figs: 1A and 1B} Clinical signs in aflected
animals included cough, lethargy, peor appetite, tachypnea, and
atidominal breathing, These sympioms progressed 1o overt
respirssary distress and deash or humane cuthanasia within an
average of 8 days. Chest radiographs wypically revealed diffuse
interstitial pulmonary changes and bronchealvealar consolidation
indicative of pneumonia, with right middle lobe predominance
(Fig. 1C). Animals displaying clinical signs were quarantined and
aggressively treated by vetcrinarians with supplemental oxygen,
anti-inflammatory medicatons, bronchedilaiors [nebulized albu-
terol), broad-spectrum antibiotics, and antivirals (oseltamivir and/
or ribaviring. In wial, 19 animals died or were ewthanized duc o
ihe illness during the outbreak (case fatality rate = 19/23, or 83%)
Only 4 monkeys survived, even though the majority of sick
animals (17/23, or 74%) consisied of apparently healthy adulis
and juveniles. Interestingly, none af the 133 rhesus macaques
(Macaca mulatta) housed in the same building became sick during
the outbreak, and neither did any of the Old World monkeys from
surrounding outrdoor colonies of rhesus and cynomolgus macaqucs
(Maceca fasceculans].

Gross necropsy [findings were similar in all ti meonkeys and
were characterized primarily by diffuse, consolidated pneumonias,
with oceasional evidence of fibrinous pleuritis, pericardial/pleural
edema, and hemorrhage (Fig. 1D-1). Some livers, spleens, and
lymph nodes were found w0 be abnormally enlarged. Hepatic
necrosis and hemorrhage, along with ascites, were occasionally
appreciated. On histologic examination, the normal cellular
architecture of the lung and trachea was destroyed, and praminent
intranuclear inclusion bodies were observed in the liver, lung, and
trachea (Figs. 1D-2 and 1D-3).

A routine microbiclogical workup for infectious causes of the
outbreak, including bacierial, mycoplasma, and fungal cultures,
was negative, Respiratory viral testing failed to detect evidence of
respiratory syncyual vims, adenovirus, fluenza virus A and B,
human metapneumovirus, and parainflueoza virus types 1, 2, and

cTil

Virachip identification, PCR screening andl electron
micrescopic (EM) confirmation of TMAJY

Given the clinical preseniation of 2 severe acuie viral respiratary
illness and the appearance of intranuclicar inclusion bodies on
histalogical examination, we strongly suspecied that 2 virus that
had eluded detection by conventional assays wis the cause of the
titi monkey outbreak. Nasal, lung, and liver swab samples colleczed
during necropsy were analyzed using the Virochip [21,23].
Microarrays were analyzed using ranked Z-scores to assess the
highest-intensity viral probes [18]. From a lung swab sample from
an affected monkey, 4 of the top 80 probes on the Virochip
corresponded to adenoviruses. Other viruses or viral families with
=4 probes among the wp 80, meluding chimpanzee herpesvirus
(Herperedag), bovine viral disrchea virus  (Flasiinda), and
endogenous retroviruses (Retrouirides), were regarded as less likely
to cause fulminant preumonia and hepatitis, so were not pursued
any further. The 4 adenovirus probes mapped to 2 different gene
regions corresponding to the DNA polymerase and penton base
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Figure 1. Clinical and epidemioclogic faaturac of the pis maenlkey cutbreak. (A) Map of the titi monkey cages situated in one quadrant of a
bullding, showing the locations of asymptomatic, at-risk mankeys (brown or green), affected surviving monkeys (black), and monkeys whe died from
the_w ﬁinesi {skelatan). 3 monkeys were maved nto the building (arrows pointing down and to the left) and 4 mankays out of the building (arrows
pointing up and |n_|he rightl during the 3" week of the outbreak. The upper left photagraph shows an image of an zdult male titi monkey and his
infant. The upper right inset shows the location of the titi monkey cages relative to ather rhesus monkey cages in the building. Asymptomatic
maonkeys with positive serim antibody titers to TMADY 4 months after the outbreak are shown in green_ (B) Enidemic curve of the outbreak, with the
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number of cases in blue and cumulative attack rate in red. (€] Anteroposterior chest radiograph of an affected titi monkey. showing bileters! basiler
infitrstes snd 8 prominent right middle lebe cansclidation. [D) T - gross phatagraph of lungs at necr he Wings failed to Rally collapse upon
opening the chest, and a single — 1.5 cm focus of dark red discoloration (hemorrhage) can be seen in the left caudal lobe, 2- phatamicregraph of
HAE stained lung tissue showing a severe diffuse necrotizing bronchepneumonia characterized by the presence of hemorrhage and intranuciear

inclusions (arrows). 3 - photomicrograph of H&E stalned liver tissue showing 2 muliifecal necrotizing hepatitis with numerous intranuclea
7 filed urith ade :

(Fig. 27). Interestingly, the 4 viral probes were derived from 2
different Adenoprridae genera (SAAV-23, simian adenoviruz 13,
PAdV-A, porcine adenovirus A, and HAdV-5, human adenovirus
5, in the Meriadenomres genus; FADY-D, fowl adenovirus D, in the

1 genus), suggesting the presence of o divergent
adenovirus that was not a member of any previously known
species.

Te confirms the Virechip finding of an adenovirus, we used
consensus primers to amplify a 301 bp fragment from the hexon
gene by PCR [25]. The fragment shared ~86% nucleoride
identity with its closest phylogenetic refatives in GenBank, SAdV-
18, an Old World vervet monkey adenovirus, and the human
species ) adenoviruses, The newly identificd adenovims was
designated TMAdV, or titi monkey adenovirus. Specific PCR for
TMAdV was then used to sereen body fuids and tissues from
affecied monkeys (Table 1), POR resulis were positive lrom post-
necrapsy liver and lung tissues as well as from sera, conjunciival

canb of op 3fimctad loms ohimalus focale Bae =1 ey
mh st on afizeind heng ahvesius oz b =1

nclusions

LRt

lung tissue from another affecied monkey was performed. Out of
~11.9 million high-quality reads, 2,782 reads and 3,767 reads
aligned to the SAdV-18 genome by BLASTN ([ig. 2B, biue) and
TBLASTX (Fig. 2B, rransparent blue), respactively, with reads
mapping te sites scross the genome. D¢ mow assembly of the
complete TMAJV genome from reads that aligned 1o SAdV-|8
was not possible due ta insufficient sequence coverage (<46%).
The poor apparent coverage was the result of high sequence
divergence of the TMAdV genome from SAdV-18, which
hindered the identfication of most of the 16,524 actual deep
sequencing reads derived from TMAAV (Fig. 28, red). Thus, after
partial assembly of TMAdV using overlapping reads aligning to
the SAdV-18 genome, remaining gaps were closed by specific
PCR. The complete genome of TMAGY was found to be 36,842
base pairs in length, with a basc composition of 20.8% A, 20.8%
C, 298% G, and 19.6% T, and a GG content of 59.6%,
comparable o that of adenoviral species Groups G, D, and E in
the Martadensvires genus. The deduced genomic structure of

swabs, oral swahs, and nasal swabs collzcted at time of g
in 8 different affected monkeys, but were negative from a throat
swab fram 2n asympromatic animal whose other 5 cage mates had
become sick. In addition, nasal swabs were negative in 3
asymptomatic, minimal-risk titi monkeys housed in a separate
building. To confirm the presence of virus in discased tissues, we
examined lung tissue from affected monkeys by transmission
electron micrascopy, revealing abundant icosahedral particles
characteristic of adenovirus filling the alveali (Fig. 1D-4),

Next, to assess persistent subclinical infection from TMAAV, we
analyzed serum samples from atrisk asymptomatic or affected
surviving monkeys 2 months after the outbreak (n=41). All past-
autbreak serum samples were negative for TMAdV by PCR
(Table 1). To assess potential TMAAV shedding, stool samples
collected from all cages housing titi monkeys 2 menths past-
outbreak were analyzed by PCR (n=27), and were found 10 be
negative. In addition, we checked for TMAdV in rectal swab
samples from rhesus macaques housed in the same building as the
titi monkeys (n=26) and in pooled droppings from wild rodents
(n=2) living near the titi monkey cages. All macaque and rodent
fecal samples were negative for TMAJV by PCR.

We alto sought to determine whether PCR. assays commonly
wsed to detect human adenoviruses in clinical or public health
settings could detect TMAJV. Adenovirus PCR was performed on
a TMAdV-positive clinical sample, 3 TMAdV culture, and a
human adenovirus B eulture (as a positive control) using an
additional 5 pairs of primers, according 0 previously published
protocels [26,27,28] Three of the 5 primer pairs, designed to
detect human respiratory adenoviruses B, G, and E, failed to
amplify TMAdY [27]. The remaining 2 pairs af primers, both
derived from highly conserved sequences in the hexon gene
[26,28], were nble 1o deteet TMADV in culture as well as directly
from clinical malerial

Whole-genome sequencing, features, and phylogenetic
analysis of TMAdY

To facilitate wholegenome sequencing of TMAV, deep
sequencing of a lung swab from onc affected i monkey and

@I PLoS Pathogens | www.plospathogens.org

TMAJV was also similar to that of other mastadenoviruses and
consists of 34 open reading frames (Fig. 2C).

Whole-genome phylogenctic analysis placed TMAV in an
independent specics group separate from the known human
adenoviral species A-G (Fig. 3). Among all 95 fully-sequenced
adenovirus genomes in GenBank, the closest simian adenoviral
relatives to TMAAV were SAdV-3, SAdV-18, and SAdV-2], with
pairwise nucleotide identitics ranging from 54.0% to 56.5%
(Fig. 4). The closest human adenoviral relatives were the species D
adenoviruses, which share 54.3% to 55.1% identity 10 TMAdV,
with human adenoviruses of other species slightly less similar
(51.1%-54.6%). The placement of TMAdV inta 2 separate group
by phylogenetic analysis was alsc observed when looking
ndividually at the hexan, polymerase, penton base, and fiber
genes (Fig. S1). Scanning nucleotide pairwise identity plots
revealed that, among the major adenavirus genes, the DNA
polymerase and hexen are more conserved, whereas the ELA and
fiber are more divergent {Fig. 4). The significant overall sequence
divergence of TMAY from known human and simian adenovi-
ruses is highlighied by the finding that PAdV-A ({porcine
adenovirus &), 2 non- primaic mammalian adenovirus, shared
anly a dightly less similar whole-genome puirwise identity w
TMAJV of 47.0% (Fig. 4), In fact, in the DNA polymerase gene,
TMAAV shared a pairwise identity with PAdV-A of 67.2%,
comparable to it pairwise identities with the other human
adenoviruses, 59%-71.7% (Figs. 4 and S1). Although TMAdV
was found o be highly divergent from other adenoviruses,
different isolates of TMAAV [rom 3 affected uti monkeys were
remarkably conscrved, sharing 100% identity across the fuli-length
hexeon gene (data not shown),

The high level of sequence divergence in TMAdV held true ac
the amino acid level as well, with amimno acid identities relative w
other mastadenoviruses ranging from 20.8% ta 27.5% for the
fiber, the most divergent protein, to 68.7%=78.2% for the hexon
(Table 2). Although bearing lew sequence similarity to other
adenoviruses, the penton base of TMAdV contained an RGD
motif that presumably binds ¢, integrins. By bath nucleotide and
amino acid comparisons, the closest phylogenetic relative o
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A polymerase penton base

L 1 1
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GRS ACAL

(7 mismatches)

3CTGGCCE3CCAACGACTGOC :
GOTGRAC -@‘wmocrxmg (13 mismatches)

4 { HRAV-T ?Zm” CTCCAT: g‘?‘.\-
THAGY T STCTORATON

5 B

Masning 6 BLASTN, £ = 1310 _ TBLASTX, E= txi0

s, Ags—:g Genome B 2782 reads (0.023%) T 3,767 reads, (0.032%)

1X covarage = 34,1%, 3X coverage = 254% 1% coverage = 45.8%, 3X coverage =350%

2 200 i
z 160 |
3 120 :
i w0
E & i
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Mapping to [ BLASTN,E= w10
TMAdV Genome 16,524 reads (0.14%), 1X coverage = 35.4%, 3X coverage = 65.8%

Number ol Reads

Figure 2. Di y and whole-g characterization of the novel adenovirus TMAdV. (A] The locations of tha 4 Vimchip probes
detived from adenovirus sequences and used 1o detect TMAAY are mapped onto the —37 k8 genome. The & Virochip probe sequences are alsa
alignad with the corresponding sequence in the TMAAY genome, with mismatches highiighted in pink. {B) Coverage map of deep sequencing reads
corresponding 1o TMAGY using BLASTN (blue) and TBLASTX (transparent blue) alignments 1o SAdV-18. The aciual coverage achieved by deep
sequencing as determined by alignments to the fully sequenced genome of TMADY is much higher (red). (C) Genome organization of TMAdV.
Predicted protein coding regions are shown as boxes. Boxes above the central black line represent open reading frames (ORFs] that are encoded on
the forward strand, while boxes undemeath the black line represent reverse-strand encoded ORFs. Early region OFFs are shaded in gray. The x-axis
refers to the nucleotide position along the ~37k genome of TMAJV. Abbreviations: FAGV, fowl adenovirus; SAGV, simian adenovirus; PAdY, porcine
adenovirus; HAdV, human adenavirus, TMAdVY, titi mankey adenovirus,

dak10.1371/journal ppat. 1002155.g002
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Table 1. PCR screening for TMAdV.
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TMAAV in GenBank overall waz SAdV-3 (Mg, 4; Table 2).

Boatscanning analysis revealed no evidence for reéombination of

TMAAV with other adenoviruses at either the whole-genome or
ndividuai gene level (Fig. 52).

The main ncutralization determinant for adenoviruses, the
epailon determinant (g), is formed by loops | and 2 in the hexon
protein [28]). The cpsilon dewrminant of TMAdVY  was
significantly divergent from that of other mastadenoviruses,
with amino acid identities in loop | varying from 50.6% ra
44.8% and in loop 2 varying from 54.4% to 67.0% (Table 2).

| wwwp —
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12V 2009 £ 73042608
/162008 72502009
2652009 3142009
T£15/2009 e 7304304 a9

672343009 6/25/2009

This abscrvation suggesicd that cross-neutralization of TMAAV
with sera reactive against ather human/simian adenoviruges is
unlikely.

Cultivation of TMAdV in human and monkey cells

We nextantempred o culture TMAAV in an A549 (human lung
adenocarcinoma) cell ling, a BSC-1 {African green monkey kidney
cpithelial) cell line, and PMEK (primary rhesus monkey kidney) cells
(Fig. 5). Direct inoculation of cell cultures with a lung swab sample
from an affected siti monkey produced 2 weak initial cytopathic
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Figure 3. Whole-genome phylogenatic analysic of TMAdV. The whole-genome nucleotide phylog ic trea is from a multiple

sequence zlignment of all 95 unique. fully-sequenced adenovirus genomes in GenBank and TMAdV. Bath rectangular cladegram and radial tree
layouts are displayed. The branch corresponding to TMAGV is highlighted in boldface red. Abbraviations: HAdV, human adenovirus; SAdV, simian
adenevirus; MADY, mouse adenavirus, FrAdV, fiog adenovirus: TADV. turkey edenovirus; SnAdV, snake adenavirus: DAY, duck adenavirus: OAdY,
ovine adenovirus; BADV, bovine adenovirus; PADY, percine adenovirus; TSADV, tree shrew adenovirus; CAdV, canine adenovirus.
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eflect in macaque BSC-1 and human AS49 cells at day 7.
Haowever, despite multiple terial passages, we were unable to
propagate wdeated cell culture superaataint in cither BSC-1 or
FMEK cclls. In contrast, propagation in human A549 cells resulted
in viral adaptation by passage 6 and generation of a fully adapted
strain of TMAdV by passage 10 thar was able to productively
mfect all 3 cell lines. Thus, culturing and propagation of TMAJV
were successful in a human AS49 eell line, but not in established or
primary mankey kidney cell lincs

f"@'. PLoS Pathogens | www.plospathogens.org 7
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An influenza-like iliness in a researcher and family
members during the titi monkey outbreak

I hindsight, only one fndividua! w the GNPRE repor
becoming ill during the titi monkey outbreak, the researcher in
closest; daily contact with the animals. Symptoms began near the
onsat of the sutbreak, although whether they began prior o or
after identilication of the index case is unclear. The rescarcher,
with a past medical history of multiple sclerosis, initially developed
symptoms of a viral upper respiratory infection (URI), including
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Figure 4, Scanning pairwise alignment of representative adenoviruses with TMAdV. The scanning nuclzotide pairwise identities af TMAdV
relative to representative human [yellowd or simian (brown) adenoviruses in species A-G, parcine adenovirus (red), and fowl 2denovirus {green) are
shown. The windaw size is 400 bp with a step size of 40 bp. The x-axis refers 1o the nucleotide position along the ~37 i genome of TMAMY,
Abbreviations: HADV, human zdenovirus; SAdV, simian adenavirus; PAdY, porcine adenavirus; FAdY, fowl adenovirus.
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Table 2, Amina acid identity of TMAGV relative to other adenoviruses.
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fever, chills, headache, and sore throat, followed by a dry cough
and “burning sensation in the lungs” that was exacerbated by a
deep breath or coughing. The researcher endorsed a history of
recurrent upper respiratory infections, and did not regard the
illness as related to the titi monkey outbreak. Although symptoms
persisied [or 4 weeks, at no time did the researcher seek medical
care, and no antibiotics were taken during the illness.

We carried out comact tracing to identify family members and
other individuals in close contact with the researcher. Interestingly,
two family members in the houschold also developed fu-like
symptoms about 1-2 weeks afier the researcher initally became
sick. Their symptoms — lever, cough and muscle aches —appeared
milder than those of the researcher and completely resolved within
2 weeks. Meither individual sought medical care for these
symptoms, and notably, neither had ever visited the CNPRC.

Seroprevalence of TMAdY in mankeys and humans

The amin acid sequences of selected! TMAGY prateing and the epsilon dererminan of the hexon (e L), loop 7, and : L2, loop 2] are compared 1o the corresponding
proteing fram representative human, simian, porcine, and fowl adenoviruses,
“For each protein. the enlry correspanding (o the adenowiral species with the kighest porcantage identity relative 1o TMAZY,
doii10.137 I/joumalppat. 1002155 1002

titi monkeys (n=40} and nearby rhesus macagues (n=36),
collecred 2 months after the outbreak. Fourteen of 40 asymptom-
atic titi monkeys tested (35%) had antibody to TMAdV, indicating
that the incidence of subclinical inlection was significant (Fig. 1A;
Fig 6). In fact, one of the |4 asymptomatic titi monkeys with
positive Ab titers was located in the minimal-risk building. In
contrast, only 1 af 36 rhesus macaque samples was positive, with
2n Ab titer of 1:16. The | antibody-positive rhesus serum sample
was negative by specific PCR for TMAAV (data not shown), as was
stool from the cage in which the rhesus monkey was housed
(Table 1).

Approximaiely 4 months after the outbreak, serum samples
were collected from CNPRC personnel in dircet contact with the
titi monkeys. Serum samples were also collected from the two
family members of the clinically ill CNPFRC researcher 1 year alter
the outbreak. Only two samples were found positive for
neutralizing Abs to TMAAV: (1} Ab titers for the clinically ill

her were 1:32, and (2) Ab titers for one of the family

Toexplore 2 p ial link & the authreak and associated
illness in humans, we blindly tested available sera from
maonkeys (n=59), rhesus macaques housed in the same building
{n=136), CNPRC personnel and c¢lose contacts (n=20), and
randam human blood donors (n=381) for evidence of recent or
prior infection by TMAdY by virus neuwralization (Fig 6).
Ninctcen serum samples from 13 at-risk affected (symptomatic)
titi monkeys were tested. Amang 3 affecred titi monkeys surviving
the outbreak, 2 mankeys mounted a vigarous neutralizing Ab
response o TMAAY, with negative pre-outbreak Ab titers (<1:8)
but antibedy fters 2 meonths after the outhreak of 12512, while |
monkey exhibited a positive but much weaker response. Affected
titi monkeys who died during the outbreak exhibited a wide range
of neutralizing Ab titers, from <1:8 1o > 1:512 (those without Ab
likely died before mounting a response].

To investigaie the possibility of subclinical infection by
TMAdV, we also examined serum samples from asymptomatic
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members of the clinically il rescarcher were 1:8,

Ameng Bl random blood donors frem the Western United
States, 2 individuals (2/81, 2.5%) had positive Ab titers of |:16and
1:8. Pacled rabbit sera containing antibodies to human adenovirus
scrotypes | through 35, representing specics A~E, were unable ©
neutralize TMAdV (data not shown). Thus, the results of our
serolagical survey appear unlikely 1o be due to nonspecific eross-
reactivity from prior exposure to known human adenoviruses.

Discussion

In this study, we employed a pan-viral microarray assay, the
Virochip, w© Ideniify 2 novel adenovirus associated with a
fulminant pneumonia outbreak in a colony of New World tit
monkeys. Despite the absence of an animal model, which
precludes a strict fulfillment of Koch's postulates, there are several
lines of evidence implicating this novel adenovirus, TMAJV, as
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Figure 5. Growth and propagation of TMAdY in cell culture. The flow chart displays 10 passages (P1-210) of TMAGV cultured in human lung
adenocarcinoma (A549, arange), primary rhesus macaque kidney (PMK, brown), or established African green monkey kidney [B5C-1, green] cells.

doi10.1371/journal ppat.1002155.9005

the cause of the outbreak. First, conventional testing for other
pathogens, including other viruses by Virochip, was negative, and
affected monkeys did not respond o empiric therapy with
antibiatics ar antivirals (ribavirin and oseltamivir in aneedotal
i d iral infecti [30]. Second,

use are not effe against
the clinical p icn of ia and he is consistant
with the known spectrum of discase associated with adenoviral
infecrions. Third, TMAAV sequence was recoverad by PCR in
various hady fluids and tissues [ram affected monkeys, including
blood, respiratory secretions, and lung/liver tissue (Table 1)
Fourth, the fnding of ¥ lear inclusions n di: 1 tissues, as
well as direct visualization of adenoviral-like particles (TMAdV) in
iung alveali by electron microscopy (Figs. i0-2 to i T4}, support a
primary role for TMAdV in the pathogenesis of tissue injury in
alfected monkeys. Finally, there was  significant neutralizing Ab
response in surviving animals, with 2 monkevs having titers
undetectable prior to the outhreak bur rising w0 =512 ac
convalescence (Fig. 6).

Although TMAJV reiains the core genomic feawres common
1w all ad iruses (Fig- 2C), phylogenetic analysis clearly places
TMAdV within a separate branch, with no closely refated
neighbors (Figs. 3 and 51). A phylogenetic disrance of >10%

@ PLoS Pathogens | www.plospathogens.org

combined with the lack of cross-neutralization defines TMAGVY as
2 new species [31]. Since emerging adenovirus strains such as
HAdV- 14 and HAGV-D22/H8 (otherwise known as HAdV-1353)
are known to arise from recombination events among related
ancestral strains [32,33), we performed bootscanning analysis o
lack for mich cvénts in TMAJY, The booucenning =nalysls,
however, failed 1o show evidence of recombination, likely because
closely rclated and/or ancestral strams 1o TMAAY have not yer
been identified.

Entry of adenoviruzes into cells involver 2n initial attachment of’
the fiber knaob 1o the cell recepior, followed by internalization via a
secondary interaction of the penton base with «, integrins [34,35]
‘The presence of an RGD motif in the TMAdY penton base
implics that the virus uses o, integrins for intermalization [33].
However, the high sequence divergence in the liber protein (Table
2}, as well as the absence of fiber motifs conserved among
adenoviruses thar bind CAR [36.37] [coxsackievirus-udenovirus
receptor) or GD46 (38,3940] (data not shown), suggest that
neither of these two human adenoviral recepiors may be the
attachment recepior for TMAJVY, Further studies will be necessary
w identily the preferred cellular attachment and internalization
receptors for TMAdV.
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Figure 6. Seroprevalence of TMAdV in h and k Sera from titi (circles), rhesus macaques (squares), and humans

(triangles) were tested for antibodies to TMAdV by virus neutralization. Arrows designate pre-outbreak and post-outbreak serum samples from the
same individual monkey. Pre-outbreak serum samples were previously banked in 2007, Sera from CNPRC personne! and close contacts (orange
triangles) were collected 4 months post-outbreak, except for the two family members of the clinically ill researcher, whose sera were collected 1 year
post-outbreak. *, clinically ill researcher; **, family member of the researcher, who was also sick. Abbreviations: CNPRC, California National Primate

Research Center; NEG, negative,
doi:10.1371/journal ppat.1002155.g006

Despite its isolation from affected titi monkeys, we were unable
to propagate TMAdV in both established (BSC-1} and primary
(PMK) monkey kidney cells {Fig. 4). The virus, however, grew
efficiently in a human A549 lung adenocarcinoma cell line. One
explanation for this finding is that TMAdV may be unable 1o
productively infect cells derived from Old World monkeys (c.g.
rhesus and African green monkeys). An alternative possibility is
that successful propagation of TMAdV may depend on infection
of a specific host cell type, such ‘as A549 lung, and not BSC-1 or
PMK kidney cells. Nevertheless, after 10 passages in human A549
cells, the fully adapted strain of TMAdAV exhibits an extended host
range with the ability to productively infect both monkey and
human cells. This observation implies that TMAdV possesses an
inherent capacity to cross the species barrier and infect both
humans and nonhuman primates. Efforts to identify host range
and cell tropism of TMAdV, as well as the specific sequence
changes responsible for adaptation to growth in cell culture, are
currently underway.

The virulence of TMAdV in healthy and apparently immuno-
competent titi monkeys (83% case fatality ratc) is highly unusual for
infections by adenovirus. In humans, deaths due to adenovirus
infections or outbreaks are generally low (up to 18% for pneumonia
associated with HAdV-14 [4)). Furthermore, severe infections from
human adenoviruses are more commonly associated with older age,
immunosuppression, and chronic underlying conditions such as
kidney failure [4,41]. Young, healthy individuals are in general

@ PLoS Pathogens | www.plospathogens.org

much less likely to succumb to adenovirai-related illness. The
severity of TMAdV-related illness in affected titi monkeys suggests
that this species of monkey may not be the natural host for the virus.
The failure to detect fecal shedding of TMAdAV in convalescent or
asymptomatic animals also suggests that the virus does not normally
infect titi monkeys (Table I}.

Although the exact origin of TMAdV remains unclear, we can
speculate on several possibilities. One possibility is that a cross-
species “jump” from captive macaques to 2 susceptible colony of
titi monkeys precipitated the outbreak. As there have been no new
introductions of monkeys into the closed colony for the past 2
years, this conjecture relies on asymptomatic infection and
transmission of TMAdV in the captive rhesus/cynomolgus
macaque population at the CNPRC. CNPRC personnel who
visited. macaque areas would occasionally enter titi rooms with no
change in personal protective equipment, thus providing a
potential route of transmission for the virus. In addition, specific
antibodies were detected in | of 36 (2.8%) asymptomatic rhesus
macaques housed in the same building (Fig. 6), indicating that
‘'MAdV has the capacity to infect this species of Old Woild
monkey. Notably, the closest identified phylogenetic relative to
TMAdJV among the complete genomic sequences available in
GenBank is a rhesus monkey adenovirus, SAdV-3 (Fig. 4; Table
2).-Furthermore, serological evidence for cross-species adenoviral
tr ission events different nonh primate species
has been previously reported in the literature [42].
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Although we failed to detect TMAdV in rodent droppings
found near titi monkey cages (Tabie 2), it is stiil possible that the
virus arose from an unknown animal reservoir. In this regard, the
high sequence divergence of TMAdV relative to the known
human/simian adenoviruses {Fig. 3), and comparable sequence
similarity in the polymerase gene to a porcine adenovirus (Figs. 3
and S1) are striking. The four-week interval between the index
case and the second case appears overly long given a typical
incubation period for adenovirus infections of ne more than 1
week [43]. This may be explained.by our finding of a high rate of
subclinical infection by TMAdAV in asymptomatic titi monkeys
(35%), but may also be due to separate introductions of TMAdV
into the colony from an as-yet unidentified reservoir.

Our study data also support the potential for cross-species
transmission of TMAdV between monkeys and humans. The
researcher’s fever, cough, and pleuritic symptoms (“‘burning
sensation in the lungs”) are with the devel of a
prolonged viral respiratory illness, Interestingly, pleurisy has been
specifically reported in association with certain human adenovirus
infections [44]. The clinical presentation, time of illness concurrent
with the onset of the outbreak, and presence of neutralizing Abs in
convalescent serum all strongly point to primary infection of the
researcher by TMAdAV. The detection of weakly neutralizing Abs
(1:8) in a serum sample from a sick family member of the
researcher also suggests that TMAdV may be capable of human-
to-human transmission. The decreased levels of neutralizing Abs
to TMAdV in the researcher (1:32) and a family member (1:8)
relative to those in infected titi monkeys (up to >1:512) are
consistent with a recent study showing much higher levels of
neutralizing antibodies in chimpanzees than in humans with
adenovirus infections, possibly due to more robust adenovirus-
specific T-cell responses in humans than in monkeys [45].

Several lines of evidence support the contention that the direction
of TMAdV transmission was zoonotic (monkeys to humans) rather
than anthroponotic (humans to monkeys). First, the closest known
relative to TMAdV in GenBank is SAdV-3, an Old World monkey
adenovirus (Fig. 3; Table 2). Second, our results show that PCR
assays for human adenoviruses in common use are capable of
detecting TMAJV. Although sequencing of PCR amplicons for
human adenoviruses is not performed routinely in diagnostic
virology, TMAJV would presumably have been detected previously
in large-scale studies of hexon sequencing of Ad field isolates if it
were circulating in the community [46,47]. Finally, the available
sequence data in GenBank is heavily biased towards human
adenoviruses, and much less is known about the potential diversity
of the simian adenoviruses. We also cannot formally exclude the
possibility that the outbreak arose from anthroponotic transmission.
In. our study, 2 of 81, or 2.5% of random adult blood donors
exhibited borderline titers of neutralizing antibody to TMAdV,
indicating either a low prevalence of TMAdV in the human
population or cross-reactivity to a related virus (although no
evidence of cross-reactivity was found with HAdV serotypes |
through 35). Future large-scale smdies of TMAdV seroepidemiol-
ogy will be needed to better understand transmission of TMAdV
between monkeys and humans. Nevertheless, our discovery of
TMAdJV, a novel adenovirus with the capacity to cross species
barriers, highlights the need to monitor adenoviruses closely for
outbreak or even pandemic potential.

Materials and Methods

Ethics statement
This study was carried out in strict accordance with the
recommendations in the Guide for the Care and Use of
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Laboratory Animals of the National Institutes of Health. The
use and care of all animals followed policies and guidelines
established by the University of California, Davis Institutional
Animal Care and Use Committee (IACUC) and CNPRC {Animal
Welfare Assurance #A3433-01). The protocol for the mainte-
nance and breeding of the titi monkey colony was approved by the
University of California, Davis IACUC (Protocol #15730). No
specific animal research protocol was drafted for this study, as only
excess clinical samples were analyzed for diagnostic purposes.
Animals in extreme respiratory distress were humanely euthanized
by veterinarians. Extensive veterinary care was provided to all
animals affected by the outbreak in order to minimize pain and
distress.

Serum samples from staff at the CNPRC, close contacts, and
random adult blood donors were collected under protocols
approved by institutional review boards of the University of
California, Davis (Protocol #200917650-1} and University of
California, San Francisco (Protocol #H49187-35245-01). Specif-
ically, written informed consent was .obtained from staff at the
CNPRC and close contacts for analysis of their samples. Any
potentially identifying information has been provided with the
explicit permission of the individuals involved.

Sera from random blood donors were obtained from the Blood
Systems Research Institute (San Francisco, CA); sera were derived
from affiliated donor banks in California (Blood Centers of the
Pacific, San Francisco, CA), Nevada (United Blood Service, Reno,
NV), and Wyoming {United Blood Services, Cheyenne, Wyoming)
and de-identified prior to analysis.

The California National Primate Research Center (CNPRC)

The California National Primate Research Center (CNPRC),
which houses over 5,000 nonhuman primates, s a part of the
National Primate Research Centers Program and is accredited by
the Association for the A and Accred of Labora-
tory Animal Care, International (AAALAC). At the beginning of
2009, the CNPRC maintained a colony of 74 titi monkeys
{Callicebus cupreusy and a colony of over 4,500 rhesus macaques
(Macaca mulatta). No new animals have been introduced into either
colony for over 2 years. All titi monkeys are maintained in small
social groups, while rhesus macaques are maintained in small or
large social groups. All animal faciliies are maintained in
compliance with United States Department of Agriculture
specifications.

Eighty-eight percent of the titi monkey population (n = 65) were
housed in 1 quadrant of an indoor animal building, and all titi
monkeys demonstrating clinical signs originated from this building
{i.c. “at-risk”. room) (Fig. 1A). Rhesus macaques (n=133) were
housed in the other 3 quadrants of this same building, and
surrounding the building were outdoor housing units with rhesus

ques and cy U ques (Macaca fasiculars). Three
additional titi monkeys were moved into the at-risk room less than
2 weeks after presentation of the index case, reflecting a total at-
risk population of 68 animals. The remaining 6 titi monkeys were
housed in an indoor animal building greater than 500 yards from
the at-risk population (i.c. “minimal-risk” room).

Outbreak investigation and microbiological testing

The outbreak lasted approximately 3 months from May to
August of 2009, Affected titi monkeys died from 3-24 days after
appearance of clinical signs, with an average time to death or
humane euthanasia of 8 days. Clinical and epidemiological data,
including daily census reports, were tracked and recorded by
veterinary and management stafl. All personnel cntering the titi
monkey rooms (both at-risk rooms and minimal-risk rooms)
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Cross-Species Transmission of a.Novel Adenovirus

(Agilent Technologies, Santa Clara, California). Slides were

enclosures prior to entry. CNPRC personal protective equif
(PPE) policy requires a change of PPE between entrance/exit of
animal rooms housing different species. Staff' compliance of this
policy may have been compromised. Measures have since been
taken by CNPRC nr to ensure compli with existing
policies.

Bacterial, mycoplasma, and fungal cultures were performed at
the CNPRC. Clinical samples were also sent to an outside
laboratory (Focus Diagnostics, Cypress, CA) for respiratory viral
testing by centrifugation-enhanced shell vial culture followed by
direct fluorgscent antibody staining for 8 viruses {respiratory
syncytial virus, adenovirus, influenza virus A and B, parainfluenza
virus types 1, 2, and 3, and human metapneumovirus).

Gross, histopathological, and ultrastructural analyses
Gross and histopathological analyses of post-mortem tissues
were performed by a board-certified veterinary pathologist
specializing in nonhuman primate/laboratory animal medicine,
a branch of Primate Services at the CNPRC. At necropsy, tissue
samples from the irachea, hung, and liver-were collected and fixed
in 10% formalin. Tissues were routinely processed and embedded
in paraffin. 3-ium sections were stained with hematoxylm and eosin
(HE) and examined by light microscopy. For tr i

d at 3 um | using an Agilent DNA Microarray
Scanner. Virochip microarrays were analyzed with Z-score
analysis (18], hierarchical cluster analysis [50], and E-Predict, an
automated computational algorithm for viral species prediction
from microarrays [51]. Only Z-score analysis, a method for
assessing the statistical significance of individual Virochip probes,
yielded a credible viral signature on the microarray.

PCR screening

We initially used consensus primers derived from a highly
conserved region of the hexon gene to confirm the Virochip
finding of an adenovirus by PCR [25]. After recovering the full
genome sequence, we then designed a set of specific PCR primers
for detection of TMAdV, TMAdV-F (5'-GTGACGTCA-
TAGTTGTGGTC) and TMAdV-R (5'-CTTCGAAGGCAAC-
TACGC). The TMAdV-specific quantitative real-time PCR was
performed on a Stratagene MX3005P real-time PCR system using
a 25 pL master mix consisting of 18 pL of water, 2.5 uL of 10X
Tag buffer, 1 pL of MgCl, (50 mMj, 0.5 pL of deoxynucleoside
triophosphates (dNTPs; 12.5 mM), 0.5 uL of each primer
(10 uM), 05 pL SYBR green, 0.5puL of Tag polymerase
(Invm—ogcn, Carlsbad, CA), and 1 gL of extracted nucleic acid.

microscopy, tissue fragments (2x2 mm) were excised from paraﬂ'm
blocks of lung, deparaffinized, and processed as previously
described {48].

Nucleic acid extraction and ¢DNA library preparation

Total nucleic acid was extracted from body fluid or swab
samples using commercially available kits {Qiagen, Valencia, CA).
200 L of sample were passed through a 0.22 um filter (Millipore,
Temecula, CA) to remove bacteria and cellular debris and then
treated with Turbo DNase (Ambion, Culver Gity, CA) to degrade
host genomic DNA prior w extraction. For tissue samples, lung or
liver tissue was homogenized in a 15 mL Eppendorf tube using a
disposable microtube pestle (Eppendorf, San Diego, CA) and
scalpel, and RNA extraction was then performed using TRIzof LS
(Invitrogen, Carlsbad, CA), followed: by isopropanol precipitation
and two washes in 70% ethanol. Extracted nucleic acid was
amplified using a random PCR method to generate cDNA
libraries for Virochip and deep sequencing analyses as previously
described [18,21].

Virochip analysis

The current 8x60 k Virochip microarrays used in this study
contain 19,058 70mer probes representing all viral species in
GenBank, and combine probes from all previous Virochip designs
[17,18,21,23]. Four probes derived from 2 different Adenoviridae
genera (SAdV-23, PAdV-A, HAAV-5, and FAdV-D) yielded an
adenovirus signature on the Virochip that was found to be
TMAGJV. With the exception of SAdV-23, these highly conserved
probes are part of the core Virochip design and were derived from
all available adenoviral sequences in GenBank as of 2002 {21].
One explanation why more high-intensity probes to simian
adenoviruses were not seen by Virochip analysis is that the
genomes of many simian Ads, including SAdV-3 and SAdV-18
{the two closest phylogenetic refatives v TMAdV in GenBank),
were not sequenced until after 2004 . {7,49], and thus their
genomes are not as well-represented on the Virochip microarray.

Virochip analysis was performed as previously described
{21,23]. Briefly, samples were labeled with Cy3 or Cy5 fluorescent
dye, normalized to .10 pmol of incorporated dye, and hybridized
overnight using the Agilent Gene Expression Hybridization kit
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ditions for the PCR reaction were 40 cycles of 94°C for 30 s,
55°C for 30's, and 72°C for 30 s. Amplicons were purified on a
2% agarose gel, cloned into plasmid vectors using TOPO TA
{Invitrogen, Carlsbad, CA), and sent to an outside company (Elim
Biopharmaceuticals, Hayward, CA) for Sanger sequencing in both
directions using vector primers M13F and Mi3R.

To assess linearity and limits of sensitivity for the TMAdV PCR
assay, 12 serial log dilutions were made of a standard plasmid
constructed by cloning the 157-bp TMAdV amplicon into a
TOPO plasmid vector. Purified plasmid clones at each serial
dilution were quantified using a Nanodrop spectrophotometer and
then spiked into negative serum, stool, or oral swab sample matrix,
each matrix consisting of a pool of 10 sera, 10 stool samples, or 3
oral swabs, respectively. For each sample type, a standard curve
for the TMAdV PCR assay was calculated from 3 PCR repl
at each dilution of nucleic acid extracted from the spiked matrix
(data not shown). To determine limits of sensitivity for the assay,
probit analysis of results from 6 PCR replicates cf 7 serial log
dilutions (from a starting concentration of ~1.2x10% copxes/mL)
was performed using SPSS 16.0 (SPSS Inc., Chicago, IL). B
probit analysis, the 95% limit of detection for TMAdV was 781,
377, or 35 viral genome equivalents/mL for serum, stoot, or oral
swab samples, respectively (data not shown).

Whole-genome sequencing

To facilitate whole-genome sequencing of TMAdV, we
prepared amplified cDNA/DNA libraries for deep sequencing
from lung tissue and a lung swab sample from 2 different monkeys
using previously published protocols {23,52]. Briefly, randomly
amplified libraries were cleaved with a Type Ils restriction
endonuclease (Gsul) and truncated adapters were ligated on the
resulting strand ends. Full-length adapters containing strict 6-nt
barcodes were added via an additional 15 cycles of PCR.
Amplified libraries were size-selected on 2 2% agarose gel at
approximately 35G bp average length and then sent to an outside
company (Elim Biopharmaceuticals, Hayward, CA) for deep
sequencing on an [llumina Genome Analyzer IIx (Ilumina, San
Diego, CA). Paired-end reads were d for 73 cycles in each
direction. Paired-end reads were sub ly filtered to elimi
low-complexity sequences with a Lempel-Ziv-Welch " (LZW)
compression ratio below 0.4 -[53], split into individual reads,

July 2011 | Volume 7 | Issue 7 | e1002155

classified by barcode, and stripped of any remaining primer
sequences using BLASTN alignments (word size=11, E-val-
ue = 1 x1077). After low-complexity filtering and barcode/primer
trimming, 11,950,557 sequence reads remained, with each read
consisting of 67 nucleotides, for a total of ~800 megabascs of
sequence. Reads were thcn aligned using BLASTN (word
size = 11, E-value = I x107°%) and TBLASTX (word size= 11, E-
value = 1 x107% to the genome sequence of SAdV-18 (I‘xg QB)
Overlapping reads aligning to SAdV-18 were used to assemble
portions of the TMAJV genome with Geneious software {version
3.6.5) [54], employing the SAdV-18 genome as a reference
sequence and requiring a 20-bp minimum overlap and 95%
overlap identity. Aligning reads were also used to design PCR
primers to close vemaining gaps in the TMAdV genome.
Amplicons derived from speciic TMAdV PCR primers were
gel-purified, cloned, and sequenced as described above. The 5’
end corresponding to the inverwed terminal repeat (ITR) of
TMAdJV was obtained by PCR using a forward degenerate
consensus primer and a reverse TMAQV-specific primer. The 3’
end was recovered using a forward primer ncar the 3’ end of the
genome and a reverse primer derived from 5-ITR sequence.

Structural features and phylogenetic analysis

To identify predicted coding regions in the TMAdV genome,
we used the fully annotated genome sequence of SAdV-21 in
GenBauk as a reference. First, we aligned the twa genomes and
identified all ORFs that were present with Geneious [54]. We then
selected the candidate ORF that best matched the corresponding
ORF in the annotated reference genome. For adenovirus genes
that are spliced {e.g. E1A), the identification of 2 GT-AG intron
start-stop signal was used to pinpoint the correct ORF. To confirm
the accuracy of the coding sequcnce, the sequence of ezch
identified ORF was aligned to a database cc all ad iral
proteins in GenBank by BLASTX.

To generate whole-genome and individual gene nucleotide
phylogeny trees, all 95 fully sequenced unique adenovirus genomes
were first downloaded from GenBank. Multiple sequence
alignments were then performed on a 48-core Linux system using
ClustalW-MPI [35]. Trees were constructed after bootstrapping to
1000 replicates by the neighbor-joining method (based on Jukes-
Cantor distances) in Geneious [54,56). Pairwise alignments- were
calculated using Shuffle-LAGAN f{window size, 400 bp; step size
40 bp; translated anchoring), a glocal alignment algorithm that is
able to calculate optimal alignments by using both local alignments
and global maps of sequence rearrangements (e.g. duplications of
the fiber gene in adenovirus genomes with 2 fibers) {57]. Sliding
window analysis of the Shuffle-LAGAN pairwise alignments was
performed using the online mVISTA platform (58). More
accurate alignments were obtained with Shuffle-LAGAN than
with either ClustalW-MPI or Geneious (data not shown). Boot-
scanning analysis was performed according to the Kimura 2-
parameter method using 1000 replicates with Simplot (version
3.5.1) {59]. Pairwise amino ‘acid amino acid alignments between
predicted TMAdV proteins and corresponding proteins in other
adenoviruses (Table 2) were performed using Geneious (54].

Virus cultivation

A549 (human lung adenocarcinoma) and BSC-1 (African green
monkey kidney epithelial) cell lines as well as PMK (primary
rhesus monkey kidney) cells are routinely maintained at the Viral
and Rickettsial Disease Laboratory (VRDL) branch of the
California Department of Public Health. Media consisting of
Hanlk’s medium (for A549 cells) or Dulbecco’s modified Eagle’s
medium (DMEM) {for BSC-1 cells) were supplemented with
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t xnonessential amino acids (Invitrogen, Carlsbad, CA), 10% fetal

bovinc scrum, 100 U of po /mL and 100 ug of streptomy-
cin/mL. PMK cells were d in tubes containing growth

media and antibodies to SV-40 and SV-5 polyomaviruses
{(Viromed, Pasadena, CA). Clinical samples were clarified by
centrifugation for 10 min x4000 g and passaged through a 0.2-um
filter. Cell culture passages were subjected to 3 frecze-thaw cycles
and clacified as above. After achieving 80-90% confluency, cell
culture media were changed to maintenance media with 2% FBS
and were inoculated with 200 uL of clinical sample or 100 pL of
passaged viral supernatant. Viral replication was monitored over
14 days by visual inspection under light microscopy for cytopathic
effect (CPE). To confirm the generation of infectious virus, viral
supernatants were quantitated by an end-point dilution assay.

Virus neutralization assay (human and monkey sera)

A virus stock of TMAdV (passage 7) was produced on human
A549 cells, aliquoted, and quantitated by end-point dilution. To
perform the virus neutralization assay, 55 L of viral supernatant
at a concentration of 100 TCIDsg and 55 uL of serum {starting at
a 1:8 dilution) were mixed and incubated for i hour at 37°C. As a
control for each serum sample, 55 pL of culture media and 55 pL.
of serum were mixed and treated in an identical fashion. While
mixtures were incubating, A549 cells grown in T-25 plates were
trypsinized and 4,000 celis in 100 pL of media were added to each
well of a 96-well plate. After incubation, 100 uL of mixture were
inoculated into appropriate wells containing 4,000 cells per well
and the entire plate was placed in a 37°C 5% CO; incubator.
Cells in the plate wells were observed for evidence of CPE every
other day for 1 week. For wells that showed inhibition of viral
CPE, the corresponding serum samples were diluted in six 2-fold
steps and then retested. The reciprocal of the highest dilution that
completely inhibited viral CPE was raken as the neutralizing
anttbody titer.

Virus neutralization assay (rabbit typing sera)

To assess cross-neutralization of TMAdV by known human
adenoviruses, 7 pools of in-house reference sera at the VRDL
(rabbit hyperimmune sera) and coliectively containing antibodics
to human adenovirus serotypes 1 through 35 were available for
testing. For each pool, 55 L of rabbit sera and 55 uL of viral
supernatant at a concentration of 100 TCIDsp were mixed,
incubated for 1 hour at 37°C, and inoculated onto A549 cells in
wells of a 96-well plate as described above. Cells in the plate wells
were observed for evidence of CPE every other day for | week.

Microarray and nucleotide sequence accession numbers.

All Virochip microarrays used in this study have been submitted
to the NCBI GEO database {study accession number GSE26898;
microarray accession numbers GSM662370-GSM6E62381; micro-
array design accession number GPL11662). The annotated,
whole-genome sequence of TMAdV has been submitted to
GenBank (accession number HQ913600). Deep sequencing reads
have been submitted to the NCBI Sequence Read Archive
(accession number SRA031285).

Supporting Information

Figure S1 Phylogenetic analysis of the hexon, polymer.
ase, penton base, and fiber genes of TMAdV. A multiple
sequence alignment of selected genes from all 95 unique, fully-
sequenced adenovirus genomes in GenBank and TMAdV is
performed and the resuls displayed as a radial phylogenetic tree.
The branch corresponding to TMAdAV is highlighted in boldface
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red. Abbreviations: HAdV, human adenovirus, SAdV, simian
adenovirus; PAdV, porcine adenovirus; FAdV, fowl adenovirus.
(TIF)

Figure S2 B ing recombination lysis of
TMAdV. Bootscanning analysis-was initially performed with ait
95 unique, fully-sequenced adenovirus genomes in GenBank (data
not shown). After removal of similar viral genomes, bootscan plots

of

the whole genome and individual genes from a subset

representing human/simian adenoviruses in species A-G and all
non-primate vertebrate adenoviruses were generated. The window
size is 400 bp with a step size of 40 bp for the whole genome, and
200 bp with a step size of 20 bp for the individual genes. The x-
axis refers to the nucleotide position. For definition of abbrevia-
tions, please refer to Fig. 3.
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Measles And Water-Borne Disease Outhbreaks

In Horn Of Africa And Kenya Worries World
Health Organization

The numbers of people becoming infected with measies and water-borne diseases
is growing at an alarming rate in the Horn of Africa ahd some neighboring

in the Horn of Africa and Kenya is making millions of people move to other areas,
an important factor in the spread of communicable diseases. WHO predicts the
problem will get worse. The Horn of Africa, also known as Northeast Africa or the
Somali Peninsula is in northern east Africa, it is a peninsula that sticks out
hundreds of miles into the Arabian sea. The Horn of Africa has approximately 100
Q.o: people, and includes Ethiopia, Somalia, Eritrea and Djibouti. The affected

ntries have low immunization rates, a shortage of clean water, poor sanitation
and extremely poor health care systems.

Source: Medical News Today 17 July 2011
http://www.medicainewstoday.com/articles/231242.php

First Adenovirus to Jump Between Monkeys
and Humans Confirmed
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A novel virus that spread through a California monkey colony in late 2009 also infected a human researcher and
a family member, UCSF researchers have found, the first known exampie of an adenovirus "jumping” from one

species to another and remaining contagious after the jump. In a study by the UCSF Viral Diagnostics and
Discovery Center, which identified the new virus at the time of the outbreak, researchers confirmed it was the
same virus in the New World titi monkeys and the two humans. They also confirmed that the virus is highly
unusual in both populations, suggesting that it may have originated from a third, unidentified species. The
direction in which the virus spread, however -- from monkeys to humans or vice versa -- remains a mystery.
Findings appear in the July 14 issue of PLoS Pathogens, a weekly journal of the Public Library of Science, The

http://www.phac-aspe.ge.calcedrw-rmtch/201 Hecdrw-nmtes291 1-eng.php#b[2011/09/20 14:15:12)
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outbreak, a researcher who was taking care of the sick monkeys also developed an upper respiratory infection,
with fever, chills and a cough that lasted four weeks, as did two members of the researchers’ family who had no
contact with the monkey colony. All three recovered fully without miedical treatment. The primate center called
Chiu when the illness spread through the colony to help identify the pathogen and prevent its spread to other
animals. The UCSF Viral Diagnostics and Discovery Center specializes in using a microarray Virochip technology
developed at UCSF to identify viruses affecting humans, animals, insects or plants.

Because the researcher's illness was not reported for several months, the virus could no longer be detected
directly, so Chiu worked with the California Department of Public Health to conduct antibody testing on the
monkeys, the researcher and two of the researcher's family members who also reported having been sick.
Antibodies are a product of the body's immune response to pathogens and generally remain in the bloodstream.
for several months after infection. As a result, they serve as a marker of whether a person was exposed to a
specific virus. Both the monkeys and researcher tested positive for antibodies to the TMAdV virus, as did one of
the two family members. No other humans at the center were found to have been infected. The UCSF team
found that the new virus clearly belonged to the adenovirus family, yet was unlike any adenovirus ever reported
to infect humans or monkeys, including from large-scale studies by public health agencies such as the U.S.
Centers for Disease Control and Prevention. The new virus was so unusual, in fact, that it shares only 56 percent
of its DNA to its closest viral relative,

Source: Science Daily News July 15 2011
http://www.sciencedaily.com/releases/2011/07/110714191427.htm
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’ Top of Page Pu

http://www.phac-aspc.ge.ca/cedrw-rmtch/2011/cedrw-rmtcs291 ~.n=m.n_it£.r~w¢%m\ne 14:15:12)

No. 13

PR 21

BEXR BIARE HESsE

R |_m g
ﬁmxﬂ 7, )
m_m
___,m.aﬁ .ﬁ&n%nﬂr_u WWMH/
= mE mEms 26
B raEeTe ok
= 36 [BEkE wad
e woEEEE LpS
# BY legwg 3_F
dn B lxzer =ES
H ey 58°%
<
[l N . suEk N &
M % x| IRg 8 i
og A e Aot ER G o
R ES nde B9 8 5 00
g M8 W
i pp g &ﬁ%/@m i - oo &R
o 232 | REC is cRdy
g 24 Re@ S0 W e
11 < 2% b//womm O TM@W
w2 53 Rpg ER LR w
3 S ¢ Q R 15 ™ i
Ww UW._L NRE Ze wwwﬁ&a
= 33Z X:ﬂ.@ WT\ w&ﬁmmﬁT
_ ] >5e _N.U.lﬂm K Wi R
& g 25 ANg B ATy
[GIR=EN MM:a L @\_@/mmﬂ.
B Bon Ay gt
S sl X8 %
i Brr 43¢ o B o
o g Ery Zzs PECR
41 S X7, Sz i Sm e
® 4o IRN T FEo 1 2 i
=3 Sk Sk
® <EY oW 1 o
&# $58 233 KLH
2 S0 m e &
o mmw ummm =l
| 2¥.F | x8s oz RKE
| TEEY BRyZimiE KEod
| kErE [BooSKOE ¥4
B | REEE KRS Z HLK N o
| 2ZES R R UgHe Hgmil
HE I3 S
& | ERcs VAEOMi&e FERY
2| BEre REAXBxOH w3
B | BdSf lOYElgEER ) K&
® | EREE |Ericumpim Clses
B s " Z.IEM W N %
& ERENN TN GRR RS
S =L SRS TR P RN Y
fEigEans N
4 o BIER{EES AN
) o MNG gD £ 1K
@& g SSEREHHS P
# £ & WWM&W@WM SPEC
| g w  ¥SIREmtz (Y B
P & SyYR<H L =
e | ® ONDRZXKLE RWM%
& o N
# S 00 0 41 S B B

MedDRA/.I Var 14 1.1



JRC2011T-036

Novel Arenavirus Infection in
Humans, United States

Mary Louise Milazzo, Grant L. Campbeli, and Charles F. Fuihorst

Immunoglobulin G against Whitewater Arroyo‘ virus or
lymphocytic choriomeningitis virus was found in 41 (3.5%)
of 1,185 persons in the United States who had acute
central nervous system disease or undifferentiated fobrile
ifinesses. The resuits of analyses of antibody titers in paired
serum samples suggest that a North American Tacaribe
serocomplex virus was the causative agent of the iinesses
in 2 persons and that lymphocytic choriomeningitis virus
was the causative agent of the ilinesses in 3 other antibody-
positive: persons in this study. The results of this study
suggest that Tacaribe serocomplex viruses native to North
America, as well as lymphocytic choriomeningitis virus, are

he arenaviruses  (family  dreviridae,  genus

Arenavirus) known to occur in North America include
Whitewater Amoyo virus (WWAV), 7 other members
of the Tacaribe serocomplex (Table 1), and lymphocytic
choriomeningitis virus (LCMYV, the prototypic member of
the lymphocytic choriomeningitis-Lassa serecomplex).
Specific members of the order Rodentia are the principal
hosts of the arenaviruses, for which natural host
relationships have been well characterized. For example,
the hispid cotton rat (Sigmodon hispidus) in Florida is the
principal host of Tamiami virus (6,7), and the ubiquitous
bouse mouse (Mus musculus) is the principal bost of
LCMV (D).

Five South American members of the Tacaribe
serocomplex, LCMV, and Lassa virus are etiologic agents
of severe febrile illnesses in humans (20,11). The human
Author affiliations: University of Texas Medical Branch, Galveston,
Texas, USA {M.L. Milazzo, C.F. Fulhorst): and Centers fot Disease
Control and Prevention, Fort Collins, Colorado, USA (G.L.
Campbelly :

DOI: 10.3201/eid1708.110285

health significance of the North Americen Tacaribe
serocomplex viruses bas not been rigorously investigated
(2.

Studies since the mid-1990s have shown that Tacaribe
serocomplex viruses are widely distributed in the United

States and Mexico-and that woodrats (Neotoma spp.) and
. other members of the family Cricetidae are natural hosts

of these viruses (1-3.8,13,14). The purpose of this study
was to investigate whether humans have been infected with
North American Tacaribe serocomplex viruses.

Materials and Methods

Samples of serum (n = 1,305), plasma (n = 2), and
cerebrospinal fluid (a = 70) from 1,185 persons in the
United States with acute central nervous system discase
or undifferentiated febrile illnesses were tested for
immunoglobulin (Ig) G apgainst the WWAV prototype
strain AV 9310135 and LCMV strain Armstrong by using
an ELISA as described (15). The samples were diagnostic
specimens submitted to the Arbovirus Diseases Branch,
Division of Véctor-Bome Infectious Diseases, Centers for
Disease Conirol and Prevention (CDC) (Fort Collins, CO,
USA) during 1989-2000 by public health laboratories in
the United States. The samples had been tested selectively
by CDC laboratorians for evidence of infection with St.
Louis encephalitis virus, western equine encephalomyelitis
virus, and other arthropod-bome agents of human disease.
These tests had not yielded a specific diagnosis for any of
the cases in this study. ’

Information about each case wes limited to patient
age, sex, date of illness onsef, and state from which the
samples were submitted. Most (634 [53.5%]) of the 1,185
case-patients were male. Ages at illness cuset ranged from
0.2 months w 93 years inedian 35 years), and 982 (82.0%)
of the case-patients were >10 years of age at illness onset.

Emerging Infectious Diseases + waw.cde.gavieid « Vol. 17, No. 8, August 2011 1417
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Table 1. Natural hosts and gesgraphic distribution of the North American Tacaribe serocomplex viruses

Virus HNaturai host(s) Lacation . Reference
Bear Canyon Large-eared woodrat (Neofoma /macrotis), California mouse California, USA {7
(Peromyscus calffornicus)

Big Brushy Tank . White-throated woodrat (N. albiguia) Arizona, USA [&]
Catarina Southern plains woodrat {N. micropus) Texas, USA 3
Rio Catorce White-toothed woodrat (. feucodon) San Luis Potosi, Mexico (23]
Skinner Tank Mexican woodrat (N. mexicana) Arizona, USA [©)]
Tamiami Hispid cotton rat {Sigmodon hispidus) Florida, USA (6.7)
Tonto Creek White-throatéd woodrat (M. afbiguia) Arizona, USA )
Whitewater Arroyo White-th d drat (N. albigula) New Mexico, USA {8)

The period between iliness onset and sample collection
ranged from O days to 10.1 years (median 31 days). At
least 1 sample from each of 583 case-patients was collected
before the end of week 4 of illness; for 108 case-patients
multiple samples, representing different time points, were
available. Cases were geographically distributed as follows:
WNew Fngland, 72 cases; Mid-Atlantic, 50, South Atlantic,
141; Fast North Central, 96; West North Central, 73; East
South Central, 78; West South Central, 42; Mountain, 177,
Pacific, 96; and unknown, 360.

A 1:80 dilution and 1:320 dilution of each sample was
tested against the WWAV antigen, LCMYV antigen, and
corresponding  comparison (negative-cortrol) antigens.

_The adjusted optical density (AOD) of a sample-antigen

reaction was the optical density of the well coated with the
test antigen minus the optical density of the well coated
with the corresponding control antigen. A sample was
considered positive if the AOD at 1:80 was 20.250, the
AOD at 1:320 was 20.250, and the sum of the AOD at 1:80
and ACD at 1:320 was >0.750. Endpoint titers against each
antigen were measured in the positive samaples by using
serial 2-fold dilutions from 1:320 through 1:40,960. The
antibody titer of a positive sample was the reciprocal of the
highest dilution for which the AOD was>0.250. Titers <320
were 160 in comparisons of titers to WWAV and LCMV in
individual samples. The apparest homologous virus in an
antibody-positive sample was the virus associated with the
highest titer if the absolute value of the difference between
the titers to WWAY and LCMV was >4-fold.

Results

We detected antibody againstan arenavirus ind1 (3.5%)
of the 1,185 case-patients. Of the antibody-positive case-
patients, most (27 [65.9%]) were male. Ages ranged from
4 years to 85 years (median 39 years). Antibody-positive
samples were submitted from Florida, Massachusetis, and
Wyoming (3 samples each) and Arizona, Idaho, Kansas,
Maryland, Michigan New Mexico, New Yok, North
Carolina, Ohio, Rhode Island, Tennessee, Washington,
and Wisconsin (1 sample each). For 19 samples, state of
subinission was tnknown. -

Twelve persons-had positive test results for WWAV
but not LCMV; 28 for LCMV but not WWAYV, and 1 for
WWAV and LCMV (Table 2). In the positive samples,
endpoint titers against WWAV and LCMV ranged from
<320 10 10,240 and from <320 to 20,480, respectively. The
apparent homologous virus was WWAY in 10, LCMV in
24, and indeterminate in 7 of antibody-positive persons
(Table 2).

Ages of the 10 persons in- whom WWAYV was the
apparent homologous virus ranged from S to 70 years
(median 43 years). Samples from these persons were
submitted from Arizona, New Mexico, and North Carolina
(1 sample each) and Florida and Wyoming (2 sarnples
each), for 3 samples, state of submission was unknown.

The ELISA included paired samples from 8 antibody-
positive persons. Time from onset of illness to the first
samples from these persons ranged from O to 47 days. In
side-by-side tests, the endpoint titer to WWAYV in the second
sample was >4-fold higher than that to WWAY in the fixst
sample in paired samples fom 2 persons, and the endpoint
titer to LCMV in the second sample was >4-fold higher than
thatto LCMYV in the first sample in paired samples from 3 of
the 6 other antibedy-positive persons (Table 3).

Table 2. Antibody (immuncglobulin G} titers against WWAV and
LCMV in 1,185 cases of acute central nervous system disease or
undifferentiated febrile ilnesses, United States™

Arnitibody titer Apparent
No. cases VWAV LCMYV homol virus
5 : 640 <320 VWAV
1 1,280 <320 WANAY
3 2,560 <320 WAy
1 10,240 <320 YWWAY
7 <320 640 LCMY
3 . <320 1,280 LWV
5 <320 2,560 LCMY
4 <320 5,120 LCMY
2 <320 10,240 LCMV
3 <320 20,430 LCMV
2 320 <320 Indeterminate
1 640 1,280 indeterminate
4 <320~ 320 Indeterminate
1,144 <320 <320 None

MASVAY Ahitewater froya vinus, LOMY, ymphooytis chotiomeringiis
virus. .

1418 Enwerging Infectious Diseases + www.cdc.govieid « Vol. 17, No. 8, August 2011
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Table 3. Antlbod/ (cmmunoglobulm G) against VWAV and LCMV i
inesses, United Siates®

systein disease of undifferentiated febiile

Novel Arenavirus Infection in Humans

in paired serum samp!es from humans with acute central nervous

Case-patient Age, vy, at Days after iliness onset Antibody titer, WAV Antibody titer, LCMV App t

no, illness onsat S$1 82 S1 52 S1 g2 homolegous virus
1 32 14 44 <320 840 <320 <320 WANAY

2 65 15 81 <320 2,560 <320 <320 VWWAV

3 33 14 33 <320 <320 5,120 5,120 LCMV

4 51 2 68 <320 <320 320 20,480 LMV

5 59 24 38 <320 <320 320 5,120 LCMV

8 72 0 15 <320 <320 <320 640 LCMY

7 12 25 33 <320 <320 320 320 Indeterminate

8 25 47 123 <320 <320 320 320 Indeterminate

Aiteveater Arreyo vinus, LOMY, lymy

Discussion

Previously, antibody to Tamiami virus was found in
5 (3.8%) of 131 Beminole Indians sampled in southem
Florida (16), and antibody to a Tacaribe serocomplex virus
was found in 2 (0.24%) of 829 persons whio had worked
with cricetid rodents in Noith America (15,17). The results
of our current study strengthen the notion that Tacaribe
serocomplex viruses eozootic in North Amnerica are
infectious in humans. The increase in antibody titer against
WWAV in cases 1 and 2 in this study (Table 3) suggests
that a North American Tacaribe serocomplex virus caused
the illnesses in these persons.

The WWAV strain AV 9310135 was originally
isolated from a white-throated woodral (N. albigula)
captured m northwestern New Mexico (8). A recent study
demonstrated a high level of diversity among the amino acid
sequences of the structural proteins of the North American
Tacaribe serocomplex viruses (5). Hypothetically, human
IgG against some North American Tacaribe serocomplex
viruses is not strongly reactive against WWAY in BELISA.
If so, the prevalence of antibody to Tacaribe serocomplex
vituses in this study actually might be >3.5%.

The severity of homan disease caused by LCMV
ranges from mild febrile illness to severe encephalitis and

disseminated disease (18). The results of this study suggest

that the illnesses in case-patients 4-6 (Table 3} were
caused by LCMV. Whether samples from these 3 persons
were tested for anti-LCMV antibody (IgM or IgG) by
clinical laboratories could not be determined from records
maintained at CDC. .

Specimens from 33 of the antibody-positive persons
in this study were limited to single specimens. Perhaps
these illnesses were catsed by a North American Tacaribe
serocomplex or by LCMYV. The antibody titer to WWAVY
in the aniibody-positive person from New Mexico was
10,240 in a serum sample collected on day 22 day after
illness onset. .

Future studies on the relevance to human health of
the North American Tacaribe serocomplex viruses should
include defining the clinical spectrum and epidemiology
of human disease caused by these viruses. Some of these

itis virus: 51, first sample;

viruses may cause aseptic meningitis, encephalitis, or
meningoencephalitis. Thus, human disease caused by North
American Tacaribe serocomplex viruses may be confised
with severe encephalitis caused by LCMV, especially in
persons wWho report recent exposure to roderits.
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Likely source of Serratia contamination identified

FOR IMMEDIATE RELEASE

CONTACT:
Mary Mcintyre, M.D.
(334) 206-5325

The Alabama Department of Public Health and the Centers for Disease Conirol and Prevention
have determined that the Serratia marcescens bacteremia in 12 hospitalized individuals who

received TPN (total parenteral nutrition) has the same genetic fingerprint as the organism

isolated from a container and stirrer used to mix the powdered amino acids, from the tap water

spigot used for rinsing the container, and from the TPN.

A bag of compounded amino acids used in the production of TPN has also grown Serratia

marcescens. Genetic fingerprint results are pending on the compounded amino acids.

The Alabama Department of Public Health is aware of 19 cases of Serratia marcescens in
patients in six Alabama hospitals. Of these cases, 12 samples from individuals were matched
with the bacterium found at Meds 1V Pharmacy in Birmingham. Of the remaining seven cases in
question, six have no samples available 1o test for a genetic match and one case is pending.

A failure in a step of the sterilization process in the compounding of TPN was most likely the
cause of contamination. Use of these contaminated products led to a bacterial bloodstream

infection in these 19 patients.

On March 16, ADPH was m_o%mu that an outbreak had occurred in two hospitals among patients
receiving TPN. CDC's initial investigation identified TPN produced by Meds IV as a potential

common source and determined that six hospitals received TPN trom this pharmacy.

liness with mm:.mam marcescens bacteremia occurred in approximately 35 percent of patients
receiving TPN from Meds 1V during March. Seventeen cases were reported in March, and two
additional cases were retrospectively identified during the investigation, one in January and one

in February.

The individuals affected are in the age range from 38 {0 94 years; 8 males and 11 females were
infected. The numbers of cases and deaths by hospital are as follows: Baptist Princeton, 7
cases, 4 deaths; Baptist Shelby, 5 cases, 2 deaths; Medical West, 3 cases, 1 death; Cooper
Green Mercy, 1 case, no deaths; Baptist Medical Center Prativille, 1 case, 1 death; and Select

Specialty Hospital of Birmingham, 2 cases, 1 death.

Meds IV was notified and informed its customers of the possibility of contamination. ADPH has

been informed that impacted hospitals immediately stopped using TPN received from this
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Germany has a well established broad statutory sur-
veillance system for infectious diseases. In the con-
text of the current eutbreak of bloody diarrhoea and
haemolytic uraemic syndrome caused by Shiga toxin/
verotoxin-producing Escherichia coli in Germany it
became ciear that the provisions of the rostine sur-
veillance system were not sufficient for an adequate
response, This atticle describes the timeline and con-
cepts of the enhanced surveillance implemented dur-
ing this public health emergency.

On Thursday, 19 May 2011, the Robert Koch Institute
{RK1) was informed about a cluster of cases of haemo-
lytic uremic syndrome (HUS) due to Shiga toxin/vero-
toxin-producing Escherichia coli (STEC/VTEC) O104:Hg
in the area of Hamburg, Germany. An RKI investiga-
tion team visited the affected area the following day.
In the face of rapidly rising case numbers, a need
for enhanced surveillance was identified on 23 May.
We describe here the timeline and concepts of the
enhanced surveillance implemented during this mas-
sive outhreak of bloody diarrhoea and HUS in May and
June 2011 in Germany.

Rowtine surveillance system

In Germany, STEC/VTEC and HUS have been statuto-
rily notifiable since 2001 according to the Protection
against Infection Act (infektionsschutzgesetz, IfSG 13,
While STEC/VTEC surveillance is based on laboratory
analyses, HUS surveillance relies on physicians. Heads
of lzboratories and physicians must report cases to the
local health authorities within 24 hours. The incom-
ing date is validated by the local health authorities
and documented electronically. Cases fulfilling the
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surveillance case definition as issued by RK! [2] are
transmitted in anonymous form to the state health
authorities by the third working day of the follow-
ing week. The state health authorities again validate
incoming cases and transmit the data to the RKI within
the fallowing week. Hence, transferring information on
a case from the local to the national health authority
may take from a few days up to 16 days.

Epidemiclogical information is fed back from RKi at
least weekly to the stakeholders, e.g. responsible
autharities, physicians and laboratories. Information
exchange includes teleconferences, reports in the
RKP’s weekly Epidemiological Bulletin and the internet
database SurvStat [3].

Enhanced surveillance system
In the context of the outbreak it became immedi-

. ately clear that the provisions of the routine surveil-

lance system were not sufficient for an adequate
response. Hence, the following amvndmen*s were
amplemented

»

Centralising  the epidemioiogical information
exchange, :
Accelerating the data flow to the national level,
implementing a syndromic surveillance system for
bloody diarrhoga in emergency departments.
Assessing the capacities for HUS-treatment in
Germany,

initiating active laboratory surveillance.

An overview of routine and newly implemented surveil-
iance systems is given in Figure 1.

Centralising the epidemiological

information exchange

On 23 May 2011, the ‘Lq?egentrum at the RKl was acti-
vated as a central emergency sperations centre. Alarge
number of RKI staff was involved in coordinating the
collection of epidemiologic information and organis-
ing the public health response. From 23 May onwards,
teleconferences were conducted almost daily with the
responsible state, national and international authori-
ties. Starting on 24 May, epidemiological reports were
distributed daily to the responsible authorities, physi-
cians and laboratories to feed back relevant informa-

tion. Several outbreak-related articles were publishedin -

Eurosurveillance {4,5] and the German Epidemiological
Bulletin. The public was regularly informed about the
outbreak situation viz the RKi website starting on 23
May, press releases were issued on 3 and 10 June. The
Federal Centre for Health Education {Bundeszenirale

fir Gesundheitliche Aufkldrung, BZGA), has provided
autbreak-related public health advice to the public
since 24 May.

Accelerating the data flow o the naticnal level
From 23 to 27 May 2011, state health authorities wer
asked to transmit aggregated data via email on s daily
basis to the RKL. Concurrently, health authorities were
urged to enter and transmit the fSG data via the elec-
tronic surveillance system daily, so that case by case
reporting couid overtake the aggregated reporting
on 27 May. A specific reporting form was published
on 26 May to facilitate notification of HUS cases by
physicians.

In addition, the existing RKi surveillance case defini-
tion was adapted o the outbreak situation 1o ensuve

systematic data

collection. Modifications

FIGURE 1
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limitations of time (onset of disease from 1 May 2011),

_place (epidemioclogical link to Germany) and person
{e.g. consumption of & food item that was acquired in
Germany) concerning exposure as well as inclusion of
suspected cases [6].

- One challenge was counting outbreak-related cases of
STEC/VTEC O104:Hy separately from other STEC/VTEC
cases, of which a mean of 992 cases annually had been
reporied to the RKI between. 2001 and 2010. In the
absence of comprehensive laboratory data for a major-
ity of reported cases, the case definition was revised in
a way that listed as exclusion criteria all specific labo-
ratory test results that were not consistent with the
characteristics of the outbreak strain.

As of june 12, a total of 3,228 STEC/VTEC and HUS cases
in Germany have been associated with the outbreak
(Figure 2). The majority of cases (51%) fell ill between
18 and 25 May. The place of exposure was suspected
to lie in north-western parts of Germany for most cases
(Figure 3). Of the 781 reported HUS cases, 69% were
female and 88% were 20 years of age or older. Overall,
22 notified HUS ca-ses have died. Among all 2,447
STEC/VTEC cases, 56% were female and 87% were
20 years of age or older. Thirteen notified STEC/VTEC
cases have died. -

Figure 4 shows the transmission delay in days from
the local to the national level during the STEC/HUS
outbreak period among HUS cases. Among the 740
HUS cases (96%) with known date of notification to
the local health authorities, the median transmission
delay was two days (25th-7s5th percentile: 1~4 days,
minimum-maximum: 0-18 days). The first HUS-case
was reported to the RK! through the electronic sur-
veillance system on 18 May. Another three HUS cases
were reported on 23 May. Thereafter, the accelerated

BGURE 2

Reporied STEC/VTEC and HUS ¢ , by date of onset of
diarrhosa®, Germany, May-June 2011 {n=2,694)

20 STEC (n=2694)
e HUS (n=720)

Nuinbar of cases

5 3,05 E
Onset of diarrhoea
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data fiow became evident, for instance, 47 HUS cases
were reported to the RK! on 24 May, 5o HUS cases on
25 May, 100 HUS cases on 26 May and 116 HUS cases
on 27 May,

Implementing & syadromic surveillance system
for bloody diarrhoea n emergency departments
Since STEC patients often present with bloody diar-
rhoea, emergency departments (ED) constitute appro-
priate facilities for the assessment of the temporal
trend of an STEC-outbreak, We implemented the sur-
veillance of patients with and without bloody diarrhoea
in ED on 27 May. )

Participating ED were located in all federal states of
Germany, both in areas affected and not affected by
the STEC/HUS outbreak (see Figure 4). Data collection
covered the total number of new patients in partici-
pating EN and the number. of patients presenting with
bloody diarrhoea by sex and age group (20 years, 220
years). The data were transferred to the RKI by email or
fax every day.

s per suspete
depariments actively

the syndrom
-June 2011

HUS incidence per suspected county of exposure {case/ 100,000 pop.)

o
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As of 12 June, a total of 174 ED have participated in
the syndremic surveiliance system; 27 of which were
located within affected areas. The number of ED

actively reporting varied from day io day. Thus resuits
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may change as further, re-tro~spective, reports are
received from ED. Between 28 May and 12 june, 4.7%
(744/15,884) of all patients presenting to ED in affected
regions were reported as having bloody diarrhoea
{(Figure 5); this proportion was 0.8% (464/55,255) in
non-affected regions. Figure 5 shows the sex and age
distribution of patients with BD as well &s the number
of participating ED in affected areas. Women were
affected more often than men, with a decreasing pro- -
portion of female cases observed after 30 May. Since
6 June, the proportion of all patients with bloody diar-
rhoea among the patients presenting to emergency
departments has remained on an average of 3.6%.

Assessing the capacities for treatment of
haemolytic uraemic syndrome in Germany

From 30 May onwards, the German Society for
Nephrology collected data on the HUS treatment
capacities in Germany and reported these regularly via
e mail to the RKI. During the cutbreak period, 79 hos-
pitals, located in 15 of the 16 federal states, provided
almost daily information: all but two confirmed having
sufficient capacities for treating HUS patients.

Initiating active Jaboratory surveillance

Since 25 May, the RKI has asked four laboratories for
daily data transfer per email or telephone. As of 12
June, a total of 195 (6%) of all 3,228 STEC/HUS cases
have been confirmed through the routine mandatory
system as caused by the outbreak strain STEC/VTEC
0104, whereas the active system provided evidence
that at least 335 patient samples were related to the
outbreak strain.

Reports 1o the European Union and

the World Health Organization

Foliowing international law, Germany informed the
European Union (EU) of the STEC/HUS outbreak via

Proportions of patients with bicody diarrhoes among all patients presen
-June 2011 {n=

areas affected by the STEC/HUS outbreak, Germany, May-
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Morbidity and Mortality Weekly Report (MMWR)

Legionellosis --- United States, 2000--2009

Weekly
August 19, 2011 / 60(32);1083-1086

Legionnaires disease (LD), a serious, sometimes lethal pneumonia, and Pontiac fever (PF}, an
influenza-like, self-limited illness, are the two most common forms of legionellosis, which is caused
by Legionella bacteria. Legionellosis cases are reported to CDC through the National Notifiable
Disease Surveillance System (NNDSS) and a Supplemental Legionnaires Disease Surveillance System
(SLDSS) designed to manage surveillance data on travel-related cases and enhance cutbreak
detection. For this report, cases reported to NNDSS during 2000--2009 from the 50 states and the
District of Columbia (DC) were assessed, and crude and age-adjusted incidence rates per 100,000
persons were calculated. U.S. legionellosis cases reported annually increased 217%, from 1,110 in
2000 to 3,522 in 2009, and the crude national incidence rate increased 192%, from 0.39 per 100,000
persons in 2000 to 1.15 in 2009. Because NNDSS is a passive surveillance system dependent on
health-care providers and laboratories reporting cases, the actual incidence of legionellosis in the
United States likely is higher. Although NNDSS does not record legionellosis cases by type, 99.5% of
the legionellosis cases reported to SLDSS during 2005--2009 were classified as LD and 0.5% as PF.
Legionellosis surveillance was added to the population-based Active Bacterial Core surveillance
(ABCs) system in January 2011 to assess reasons for these increases in numbers of reported cases.
The rise in reported cases reinforces the need for health-care providers in all parts of the United
States to test and treat adults with severe community-acquired pneumonia for LD, to be vigilant for
health-care--associated LD, and to report legionellosis cases to public health authorities.

NNDSS receives reports of cases of nationally notifiable diseases from state health departments,
including data on case demographics, the earliest date associated with the patient's illness in public
health records (i.e., the date of symptom onset, date of diagnosis, date of confirmatory laboratory test,
or the date of the report of the case to the county or state, whichever is earliest), the date of report to
CDC, the case status (i.e., confirmed, probable, or suspected), and whether or not the case is part of
an outbreak. NNDSS data for 2000--2009 were used to describe legionellosis case demographics,
assess seasonal patterns of legionellosis infection, and, using denominators from the 2000 U.S.

" standard population (1) and U.S. Census Bureau estimates, calculate crude and age-standardized
incidence rates for the entire United States (excluding U.S. territories) and for each of the nine U.S.
Census divisions.* Only cases considered confirmed under the 2005 Council of State and Territorial
Epidemiologists' (CSTE) legionellosis case definitions are described in this report.t To be classified as
confirmed, cases must be clinically compatible with legionellosis (i.e., fever, myalgia, cough, and/or
clinical or radiographic evidence of pneumonia) and meet at least one of the confirmatory laboratory
criteria (i.e,, recaovery of Legionella sp. in culture, detection of Legionella pneumophila serogroup 1

antigen in urine, or fourfold or greater rise in L. pneumnophila serogroup 1-specific serum antibodies).

States also are encouraged to report cases to SLDSS to enhance detection of travel-related outbreaks
and to provide information on additional legionellosis case variables not captured by NNDSS.§
Legionellosis cases ideally should be reported to both NNDSS and SLDSS. SLDSS collects
information related to case demographics, diagnosis, diagnostic testing, hospitalization, outcome,
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outbreak involvement, nosocomial classification, and recent travel history. In addition to the reports
of cases among U.S. residents received from state health departments, SLDSS reports occasionally
come from cruise lines, health-care providers, and private citizens. Those additional reports are
verified with the rejevant state health departments before inclusion in the SLDSS database. Foreign
public health authorities also report cases to SLDSS, usually among travelers to the United States. In .
2005, CSTE issued a position statement {2) requesting that all legionellosis cases be reported to
SLDSS, but such reporting is not mandatory, and case follow-up varies by state and county based on
staffing availability and perceived public health importance. For this report, SLDSS data were used to
characterize diagnoses, diagnostic testing, outcomes, outbreak involvement, and recent travel.¥
Because of potential differences in data received by SLDSS before and after the 2005 CSTE position
statement, separate analyses were conducted using cases with onset during 2000--2009 (NNDSS
data) and 2005--2009 (SLDSS data).

During 2000--2009, the 50 states and DC reported 22,418 cases of legionellosis to NNDSS. The crude
national incidence rate increased 192%, from 0.39 per 100,000 persons in 2000 to 1.15 in 2009, and
the age-adjusted incidence of legionellosis in the United States increased 170%, from 0.40 to 1.08
cases per 100,000 persons. In 2000, the age-adjusted incidence varied substantially by U.S. Census
division, from ©.09 cases per 100,000 persons in the West South Central division to 0.73 cases in the
Middle Atlantic division. This disparity increased absolutely over the decade (Middle Atlantic
division: 2.60 cases per 100,000 persons and West South Central division: 0.44 cases in 2009) (Table
1). All reporting divisions had an increase in age-adjusted legionellosis incidence from 2000--2001 to
2008--2009, ranging from a 101% increase in the West North Central division to 294% in the West
South Central division. Nationally, 16,595 cases (74%) were in persons aged =50 years, and 14,255
(64%) persons were male (Table 2). Legionellosis incidence increased for all age groups from 2000 to
2009, ranging from 8% for persons aged <9 years to 287% for persons aged =80 years.

Among the 18,392 cases (82%) reported to NNDSS with available information on race, 78% were
white, 19% were black, and 3% were American Indian/Alaska Native, Asian, or other (Table 2).%*
Cases tended to occur in the summer and early fall, with the June--October period accounting for
62% of the cases reported each year (Figure).

During 2005--2009, a total of 5,080 confirmed legionellosis cases among U.S. residents were
reported to SLDSS by 47 states, ! accounting for 35% of the 14,554 confirmed cases reported to
NNDSS during the same period by all 50 states and DC. An additional 82 confirmed legionellosis
cases were reported among foreign visitors to the United States. A total of 1,220 (24%) cases involving
U.S. residents were travel-associated; 81% of these involved domestic travel only, and 5% involved
cruise ship travel. Travel-associated cases accounted for at least two thirds of the cases reported to
SLDSS from 21 states, 11 of which reported only travel-associated cases, suggesting a bias against
reporting nontravel-associated cases to SLDSS from some states. Of 3,872 {76%) U.S. resident cases
with data available, 4% were associated with a known legionellosis outbreak or possible cluster.
Information on clinical outcomes was available for 4,478 (88%) U.S. resident cases, 8% of which
resulted in deaths. Urine antigen tests were used to confirm 97% of U.S. resident cases reported
during 2005--2009. Only 5% of cases were confirmed by culture during this period, and <1% were
confirmed by either serologic or direct fluorescent antigen testing.
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Reported legionellosis incidence rates increased nearly threefold during 2000--2009. In 2009,
NNDSS received 3,522 case reports, the most since legionellosis became a reportable disease in 1976
(3,4). Increased rates were observed across all age groups and geographic regions. The reported case
totals likely underestimate the actual disease burden; the most recent completed U.S. population--
based pneumonia etiology study estimated that 8,000--18,000 persons are hospitalized each year
with LD (5).

An increasing population of older persons contributed to the increase in reported legionellosis cases.
Other factors that might have contributed include an increasing population of persons at high risk for
infection; improved diagnosis and reporting, possibly stimulated by the 2005 CSTE endorsement of
more timely and sensitive legionellosis surveillance; and increased use of urine Legionella antigen
testing. However, because increases in urine antigen testing began in the 1980s, its use is unlikely to
account for the entire increase in legionellosis cases since 2000 (3,4).

Urine antigen tests are easy to perform and provide timely, accurate results (sensitivity: 60%--80%;
specificity: >99%) for detecting L. pneurnophila serogroup 1, the causative agent in 70%--80% of LD
cases (6). In contrast, culture of respiratory samples from possible LD cases (sensitivity: 20%--80%;
specificity: >99%) can detect all forms of Legionella but has a lengthy turnaround time, and its
sensitivity is highly dependent on the skill of laboratory personnel. Similarly, identifying legionellosis
through paired serology (sensitivity: 70%--80%; specificity: >95%) involves substantial legistical
challenges, whereas direct fluorescent antigen testing for LD (sensitivity: 25%--75%; specificity:
>95%) can be technically demanding and can result in false positives resulting from cross-reactions
with other bacteria. Only urine antigen and serology are useful for detecting PF, but the sensitivity of
these tests for confirmation of PF is substantially lower than for LD (7).

Similar to the findings of previous studies, males accounted for >60% of cases, and increasing age
was a major risk factor for legionellosis (3,4). However, the finding that blacks accounted for a

disproportionately high number of cases relative to their 12% share of the population was unexpected.

Insufficient information is available to confirm whether these patterns might be the result of
differences in underlying risk factors or exposures to Legionella, and the high proportion of cases in
persons of unknown race limits the interpretation of the racial differences observed.

Legionellosis demonstrates seasonal and geographic variability. During 2000--2009, nearly all
regions reported their highest proportion of cases during the summer and early fall. The reported
2009 age-adjusted legionellosis rate in the Middle Atlantic division was nearly six times higher than
the rate in the West South Central division. Whether these differences are related to the frequency of
testing or reporting is unclear; nonetheless, clinicians should be particularly vigilant for possible LD
during the summer and early fall and in geographic areas of relatively high legionellosis incidence.
Although use of a urine antigen test for Legionella is recommended for cases of severe community-
acquired pneumonia (8), collection of respiratory specimens for Legionella-specific culture also is
encouraged as a means to detect all species and subgroups of Legionella and enable strain
identification in the event of an outbreak. Urine antigen tests and Legionella-specific culture also are
recommended for suspected cases of health-care--associated LD (9).

The findings in this report are subject to at least four limitations. First, current passive surveillance
systems cannot determine whether the observed increase in legionellosis cases is actual or an artifact
of improved detection or reporting. Second, surveillance likely is biased toward capture of more
severe LD cases that are more likely to be tested for Legionella, missing those that have been
empirically treated with antibiotics active against Legionella spp. and those not requiring
hospitalization. Third, the nonspecific symptoms of and lack of good diagnostic tests for PF likely
result in substantial underdiagnosis of this form of legionellosis. Finally, the proportion of cases that
are potentially travel-associated likely is an overestimate resulting from a bias in many states toward
primarily reporting travel-associated cases to SLDSS.
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A better understanding of the disease burden and the epidemiology of legionellosis is important, but
current passive surveillance systems cannot provide all the information required. In January 2011,
active laboratory-based and population-based surveillance was launched in 10 ABCs sites around the
country.8§ Data from this surveillance will be used to obtain population-based estimates of disease
incidence; further describe demographic, seasonal, and geographic variability; and evaluate and
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Heating, Refrigerating, and Air Conditioning Engineers on preventing legionellosis associated with
building water systems (10).
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* New England: Connecticut, Maine, M. h New F hire, Rhode Island, and Vermont; Middle Atlantic: New Jersey, Ne\{v York, and
Pennsylvania; East North Central: Illinois, Indiana, Michigan, Wisconsin, and Ohio; West North Central: Towa, Kansas, Missouri, Minnesota,
Nebraska, North Dakota, and South Dakota; South Atlantic: Delaware, District of Columbia, Florida, Georgia, Maryland, North Carolina, South
Carolina, Virginia, and West Virginia; East South Central: Alabama, Kentucky, Mississippi, and Tennessee; West South Central: Arkansas, Louisiana,
Oklahoma, and Texas; Mountain: Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah, and Wyoming; Pacific: Alaska, California, Hawaii,
Oregon, and Washington. .

+ The previous case definition, in use during 1996--2004, alse included detection of Legioneiia preumophiia serogroup 1 through direct fluorescent
antibody testing as a confirmatory laboratory test. The 2005 case definition is available at

hitp://www.cdc.gov/osels/ph _surveillance/nndss/casedef/legionellosis current.htm. The 1996 case definition is available at
iip: .cde.gov/osel survei d ionellosi htm.

casedef/legioncllosis1066.b

§ A legionellosis case report form is available to state and local health departments at http://www.cdc.gov/legionella/files/legionella_case  report.pdf.

1 A case of legionellosis was considered to be potentially travel-associated if the patient reported spending at least one night away from home during the
2 weeks before Hlness onset,

** Data on the ethnicity of cases reported to NNDSS were not included because 39% of cases were in persons of unknown ethnicity.
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1 Nebraska, North Dakota, Wyoming, and DC did not report any confirmed legionellosis cases to SLDSS during 2005--2009. During this period, 2g--
40 states reported cases to SLDSS each year.

§§ Additional information is available at http: //www.cde.gov/abes/index. html.

What is already known on this topic?

Thousands of cases of legionellosis occur each year in the United States as either Legionnaires
disease, an often severe form of pneumonia, or Pontiac fever, an influenza-like, self-limited illness.

‘What is added by this report?

The incidence of reported legionellosis in the United States nearly tripled during 2000--2009, from
0.39 per 100,000 persons to 1.15. The reasons for this increase are unknown, but increases in the
number of older persons and persons at high risk for infection and increased case detection or
reporting might have played a role. Incidence increased with age and was highest in the Northeast.

What are the implications for public health practice?

Active, population-based legionellosis surveillance is needed to better assess the epidemiology and
apparently increasing incidence of legionellosis in the United States. The rise in reported cases
reinforces the need for health-care providers to test adults with severe community-acquired
pneumonia or health-care--associated pneumonia for Legionnaires disease and report legionellosis
cases to public health authorities.

TABLE 1. Age-adjusted incidence of reporfed legionellosis cases, by U.S. Census
division* and year, 2000--2009

U.S. Census | Annual incidence per 100,000 population

division
2000 12001 2002 | 2003 | 2004 [2005 [2006 | 2007 | 2008 |2009

New England | 0.38 048 |0.81 0.79 0.71 1.00 1.20 1.04 1.43 1.21

Middle 0.73 0.67 |0.88 1.41 1.25 1.74 2.21 1.86 2.33 2.60
Atlantic )

‘EastNorth 0.64 0.68 |0.64 0.97 1.03 0.96 1.26 ‘1.24 1.34 1.44
Central

West North | 0.35 0.27 - [0.33 0.37 0.38 049 |0.40 0.54 |0.66 0.60
Central

South 0.40 0.42 [0.42 0.97 0.72 0.73 0.81 0.74 0.79 0.93
Atlantic

East South 0.25 0.31 0.26 0.57 0.53 0.47 Jo.59 0.53 0.61 0.73
Central

West South  {0.09 [o.11 a2 c.27 .55 6.24 {0.29 0.46 {0.34 0.44

Central

Mountain 0.24 6.31 0.31 0.49 0.49 0.49 0.62 052 |0.46 0.68

Total ! 0.40 i|o.4.1 0.45 Lo,74 ! 0.70 ! 0.75 ! 0.91 |0.86 ! 0.99 Ll.os
* New England: Connecticut, Maine, Ma‘ssachqseﬂs, N.ew' Hamps_hire, l}hode Islaqd, and Vermont; Mx'dd.le Atlantic: New J iersezfr,'N&\?'“ﬁr{‘ork,' ;and
ek, Noch Pakors, and Seuth Dakow; S Atiaite: Delaesoe, Dt of Clornbi, Fltide Georgi, Marytand, Noveh Carolns, Sout
Carolina, ’Virginia, and West Virginia; East South Central: Alabama, Kentucky, Mississip[?i, and Tennessee; West Souti} Central: Arkapsa_s,_Loms\an_g,
gg;};tr:; ;r‘x};‘ix“:;,: {I;tgfaunmin: Arizona, Colorado, Idaho, Monténa, Nevada, New Mexico, Utah, and Wyoming; Pacific: Alaska, California, Hawaii,
TABLE 2. Demographic characteristics of legionellosis cases --- National Notifiable
Disease Surveillance System, United States, 2000--2009
Characteristic TNo. (%) lAverage per 100,000 population*
Age group (yrs) i

<9 79 (o) 0.02

10--19 125 ) 0.03

26--2% 516 (2} 0.13

30--39 1473 | 0.36

40--49 3,622 (16) 0.81

50--5% 5,401 (24) 1.44

60--69 4,658 (21) 1.94

70-79 3,672 16)  |2.29

=80 2,864 (13) 2.66
Sex

Male 14,255 (63) 0.97

Female 8,018 (36) 0.53

Unknown ‘(145 (1) -—
Race

American Indian/Alaska Native | 66 (0) 0.21

Asian 206 Q1) " loag

Black 3,422 (15) 0.87

White 14,287 (64) 0.59

Other 411 (2) -

Unknown 4,026 (18) - ,
Total 22,418 {(100) 0.75
* Crude incid rates, not age-adjusted

Pacific 0.18 0.16 0.7 0.24 0.19 0.26 |0.28 0.32 048 0.43
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FIGURE. Annual average percentage of legionellosis cases occurring annually, by
month and U.S. Census region* --- Unite_d States, 2000--2009
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ABSTRACT

BACKGROUND N
Ehrlichiosis is a clinically important, emerging zoonosis. Only Ehrlichia chaffeensis
and E. ewingii have been thought to cause ehrlichiosis in humans in the United States.
Patients with suspected ehrlichiosis routinely undergo. testing to ensure proper di-
agnosis and to ascertain the cause.

METHODS .
We used molecular methods, culturing, and serologic testing to diagnose and ascer-
tain the cause of cases of ehrlichiosis.

RESULTS

On testing, four cases of ehrlichiosis in Minnesota or Wisconsin were found not to
be from E. chaffeensis or E. ewingii and instead to be caused by a newly discovered
ehrlichia species. All patients had fever, malaise, headache, and lymphopenia; three
had thrombocytopenia; and two had elevated liver-enzyme levels. All recovered af-
ter receiving doxycycline treatment. At least 17 of 697 Ixodes scapularis ticks collected
in Minnesota or Wisconsin were positive for the same ehrlichia species on polymerase-
chain-reaction testing. Genetic analyses revealed that this new ehrichia species is
closely related to E. muris.

CONCLUSIONS

We report a new ehrlichia species in Minnesota and Wisconsin and provide sup-
portive clinical, epidemiologic, culture, DNA-sequence, and vector data. Physicians
need to be aware of this newly discovered close relative of E. muris to ensure appro-
priate testing, treatment, and regional surveillance. (Funded by the National Institutes
of Health and the Centers for Disease Control and Prevention.)
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HRLICHIOSIS AND ANAPLASMOSIS ARE

tickborne zoanoses caused by obligate in-

tracellular gram-negative bactetia in the
family Anaplasmataceae.® Symptoms typically in-
clude fever, myalgia, and headache, with rash in
rare instances. Severe disease may be associated
with gastrointestinal, renal, respiratory, and cen-
tral nervous system involvement and, in rare cases,
death.

In the United States, ehrlichiosis in humans is
caused primarily by infection with Ehrlichia chaffeen-
sis, which infects monocytes, and less commonly
by E. ewingii, which infects granulocytes: Anaplas-
ma phagocytophilum is closely related to the ehr-
lichiae and causes human granulocytic anaplas-
mosis.*? E. ewingti and E. chaffeensis are transmitted
to humans by the bite of an infected tick, Ambly-
omma americanum, whereas A. phagocytophilum is
transmitted in the United States by the ticks Ixo-
des scapularis and L. pacificus.®

Ehrlichiosis is a clinically important, emerging
zoonosis. E. chaffeensis, A. phagocytophilum, and
E. ewingii were first recognized as human patho-
gens in 1991,* 1994, and 1999,° respectively. Since
then, E. canis and E. muris have been implicated as
causes of human illness in Venezuela and Russia,
respectively.® However, only E. chaffeensis and
E. ewingii have been thought to cause ehrlichiosis
in humans in the United States.

METHODS -

PATIENTS
EDTA-anticoagulated samples of whole blood ob-
tained from patients throughout the United States
with suspected ehrlichiosis or anaplasmosis were
submitted for polymerase-chain-reaction (PCR)
diagnostic testing for ehrlichia and anaptasma at
the Mayo Clinic in Minnesota. Patients with con-
firmed ehrlichiosis in Minnesota and Wisconsin
were interviewed by staff members of local and
state health departments according to a standard-
ized questionnaire to obtain demographic, clini-
cal, and epidemiologic informatjon, and medical
records were reviewed.

All participants provided written informed con-
sent for collection and testing of additional blood
specimens. Research protocols were approved and
monitored by the institutional review boards at

the Mayo Clinic and the Centers for Disease Con-
trol and Prevention (CDC).

REAL-TIME PCR ASSAY

DNA was extracted from the blood specimens
(MagNA Pure Instrument, Roche Applied Sci-
ence) and tested for E. ewingii, E. chaffeensis, and
A. phagocytophilum DNA with the use of a real-time
PCR assay® with primers and fluorescence reso-
nance energy transfer—labeled probes targeting a
conserved region of the GroEL heat-shock pro-
tein operon. Polymorphisms in the sequence tar-
geted by the probes allowed for differentiation of
the three species by means of analysis of melting
temperature, Specimens with an atypical result
(melting temperature outside the predefined rang-
es) were tested with the use of a SYBR Green PCR
assay targeting the 168 ribosomal RNA gene (rrs)
of Anaplasmataceae,’® a nested PCR assay of the
GroEL gene (groEL),** or broad-range rrs assays*?
(see Table 1 in the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org).

DNA SEQUENCING

Amplified DNA fragments were sequenced (3730
DNA sequencer, Applied Biosystems) and analyzed
(Sequencher software, version 4.2; Gene Codes).
New sequences were submitted to GenBank (acces-
sion numbers HM543745. for rrs and HM543746
for groEL). New, homologous sequences of infec-
tive bacteria and related bacteria were aligned
with the use of ClustalW software, and phyloge-
netic analysis was conducted with the use of Mo-
lecular Evolutionary Genetics Analysis software,
version 4.0.3

CULTURE ISOLATION

Buffy-coat and erythrocyte fractions of the whole-
blood specimens were processed and inoculated
into a tick cell line (ISE6, derived from I. scapularis)
and a mammalian cell line (RF/64A, derived from
rhesus monkey choroid retina; American Type Cul-
ture Collection number CRL-1780), according to
published protocols.** Mammalian cell cultutes
were incubated in RPMI 1640 medium with 10%
fetal bovine serum at 37°C in 5% carbon dioxide,
whereas ISE6 cultures wete incubated at 34°C in
sealed flasks.?s Cells were examined microscopi-
cally for intracellular morulae (bacterial clusters)
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of ehrlichia and anaplasma with the use of phase-
contrast or bright-field microscopy.

SEROLOGIC TESTING

Serum and plasma specimens from patients with
an atypical groEL PCR product were tested for IgG-
class antibodies reacting to E. chaffeensis or A. phago-
cytophilum with the use of a commercial indirect
immunofluorescence assay (Focus Diagnostics).»s
Serum and plasma samples were also tested by
means of noncommercial indirect immunofluo-
rescence assays developed and used at the CDC for
IgM- and IgG-class antibodies against E. chaffeen-
sis, A. phagocytophilum, and an ehtlichia species iso-
lated in this study'’; antigens were derived from
canine monocytic DH82 cultures infected with
ehrlichia and human promyelocytic HL-60 cultures
infected with A. phagocytophilum. A reciprocal titer
of 64 or higher was considered positive for both
assays.

MORPHOLOGIC EXAMINATION OF PERIPHERAL-
BLOOD SMEARS

Wright-stained peripheral-blood smears from each
patient with an atypical groEL PCR product were
screened for the presence of intracellular moru-
lae characteristic of ehrlichia species.

TICK COLLECTION AND DNA EXTRACTION
Ticks were collected in June and July 2009 by the
Wisconsin Division of Public Health, Medical Ento-
mology Laboratory, University of Wisconsin—~Mad-
ison and the Minnesota Department of Health.
Tick collection was conducted by dragging a fab-
ric flag (1 m by 1 m) across vegetation at or near
residences of patients in northwestern Wisconsin
and northeastern, central, and northwestern Min-
nesota. DNA extraction from ticks was performed
with the use of a modified version of a published
protocol,*® with three to five nymphs from Wiscon-
sin processed at a time. DNA was tested with the
use of the groEL fluorescence resonance energy
transfer assay and the rrs SYBR Green PCR assay.

RESULTS

REAL-TIME PCR ASSAY AND SEQUENCING
From June 1 through December 31, 2009, a total
of 4247 biood specimens from residents in 45 states
were tested by means of groEL PCR assay. Of the
1518 specimens obtained from Wisconsin and
Minnesota residents, 163 (10.7%) were positive for
A. phagocytophilum (35 from Wisconsin and 128

from Minnesota), whereas none were positive for
E. chaffeensis or E. ewingii. Three additional Wiscon-
sin residents and oné Minnesota resident had
positive PCR tests with a melting temperature
that was outside the melting temperature range
for E. chaffeensis, E. ewingii, and A. phagocytophilum
(Fig. 1 in the Supplementary Appendix). This atyp-
ical result was not found for the 2729 specimens
collected from the 43 other states.

The four specimens with an atypical groEL PCR.
melting temperature also tested positive for Ana-
plasmataceae rrs with the use of the SYBR Green
PCR assay. The nucleotide sequences of the am-
plified rrs and groEL fragments were identical
among the four specimens and shared 98% se-
quence similarity with the homologous trs and
groEL genes of E. muris (Fig. 1).

CULTURE ISOLATION

Two ehrlichia species isolates (designated Wiscon-
sin 1 and 2) were cultured from blood specimens
obtained from one of the four patients 3 and
4 days before culturing in ISE6 and RF/6A cell
lines. Sequence analysis of the PCR-amplified por-
tions of rrs showed that they were identical to each
other and to the sequences obtained from the clin-
ical specimens with the atypical melting-temper-
ature results.

Morulae were detected with the use of phase-
contrast microscopy of live RE/6A cultures 5 weeks
after inoculation. Fixed and stained ISE6 cells con-
tained one to three large morulae per cell, whereas
RF/6A cells contained numetous, small morulae
(Fig. 2).

SEROLOGIC TESTING
Of the four patients with atypical PCR results,
two (Patients 2 and 4) (Table 1) were tested by
means of the commercial indirect immunofluo-
rescence assay. Serum samples collected from
Patient 2 were negative for IgG antibodies to
E. chaffeensis (i.e., titer <64) on days 2 and 15 after
the onset of fever, whereas serum specimens from
Patient 4 were positive (i.e., titer 264) for IgG anti-
bodies on day 5 (titer of 256) and day 54 (titer of
1024} after the onset of fever.

In addition, serum and plasma specimens from
three of these four patients were tested by means
of the CDC indirect immunofluorescence assays.
At least one specimen from each patient tested
was positive for IgM or IgG antibodies reacting
to E. chaffeensis, and the titers were even higher in
response to the new ehrlichia species. A ‘speci-

EMERGENCE OF A NEW PATHOGENIC EHRLICHIA SPECIES

men obtained 15 days after the onset of illness
from Patient 2 had high titers of IgM and IgG
antibodies against the new ehrlichia species; in
a specimen obtained 188 days after onset, IgM and
IgG antibody titers were substantially reduced.
Patient 4 had a strong seroconversion with a high
IgG antibody titer 76 days after infection. No anti-
bodies reacting to A. phagocytophilum antigens were
detected (i.e., titer <64) in three patients with the
use of the commercial or noncommercial assay.
Specimens from Patient 3 were not available.

PATIENTS AND CLINICAL PRESENTATION
The four patients had an onset of iliness between
June 8 and October 27, 2009. Their ages ranged
from 23 to 51 years; two were men (Table 2). All
four patients whose specimens were positive for
the newly discovered ehrlichia species reported
fever, fatigue, and headache. Patient 2 also report-
ed nausea and vomiting. The interval between the
onset of illness and the physician visit was 1 to
4 days. Laboratory findings included lymphope-
nia {in all four patients), thrombocytopenia (in
three), elevated hepatic aminotransferase levels (in
one of the three patients tested), and mildly ele-
vated alkaline phosphatase levels (in one of the
two patients tested). No morulae or other blood
parasites were detected in peripheral-blood smears.
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Two patients had previously received solid-
organ transplants and were taking immuno-
suppressive drugs at the time of diagnosis. One
patient had cystic fibrosis and had undergone
bilateral lung transplantation 2 years before the
onset of illness; medications received included
mycophenolate mofetil, cyclosporine, and pred-
nisone. This patient was hospitalized for 3 days
during the acute illness for management of an
infiltrate in the left lung and pleural effusion on
the left side for which a specific cause was not

424 N ENGL J MED 365;5 NEJM.ORG AUGUST 4, 2011 N ENGLJ MED 3655 NEJM.ORG  AUGUST 4, 2011 425

The New England Joumal of Medicine
Downloaded from nejm.org at MITSUBISHI TANABE PHARMA CORPORATION on September 6, 201 1. For personal use only. No other uses without permission.
Copyright © 2011 Massachusetts Medical Society. All rights reserved.

The New England Joumnat of Medicine
Downloaded ffom nejm.org at MITSUBISHI TANABE PHARMA CORPORATION on September 6, 2011. For personal use only. No other uses without permission.
Copyright © 2011 Massachusetts Medical Society. All rights reserved.

-163- ' : -164-



426

Downloaded from nejm.org at MITSUBISHI TANABE PHAR

The NEW ENGLAND JOURNAL of MEDICINE

determined. The symptoms improved after ad-
ministration of ceftazidime and doxycycline. The
second patient had received a renal allograft
4 years before the onset of symptoms and was
receiving mycophenolate mofetil, tacrolimus, and
prednisone. This patient had acute kidney in-
jury (serum creatinine level, 2.2 mg per deciliter

[194.5 wmol per liter] vs. a baseline of 1.2 mg per .

deciliter [106.1 wmol per liter]) and was success-
fully treated with doxycycline. The two immuno-
competent patients had relatively mild illnesses
and were successfully treated with doxycycline.
The patient from Wisconsin received doxycycline
at 100 mg twice daily for 21 days, and the patient
from Minnesota received the same regimen for
10 days.

EPIDEMIOLOGIC INVESTIGATION

All patients reported peridomestic (e.g., from mow-
ing the lawn) or recreational exposure to ticks or
wooded areas (Fig. 2 in the Supplementary Appen-
dix). The three Wisconsin patients resided in Eau

Claire or Burnett County, and one reported trav-
eling to Bayfield County in northwest Wisconsin
1 week before the onset of illness. The Minnesota
patient resided in Rice County and had traveled to
a wooded area in Pine County, Minnesota, within
30 days before the onset of symptoms.

TICK COLLECTION AND PCR ASSAY

A total of 697 ticks were tested. DNA from the
newly discovered ehrlichia species was detected in
16 0f 534 I. scapularis ticks (7 nymphs and 9 adults)
from Minnesota, as well as in 1 group of 5 nymphs
(of 154 total) from Wisconsin (where the mini-
mum infective rate is 6.5 infected nymphs per
1000 nymphs tested) {Table 2 in the Supplemen-
tary Appendix). No DNA from the newly discov-
ered ehrlichia species was detected in 9 I scapularis
adults from Wisconsin or 88 Dermacentor variabilis
adults from Wisconsin.

DISCUSSION

We have identified a new ehrlichia species (sub-
sequently referred to as ehrlichia species Wiscon-
sin) in blood from four patients living in Wiscon-
sin or Minnesota, by using molecular, culture, and
serologic methods. The presence of ehrlichia spe-
cies Wisconsin DNA in blood specimens from
these patients collected during the period of acute
illness suggests that this organism was the etio-
logic agent of their infection. This is supported
by the results of serologic testing with whole-cell
antigens of the Wisconsin isolate: IgM and IgG
antibody responses against the species were pos-
itive in the three patients tested, with consistently
higher titers than those to E. chaffeensis. All four
patients recovered after administration of doxy-
cycline, which is the antibiotic of choice for the
treatment of ehtlichiosis.

The identification of ehrlichia species Wiscon-
sin in humans has important clinical and epide-
miologic - implications. Ehrlichiosis was not pre-
viously thought to be endemic in Minnesota and
Wisconsin and would not be routinely tested for
among patients from these areas. Also, commer-
cial tests for ehrlichiosis may fail to provide an
accurate identification of this organism. The con-
siderable serologic cross-reactivity of the Wiscon-
sin isolate with E. chaffeensis could confound diag-
nostic and epidemiologic studies and may explain
the recent increase in the numbers of cases at-
tributed to E. chaffeensis infection in Wisconsin
and Minnesota on the basis of serologic testing
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Days from
lliness Onset
Patient  to Specimen Specimen
No.j Collection Type
New Ehrlichia
Species
IgM 1gG
2 18% PlEsmia e TR
2 2 Serum NA NA
by G Serime 81000 L TR
2 188 Plasma 16 64

Mayo Clinic. NA denotes not available.
+ Specimens from Patient 3 were not available for testing.

Reciprocal igM and IgG Titer, CDC Assay

Reciprocal 1gG Titer, Mayo Clinic Assay

LiNa N NATS L NA

NA NA

* Antibody titers were assessed with the use of a noncommercial indirect immunofluorescence assay at the Centers for Disease Control and
Prevention and with the use of a commercial indirect immunofluorescence assay testing for IgG antibody but ot IgM antibody) at the

E. chaffeensis A phagocytophilum E. chaffeensis A, phagocytophil
igM 1gG igM 1gG
i el T R NA NA
NA <32 NA <32 <64 <64
P e e el
<16 32 <16 » <16 NA NA

only. In addition, PCR assays for E. chaffeensis and
E. ewingii may not detect ehrlichia species Wiscon-
sin because of lack of primer and probe homol-
ogy. The ehrlichia~anaplasma real-time groEL PCR.
assay used in our investigation has the advantage
of providing differential detection of ehrlichia
species Wisconsin from E. chaffeensis, E. ewingii,
and A. phagocytophilum on the basis of differences
in DNA composition of the amplified fragment.?
Finally, detection of morulae in peripheral-blood
samples from infected persons is an unreliable
means of diagnosing infection with ehrlichia spe-
cies Wisconsin. Morulae are detected infrequently
in blood from patients infected with ehrichia spe-
cies?® and were not found in blood from our four
patients. )

Ehrlichia infections in the United States are
commonly transmitted by A. americanum. However,
the northern range for A. americanum is not thought
to extend into Wisconsin and Minnesota, and pub-
lic submissions of A. americanum ticks to the Uni-
versity of Wisconsin-Madison or the Minnesota
Department of Heaith are uncommon. In contrast,
both D. variabilis and I scapularis are abundant,
human-biting species in northwestern Wisconsin
and Minnesota. The presence of ehrlichia species
Wisconsin DNA in at least 17 I scapularis nymphs
and adults, as well as the absence of ehrlichia
DNA in the D. variabilis ticks tested, suggests that
L scapularis is a vector for ehtlichia species Wiscon-

sin. Bxtended investigation and tick surveillance
are required to understand the distribution of this
agent in Wisconsin and Minnesota and to defini-
tively implicate a specific tick vector.

The new ehrlichia species reported in this study
is closely related to E. muris (with approximately
98% sequence homology), but its exact taxonom-
ic placement cannot yet be determined, because
only a few isolates and limited genetic data are
available. E. muris is considered to be an Old World
pathogen found in different ticks of the L persul-
catus complex ranging from Eastern Europe to
Japan,2%2921 E. muris DNA has been detected in
the blood of small rodents and deer from these
areas,?? suggesting that these animals may be
reservoirs of E. muris and related organisms. We
are also aware of at least 2 PCR-confirmed and
84 serologically diagnosed cases in humans at-
tributed to E. muris infection in the Perm region of
Russia.}? Similarly, Japanese investigators report-
ed a 1.1% seroprevalence of antibodies against
E. muris among 1893 Tokyo residents, with an
even higher seroprevalence among rodents (6 to
63%)?3; howevey, it is difficult to ascertain wheth-
er these antibodies in mice and humans are re-
lated to E. muris or to other antigenically related
organisms, because multiple ebrlichia agents have
been reported from the same region.10-242¢

In summary, we have characterized a newly
discovered ehrlichia species with supportive clini-
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* ALT denotes alanine aminotransferase, AST aspartate

(not performed or not reported).

ferase, and NA not

cal, epidemiologic, culture, DNA-sequence, and

gence Service, A(Ianta, April 19-23, 2010; the International

vector data. Further assessment of the ecologic, Sormerosor Sergiog Iafections Diseases, Atlana, Bly ;;e::s
epidemiologic, and clinical features of the infec- - and Chemott Boston, ber 12-15, 2010; the annual

tion caused by this species is required to facili-
tate its distinction from other known tickborne
infections in this region. To guide diagnostic test-
ing and treatment, physicians should be aware
that a novel pathogenic ehrlichia agent is present
in Minnesota and Wisconsin and that organism-
specific PCR and serologic testing can be used to
identify the cause of suspected infections.

Noteadded in proof: After this article was submitted, Telford et al.
reported findings of an E. muris-like bacterium in Wisconsin I stapu-
taris ticks collected during the 1990s.2*
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2009 {nane WNV positive) and 14,786 in 2010 {2. 1.3% WNV positive), For
both the cornsidered methods the need of test repetition was low (under 3%).
Discussion: WNV is a relatively new health threat in Italy and bis impact
on the National Blood systems is not predictable. Thus, the most effective
strategies: surveiliance, donors deferral, NAT screening wili have to be re-
evaluated over time. The rapid introduction of the WNV NAT assay in
response to the notification, in 2009, of human neuto-invasive NWV in-
mnﬂ:num is an example of the ability of regulatory agencies, blood testing

d and test f to respond quickly to emerging
-borne pathogens.

Po384
TRANSFUSION TRANSMITIED HUMAN GRANULOCYTIC EHRLICHIOSIS
Levicnik Stezinar S°, Rahne Potokar U', Avsic Zupane T2, Jereb M?

Blood Transfusion Centre of Slovenia, Liubljane, Siovenia *Institute for
Microbiology and Immunolugy, Ljubliana, Slovenia *Clinic for Infectious
Diseases, Ljubliana, Slovenia

P-385

SEK VIRUS INFECTION IN [RANIAN THALASSEMIC PATIENTS
Sharifi Z', Mahmoodian Shooshtari M

*Iranian blood transfusion orgaxization, Rescarch center, Tehran, Jran
2jranian Blood Transfusion Organisation Research Center, Tehran, Jran

Background and objectives: SEN virus {SEN-V) is a blood-borne. single-
stranded, noo enveloped DNA virus.

Reta-thalassemia is very common in Imn and some Mediterraean
countrics. Most of these patients need blood transfusion which increases
the risk for hlood ~boroe viruses. The airn of this study was to investigiate
the prevalence of SEN-V-D and-H viremia among thalassemic patients.
Material and methods: Sera of 260 blood donors and 40 thalassemic
paticnts,who were negative for serum Hepatitis B surface antigen (HBsAg)
and third-generation HCV antibody {anti-HCV) were tested for SENV-D
and -H DNA: DNA was exiracted from plasma samples and amplified by
semioested PCR.

Results: SENV-D viremia was detected in 4 {1.54%]} and 2 {5%) of 260
blood donors and 40 thalassemic palienis respectively. SENV-H viremia
was detected in 47 {18.08%) and 18 (45%) of 260 blood doners and 40

Human locyti L is (HGA; ly known
as “human granulocytic Z_:—.._Eauw.q is a tick-bom zoonosis that i is nm:ma._
by an obligate i flular b Anapl phagacy

Human nfection is usually tick borne.

Ajms: A possible transmission of anaplasma acquired through a SE&:.
sion of red blood cells is reporied.

Case report: An elective caesarean section and consecutive surgical revi-
sion vas performed on 2 36-year-old woman. 6 uaits of RBC and 2 units of
FFP were transfused 9 days later the patient developed a feves, which in
few days tumed into acute respiratory distress syndrome {ARDS). An in-
fection with YIGA was confirmed. The only possible cause of infection
conld have been in the fusion of blood

Methods: The diagnosis of the patient was confirmed when Anaplasma
phagocytophilum was detected using PCR. The PCR and IFA serology
testing for 1gG Anaplasma phagocytophilum was performed on the 8
transfused dopations.

Results: One of the blood donor samples was retrospectively identified as
PCR positive and 1gG reactive (:-1:1024)

Table 1: Results of testing donor and recipient for anaplasma phagocy-
tophilum

+19 days.

+ 25 days |

Conclusions: We investigated and cdnfirmed the case of severe IGA with
ARDS ifted hy hlood jon. The infectior occurred after the
transfusion of leucoreduced red blood cells. The efficacy of leucoreduction
is probably small. There were no other recipients of the disputable dona-
tien. A psoralen inactivated wnit of pooled plateiets had already expired
.:.a was ue used for transfusion. The FFP was destroyed. This proven
i fur the temparasy tleferral of blood,

donors with a histery of tick bites.

© 2011 The Authors

ic patients respectively, SENV-D or SENV-H viremia was iden-

tified in €0 {23.08%) and 19 {47.5%)} of 260 blood donors and 30 tha-

lassemic patients respectively.

Conclusions: The prevalence of SENV-H js more than SENV-D. SENV
is higher in thal ji is thap ir: blood denors. The high

frequency of SENV infection among thalassemic patients could be asso-

ciated with blood transfusion

Key Words: Bloed donos, Prevaience, SEN Virus, Thalassemic patienL

P-386

EFFICACY OF TEMPORARY EXCLUSION OF TRAVELLING BLOOD
DONORS

Prinsze F, Zaaijer HI.

Songuin Reseorch, Amsterdam, The Netherlands

Background: Travelling donors who unknowingly import exotic infec-

tiovs endanger the safety of the blood supply. Outhreaks shouid he eval-

uated rapidly after the first sigoals of an emerging disease appear; only a

timited time frame is available for analysis, decision making and im-

! jox of safety Using d istic calculations we es-

timated in hindsight the threat of five emerging epidemics abroad, that did

(1 = 3) and di¢ vot cause {n = 2} temporasy deferrai of travelllng Dutch

blood doners.

Method: Three outhreaks were analysed thatl caused teroperary exclusion

of donors returning from the area involved: (1} ap outbreak of West Nile

Virus {WNV) in Emilin Romana-haly {78 notified cases with hospitaliza-

tions); {2] WNV outbreak in West ia-Greece {208 notified cases}:

and (3) the Chikuugunya outbreak i Thailand {12115 notified cases). Two
outbreaks without deferral of donors were lysed: {41 the

Sandfly Fever Sicilian Virus {SFSV} outbreak o the Ankara region-Turkey

{260 notified cases} and {5) the Hepatitis A outbreak in lLatviz {2817 no-

tified cases).

Sources of data and assumptions:

(1) Data on Dutch tourisis were oblained from the Dutch Bureau of
Statistics, We assume that 5% of Duich tourists are blood donors.
Because donors are relatively healthy they are assumed to travel swice
as much as the general population. (2) Dutch tourists are assumed to
visit the same regions as ali tourists; as reported by statistica; offices in
the countries involved. {3} The incidence among tourists {i.e. per time
unit) is assummed to equal the repored incidence in tbe Jucal
populations.

Results: The estimated numbers of returning, infected Dutch blood donors

are as fallows: | 1) WNV outbreak in Emilia Romana resp. in Macedonia: .2

resp. 0.5 infected returning douors,

2] Chikungunya outbreak ip Thailand: 1.6 infected returning donors.

{3} Sandfly virus fever in Ankara region: 0.06 infected returning donors,

{4) Hepatitis A in Latvia: 0.6 infected returning donors.

Journal compilation € 2011 International Society of Blood Transfusion Ver Sanguinis (2011) 101 (Suppl. 1). 1-352
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IASR 32-8 54 Lf, WFEIEHLEE, AEEAEIK, BIEIR, BIEEBIHRIEE B %, Borelia burgdorferi ... /3 R—

JRC2011T-035 "

LBEEDFALFORERR AR —BRI3BIOREH

(Vol 32 p. 218-219: 2011488 8)

1. LIz

A LKITEER THBZREON—SN—E D Borrelia burgdorferi sensu latoZ B H T5YF ZH(BARTIHL 2 LYz H ) OIS
SYELZESESEFETHD, BEMRITRLT A D) . B UED KA SN . BB B EHTEE (erythema chronicum
migrans; ECM) | BAE M IRERELE OMBER, BERALEEEL, BRITITBY Z /A4 E 8 2 (acrodermatitis chronica
atrophicans; ACA) , BART L E X 29 3, HFHMLMECMA A SN NS HENABR SIS A §A . R4 2 HMBEOMEATHCT, B
i BREREAROESILBIAERT. MEZH Y. RESORRLEOREEHELT H. EEF2004FETIBNEKR E B
TIBHOSALFEREBLD (| ShIFRHBOBERAOEBULE SOHIEHTINS. EENBEORRAREELEEI~IAD
SALRBENERLCEY, LEEICREANERIOMERE T HEREL TS, LA T0FFETIZ, LWED S LIFEHE
EMIL2000EBRHEHERET D COTERIBHIOSA LABOBEENBHEERL, STABOREOENLEHTEALEL,

2. 1 LRO—BNEERF R & BRI LROECM )
SALBOFERITERQ, 1) . &3 ED ITKHSh, UTFITERT 5. .

1 (REXD) ECMIZ T ¥ AR S A RHHE R B TS EY . BDICE A AT 5, SRS, B3, HiE. SaNEnEOmkes
oY BEE. UL SHIEELALN BT ENHY., 4 BB ‘

1L (TEERMA) :ECMAR S IR IS A DN I U (RIS BT . R/ GRE, BRBERELTA-V block Diby BRI EHTHITHD
B, Ffe, ERMMERE, MERE WEALS A0, YRR ~#H A

W $ (R0 300 B ~ BUEITh 1Y ACA, B ORI MBS, KEHO IR LERE H - BUREHEAH NG,

ShaI~ I OERPIREICHRE TS, DEEYIHIOER (FERHEHE) SRETHILLHL . RI-HELRELLHEECM
OFELTWEIESRET DL EH 5. PR TLECMOHREBE X BHIL50~70% LD TO A, BERF ESILEOBE
ERBLTHLT. TOHEIROBISET HLLDITNS, Ef- BERFITIHEITBR B ESICECMESD BEER () TLEE
BEMNZL, YL FICECMOBRRBE R D,

ECMIZe ¥ — ettt M B~ 1hBRITHERSEFOICESRABETHEEY, RRICHRLTIBRICAY, B10emBl kITH 2, 224
O TlETbul's eye )& TRHEM Bring-shaped erythema GBIRALBE) A1Z <. homogeneous erythema (M — I BI) LAEEASZ LY, FizH

REEBIRIZAY | hemorrhagic erythema (B IPER B I3 8455 . MITREMERT. /KA, BAEHEOEEE482) O
KBHET B, EBIZE1 ~2emIEE Datypical stationary erythemadBIZHEET 5. SOSAREREBES, BER. RBD
5, BEI30I CIEBARITBIAT2/51 (6496) . ¥ —HLBIATI6H] (32%) THoi-, F = RIS ERIL B ILFRSS BHITIESE B %S KB
SMERELTIFECMITHE- TR, SHEARK. HNA. M. ¥ HBS0E<DBEE. U/ SEENASIS . RSB TIE5%
DTICBEEAREETE OSZERNZONLEERSLS,

3. BRSILBIHOEHR

FHTCIE198TFIZREFCIH EHERESD ThCLUE, EITAEE, RN AL C200M U L OEAOEEN K ESND, RiEH
BARShZBHE BREHELIT (B bugdorferisensu lato) 2 R BT EYA HABEB AT 2 VT ZIBLh COTE S
13 MCITES1,000m U EDIERE LS LU, ABEAEOESMEICERTELHEEESND, LaLYIIE O TRTAB.
burgdorferi sensu lato® B L TWAh T TlEiL, _mlmm#Sﬁ,ﬁ,%dm@@ﬁ&nﬁﬂm@__Hdw.ﬂﬁ__uwmemmmm.mw\%mwwmrdramuHN&A
ZUA, A TRIF RO BERI/SBETHS, ChIEFRTEY A XD PESHERZLB RS BESTIAELD
CHLT, A EOY YT ZORBIRIFEAENHRITEDED  RAISIYNRYRELYHAXIIRY, BEHFBRELYOTO
RS S,

FALFAR T ZHBENSE EDBVDHETRET SMETHETH oA, 1995~2000F DS EMITILFEN BILEFEH I O

BERRE D OICHE QA EBLULTY RRES) IX70001HY . TOSLECMAREL . KLY THEEBMES L X MEREKEEDS
A LIRERFINS6H](8.0%) THAZEN D, ML) THEMBICENTESA LBARET BT RREN10%REGLERE
B, FHaIL1989F (215 ES) OTALARBEREL TLE., FIBLTEC004EECISNIF O ERFEEIEL. TD 56528 FBSKI

=172~
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IASR' 32-8 1 LR, HEEALET, AMSIELR, AIEIS, 1B IEEBIEREI% R S 48, Borrelia burgdorferi .. 2/3 R—
EHERNT, RBHISORLYTHEEEE6,7) ICXBTHNHTHILA,

AEDESFFRIEIBIFCHY, LBWMEDS LB RIECMITRESN I EEBERAERT, EUEZOLEEEL05](80%) &, Bk
AR, Ff £ 25 ERBAENLSFEROEREEL TR Eh 205 (26%) . 1151(9.7%) HEC, MEEICHT RS
BIFC, —RISBEFAZL, Fi, BROFNMISHEN 250 BHEOYSTFHBH A EEUEM I, — B0 BHEA 22
F19%)IcBHbn iz, ThoMMMRILAEIZHT 2 REEEC ECMOBEREEHITERME LT 5., Ff2L. 19995 MR %
AEHEERAHEICL>TBHSh N OBRALER TR E L., EEREFEN3ME-10) (27%)I=a45h  BiiEk9) 152
BbNTz, BB TIEH S A BEIZHES Jarisch-Herxheimer RIS 1) M LATLHE BT RETH D, £f-. BIETIEING Plojisi-e=

BEICRRENDIEBDSALEHNBELTCRETHLIRR L, RLYTZ01OOFEEDR LD, ABHEENEL., HEEEE
HIERT SERKIR. vector CHHYHT —DRLVEE . EHOBEABEL TV LTSNS, b7y, HEMHDIL BHEBESA
LFRCIE, AEEICEPARBLERIOA-ST BRAR 250K, NEEY. SEORBHETLLOBEERI BETS
SIS, AESERNSIIEHREELIBERLOEWALFTANSBBICH>TUO . ALV TESELEMOER/ARER
T, meta—analysis D$EER12) | 2006 DISDA (Infectious Disease Society of America) DF 1 E 542 Tldpost-Lyme disease syndrome
(PLDS) HHRIBERTL A, PLDSOARIZ DOV TR EDEMZ A TN TN Dcontrolled trial AN T, TSEREERER
HOEREG S, Lo T COLSUEFERBRUSA F, BV REEICLIAEE 13~ ZADAEIL TN IE T R4
BOIEERBRIIANT) . EOGRITHERE (LA ETIMNTFUL-BRB/RI TR/ —LIBERERSh TV S, B2 I3EYE
FRLBEOBIE. SRS OMBAOREE. BEE N ERTIPLOSERE DA AEHE I FIRBRLEOTRETS.

4. EREE

ERME. Bl

)3 20064105 208

R ETROLUA, FBRER, B2% K2 8iF

K 2006 E6 588, L/EIOIMTCETREYS —HliE. BH THEELE. QARAAISRRMGEIC2MEEBEEL, XT3
HIMEAEBRDZL. MFEAILRZLTOYMITE garinil ik DG, MELIZBE TS A LAREBEHEN, S/ 9YLBEES
T $IBEEEBLI A, ZROFAAZRY, BREGS LIz 2BBTFSH AU ORIFTLERE S, EhhiET, S80S
{CABGABEREL120. 2006511 oA ST ARRABELT=,

BE: ET ISR 0K 1 omDIER (X4 ZHIBAR) &2 O LAISHIRISR > TRV RO S,

ABBFHRZRT R : %L H RIXWBC 5,700, Hb 13.7, PLT 23575, CRP 0.37, RF 3.4, ASO 18, ALP 263 , GH50 531, AST 18,
ALT 10, LDH 171, BUN 11.9, CRE 0.94, CPK 1852 &7 {, RLY 7 Hiik042(EIA) . DEM. DII—RELL . HLABRRITHLA A2,
A33, B61, B44. DR, DR13.

ERERAEA: PLDSE (S BMEMSILABEE R, £7FTHVL 2%/ BOSHLLBMBEHELE. TROFREHIRSL, BELH5
Nt LU, R BETIROSE A BREL-. BREILEBM ARV LEHRAO L KES 5459 U INREMIBLE. 15 A
EHSHBER. THOME, £dHETLHE. FAOFELHY. TS 1HFRRL TEE D ELF-(2007.3.16)  HE~ D FEREEH
T A4ANLEBTIENS. EO%. 2hAIC1ERBER BB, TR THH(2008.1.1888) . BBEBLTFIM)TFYUILE
RALimotz, : -

B3
DBARZER, RIE —. MB Derma 114: 46-53, 2006
2)Kawagishi N, et a/ ., Dermatology 197: 386-387, 1998
JBHB—. . B HEEE 97: 1133-1135, 1987
HIBERER b, BEEE 112 1467-1473, 2002
SHEARB R, fih, BRE 43: 1097-1100, 1989
IR T, fth, B R &3 102: 491-495, 1992 )
NHashimoto Y, et al., Dermatology 191: 193-198, 1995 . e
OIRFIEZ . b, BB S5 103 1895-1899, 1993
9Hashimoto Y, et a/.; Br J Dermatol 138; 304-309,1998
IOMLABEET. . BEE 57: 1052-1055, 2003
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1BRE X, Visual Derm 4: 156-157, 2005
12)Cairns V, Godwin J, Int J Epidermology 34: 1340-1 345, 2005
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Centers for Disease Control and ?m«mnwma JRC2011T-034

il CUC 34T Badiyg Lives., Protacting Pesple. Sav Zazﬁ Wougds Prees

Press Release

For Immediate Release: September 6, 2011
Contact: CDC Media Relations
(404) 639-3286 ‘
U.S. blood supply vulnerable to parasitic infection spread by ticks
To reduce risk, Babesia test is needed to screen blood donors

Babesia, a tickborne parasite of red blood cells, is being transmitted through blood transfusions, according
to results of a collaborative study, led by the Centers for Disease Control and Prevention, of data from the
past three decades. Transfusion—associated cases of babesiosis have been increasingly recognized since
1979, the year the first known case occurred.

The article about the study and an mnoogbmmﬁzm editorial appear today online in the Annals of Internal
adicine.

In the report, CDC and collaborators describe 159 transfusion-related babesiosis cases that occurred
during 1979—2009, most (77 percent) from 2000 to 2009. No Babesia test approved by the Food and Drug
Administration is available for screening prospective blood donors, who can feel fine despite being
infected.

Babesiosis is a potentially fatal but treatable complication of transfusion. Severe consequences, such as
multi—organ failure and death, are most often seen in persons without a spleen, the elderly, and those with
a weak immune system. The study authors say prevention strategies, including development of a screening
test, are needed. Some mariufacturers are working with investigators at blood establishments to develop
FDA-approved tests for Babesia for donor—screening purposes.

“We want clinicians to become more aware of babesiosis, including the small possibility of transmission via
blood transfusion,” says Barbara Herwaldt, M.D., M.P.H., CDC medical epidemiologist, and lead author of
the article. “If a patient develops unexplained fever or hemolytic anemia after a transfusion, babesiosis
should be considered as a possible cause, regardless of the season or U.S. region.”

Recause babesiosis is spread most commonly by ticks, the risk of this disease is another reason for people

. prevent tick bites. People who unknowingly become infected through the bite of a tiny tick (about the
size of a poppy seed) can transmit the parasite via blood transfusion. Therefore, prevention of tickborne
infection can help safeguard the blood supply.

Most U.S. tickborne Babesia cases have occurred in seven states in the Northeast and the upper Midwest
(in parts of Connecticut, Massachusetts, Minnesota, New Jersey, New York, Rhode Island, and Wisconsin),
particularly during the warm months of the year. However, transfusion—associatedBabesia cases have been
identified in 19 states and have occurred year—round.

Dr. Herwaldt points out that even severe Babesia cases, not just cases that are asymptomatic or mild, are

easily missed unless the diagnosis is considered. Even then, babesiosis Sﬁnm: is mistakenly diagnosed as
malaria, which also infects red Eooa cells.

In January motv babesiosis became a nationally notifiable disease, which means state health departments
are encouraged to share information about cases of babesiosis with CDC. More accurate information about
tickborne and transfusion—transmitted-cases of babesiosis will help CDC and its partners, including the
Food and Drug Administration, in their continued efforts to make the blood supply-even safer.

Annals of Fﬁmgmw Medicine
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FDA Transmissible Spongiform Encephalopathies Advisory Committee (TSEAC)
23rd Meeting, August 1, 2011
Gaithersburg, MD

Issue Summary

Donor Deferral/Ineligibility for Time Spent in Saudi Arabia to Reduce Risk of vCJD
Transmitted by Blood and Blood Products and by Human Cells, Tissues and
Cellular and Tissue-Based Products (HCT/Ps)

Issue

FDA seeks advice from TSEAC on whether, based on three cases of vCJD in individuals
likely to have been infected with the BSE agent in Saudi Arabia, to modify current vCJD-
related safety recommendations for donors of blood and blood components, including
Source Plasma, and for donors of HCT/Ps, to recommend deferring of certain blood
donors or finding ineligible certain donors of HCT/Ps for time spent in Saudi Arabia.

Background

vCJID in recent Saudi immigrant to Canada. In March 2011 Health Canada described a
probable case of vCJID in a recent immigrant. The diagnosis of vCJD was supported by
results of a tonsil biopsy in Canada showing accumulation of abnormal prion protein
[26]. The patient is a young man, born in 1986, who spent most of his early life in Saudi
Arabia (12 yr) and, later, in neighboring Dubai, United Arab Emirates (4 yr) [4, 11]. He
first showed symptoms of vCID early in 2011 before emigrating from Dubai to Canada.
The probable time of food-borne infection with the BSE agent for individuals with the
patient’s prion-protein-encoding (PRNP) genotype (129MM) falls within the years he
lived in the Arabian Peninsula (estimated median incubation period of food-borne vCID
for persons with the PRNP-129-MM genotype, estimated to be 12 to 13 yr [1, 18]).
Authorities at Health Canada [19] have concluded that the man, who has no history of
surgery or blood transfusion, was probably infected by dietary exposure to the BSE agent
while in the Arabian Peninsula, more likely in Saudi Arabia, where he spent most of his
early years, than in Dubai. It is much less likely, though not impossible, that he might
have been exposed to the BSE agent during a visit of two weeks to the UK in 1995 (near
the end of the UK BSE dietary risk period). He paid a second brief visit to the UK in
2002, six years after the UK dietary risk period is thought to have ended [25]. This is the
third case of vCID plausibly attributed to a dietary exposure to BSE agent in Saudi
Arabia. )

vCJD in other persons born in Saudi Arabia. One previous case of vCID, diagnosed
by brain biopsy at the UCSF Hospital, University of California, San Francisco, and
briefly described by the CDC, occurred in a person living in Virginia who was a non-
Saudi Arabian national born and raised in Saudi Arabia [5]. That person’s family recalled
no history of travel to UK except for connecting flights. An earlier case of vCID in 2003,
never described in detail, affected a 33-year-old Saudi citizen who underwent brain
biopsy at a hospital in Saudi Arabia; vCID was diagnosed from a sample of the biopsy
sent to the Mayo Clinic, Rochester, Minnesota, and confirmed by the National Prion
Disease Surveillance Center, Case Western Reserve University, Cleveland, Ohio [1];
CDC noted that the patient “may have visited the UK, if at all, only for several days”
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(although he had visited France) and conciuded that he was most likely to have been
infected in Saudi Arabia [5].

BSE in Saudi Arabia. Saudi Arabia has not reported any case of BSE to the World
Organisation for Animal Health (OIE) [36]. BSE has very rarely been recognized in other,
countries of the general region: two cases of BSE were reported in cattle imported into
Oman in 1989 [37] and one case in a native bovine in [srael was reported in 2002 [38].
However, Saudi Arabia was identified as having imported live cattle and beef products
from the UK during the period of concern (1980-1996) [24], and Saudi Arabia was
identified as a consignee of meat-and-bone meal (MBM) of UK origin; during the years
1988-1993 when MBM might have been contaminated with the BSE agent [23].

We have assumed, for the purposes of this analysis, that the major risk of human
exposure to the BSE agent in Saudi Arabia was from beef and live cattle of UK origin
exported to the region during the years of concern: 1980 through 1996. According to
Sanchez-Juan and colleagues [24], the UK exported to Saudi Arabia almost 1,000 live
bovines (1980-1990) and about 32,000 tons of carcass meat (1980-1996). Earlier
estimates of exports reported by a representative of the World Health Organization
(WHO) to TSEAC were roughly similar [23]. However, we cannot verify the accuracy of
those figures, We have also assumed that exports of live cattle, beef, MBM and other
bovine-derived products exports from the UK to Saudi Arabia ceased when the European
Commission prohibited such exports both to Member States of the European Community
and to “third countries” in March 1996 [16]. Furthermore, the UK implemented an
enhanced prohibition of mammalian proteins in ruminant feed in 1996 and other controls
to enhance the safety of food for humans and animal feeds by the end of 1996 [25];
therefore, we conclude that the risk of exposure to the BSE agent in any products and live
cattle exported from the UK to Saudi Arabia after that time was small.

We acknowledge that other BSE countries (i.., countries of Europe) might also have
exported beef to Saudi Arabia and neighboring countries both during the years 1980
through 1996 and afterwards, however (1) the much lower rates of both diagnosed BSE
and vCJD cases in other countries relative to the UK suggest that the risk associated with
beef from those countries must be considerably less than for UK beef, and (2) we have
not been able to estimate imports of beef from non-UK countries into Saudi Arabia. We
are also unable to estimate cross-border salés of cattle or beef products in the region or
the possibility that BSE might have been introduced into native ruminants in Saudi
Arabia by the use of MBM—either imported or domestically produced—in animal feed
supplements. Saudi Arabia is estimated to have had about half a million cattle in 1998
and far larger numbers of camels, goats, and sheep [2]. While acknowledging the
theoretical possibility of BSE infections in local ruminants, we concluded that the risk of
such infections is probably much less than that of beef products from the UK and too
uncertain to consider uniess and until reliable information becomes available.

Estimating the possible risk of dietary exposure to the BSE agent in US donors of
blood and tissues during residence in Sandi Arabia.-Since 1999, FDA’s
recommendations regarding deferral of blood and 1..eT.gxbuxty of donors of HCT/Ps
potentiaily exposed to the BSE agent in various countries—geographic deferrais—have
been based on rough comparisons of the estimated risk of oral exposure to the BSE agent

-183-

in various groups of people compared to the risk of the UK population from the
beginning of 1980 until the end of 1996, when UK food/feed protections were fully
implemented. FDA, in 2001, announced a model that estimated the risk in most countries
of Western Europe assigned as a relative-risk compared to the UK. The risk of dietary
exposure to the BSE agent was assumed to be stochastic and directly (linearly) related to
the time spent in a country where the BSE agent contaminated beef products [6]. In
principle, the exposure of concern was consumption of beef products, but dietary
histories were unavailable and are probably unreliable, so donor days in country were
taken as a surrogate. Based on a number of other assumptions, the following relative risks
were assigned: UK=1.0, France=0.05 (i.e., 5% of beef in France assumed to have been
imported from the UK [3] and other countries of Western Europe=0.015 (extrapolating to
the rest of Western Europe the results of intensive surveillance of BSE in Switzerland)
[6]. For purposes of deferral policy, and in consideration of the absence of more detailed
information, vCJD risk in Western Europe was taken as comparable to that in France as a
worst case. A risk relative to UK of 0.35 was assigned to US military bases that obtained
beef from the UK in various years using estimates of UK beef sourcing provided to the
FDA by the US Department of Defense (DoD) [9]. These estimated relative risk factors
are highly uncertain because of uncestain simplifying assumptions that underlie them. In
fact, the model appears to have predicted fewer cases of vCID than have been recognized
in France (25 to date or more than 10% of the UK per capita rate) and overestimated
cases in US military personnel and dependents (no cases to date among as many as 4.8
million active duty personnel and an unknown number of dependents and employees
[32]). At the time, FDA also attempted to predict the possible Joss of otherwise suitable
blood donors that might result from various vCJD-related geographic donor deferral
policies, based on a travel survey of donors in 12 blood centers [6]. Insofar as limited
information has been available to us, we attempted a similar assessment of vCJD-related
risk in Saudi Arabia, an assessment of reduction in that risk by donor deferral policies,
and an estimation of the possible loss of otherwise suitable blood donors that might
result.

1) Estimates of relative prevalence of vCJD in various countries compared with
Saudi Arabia. We attempted to estimate vCJD risk in donors resident in Saudi
Arabia by comparing the crude rate of vCJD attributed to residence in Saudi
Arabia with rates for seven European countries currently on the FDA deferral list
that have had cases attributed to infection within the country, not including three
cases attributed to infection during residence in the UK [27]. Information to date,

.summarized in Table 1, suggests that the crude recognized prevalence of vCID
attributed to exposure to the BSE agent in Saudi Arabia to date (three cases in a
total population estimated by the US Census Bureau earlier this year to be
26,132,000 [29]) resembles that in a number of European countries (somewhat
lower than estimated prevalences in [reland and France, both of which have lower
rates than UK) for which FDA currently recommends geographic deferrals of
blood donors [9] and screening of HCT/P donors [8]. It is important to note that

ther

the crude prevalence estimates provided in Table | have not been adiu

for ages of the populations (younger persons being more often affected by vCJD
than older persons) in the different countries or for probable differences in vCID
case recognition and reporting.




2) Potentiai consumption of UK beef products by persons resident in Saudi
Arabia 1980-1996. In trying to estimate exposure to UK beef products, we
addressed two groups of residents.

(a) Estimated consumption of UK beef by the general population of Saudi
Arabia, including Saudi nationals and foreign residents. We considered two
factors affecting the risk of dietary exposure to the BSE agent: (i} estimated UK
exports of beef to Saudi Arabia during the years 1980 through 1996, and (if)
estimated total beef consumption in Saudi Arabia. The latter adjustment was
based on published data reporting that residents of Saudi Arabia, on average,
consume considerably less beef than do residents of the UK and other Western
European countries. Published sources suggested that about 10% of beef imported
into Saudi Arabia during the years of concern might have originated in the UK
[24] [31] and that average annual per capita beef consumption in Saudi Arabia
was about a quarter of that in the UK (lamb and poultry being more popular) [2,
17, 30]. Taken together, these figures, aithough not validated and admittedly
uncertain, suggested that a reasonable average relative risk estimate for dietary
exposure to BSE agent in UK beef by persons resident in Saudi Arabia during the
years 1980-1996 might be 0.025 (i.e., 0.10 x 0.25) that of persons resident in the
UK during the same period and not unlike the risk previously estimated for most
countries of Westem Europe.

(b) US military personnel on bases in Sandi Arabia. We also considered
information provided to FDA by the Armed Services Blood Program Office,
DoD, about sources of beef supplied by the US Government to the US military -
personnel stationed in countries of the Arabian Peninsula during the years of
concern (which include the years of the First Persian Gulf War). Information
about military beef was taken from a recent DoD review of procurement records.
Beef in field rations/“meals ready to eat” [MREs] during those years was all of
US origin. However, an uncertain but possibly significant amount of the beef sold
to and consumed by US military personnel living on US bases in Europe and
Saudi Arabia after 1980 originated in the UK, though such procurement decreased
after 1989. We cannot assume with confidence that the origin of beef consumed
on US bases in Saudi Arabia differed significantly from that on European bases
south of the Alps. Acknowledging the uncertainties, we therefore assumed that
the risk of dietary exposure to the BSE agent for US military personnel living on
bases in Saudi Arabia from 1980 through the end of 1996 was similar to that FDA
previously assigned to US military living on European bases south of the Alps,
taken to be about 35% of that for UK residents during the same period. Unlike US
military stationed on European bases, no military dependents lived in Saudi
Arabia. For the most part, US military contractors were not supplied with food by
DoD, purchased their food locally-—"“on the economy”—and so are assumed to
have shared the general dietary risk of exposure to the BSE agent with other
residents of Saudi Arabia. .

Canadian deferral of blood doners resident in Saudi Arabia. Since November 2007,
Héma-Québec [21], a blood establishment operating in the Province of Quebec, has
requested deferral of blood donors resident in Saudi Arabia for any period of six months
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or more from 1980 through 1996 {20]. Since March 2011, Canadian Blood Services
(CBS) has required the same deferral [19]. Canadian blood donor deferral policies for
residents of Saudi Arabia do not include donors with history of blood transfusion in that
country. Table 2a compares current Canadian and US blood donor deferral policies for
vCJID risk. The policies, while similar, are not identical. We are not aware that any other
country has recommended blood donor deferral for residents of Saudi Arabia.

Canadian assessments for determining suitability of donors of cells and tissues.
Health Canada requires that travel information be collected for cell and tissue donors and
some other questioning of donors or their proxies about vCID risk factors. There are,
however, no exclusion criteria based on risk factors associated with residence in or travel
to specific geographic areas [19]. US donor screening recommendations regarding vCID
for donors of HCT/Ps are summarized in Table 2b.

FDA’s proposed response to reports of three vCJID cases in individuals likely to
have been infected with the BSE agent in Saudi Arabia. The reports of three cases of
vCID attributed to residence in Saudi Arabia has implications for US blood safety
recommendations and for the safety of HCT/Ps, affecting the suitability of four groups of
potential donors: US military personnel serving in Saudi Arabia, US guest workers who
were military contractors supporting US forces in Saudi Arabia, other US guest workers
employed as non-military contractors in Saudi Arabia and immigrants to the US who
lived in Saudi Arabia, during the years 1980-1996. Saudi Arabia is not currently included
on the list of countries for which FDA has recommended deferral/ineligibility of donors

6l . ‘

FDA is considering modifications to current suitability/eligibility recommendations to
include donors of blood and blood components, including Source Plasma and HCT/Ps
who spent any cumulative period of six months or longer as military personnel serving in
Saudi Arabia from 1980 through the end of 1996. This recommendation is similar to the
current recommendation to defer donors resident on US military bases in Europe during
years when they were supplied with UK beef (comprising an estimated 35% of the beef
supply through 1996 south of the Alps [9]). FDA is also considering modifications to
current suitability/eligibility recommendations to include any other donors of blood and
blood components, including Source Plasma and HCT/Ps who spent any cumulative
period of five years or longer living in Saudi Arabia from 1980 through the end of 1996.
This modification is similar to the current recommendation to defer donors resident in
France, except that, because of continuing reports of BSE affecting native cattle in
several European countries and a lack of reliable information regarding implementation
of food safety measures and cross-border trade in beef products in Europe [7], FDA
continues to consider the period of potential dietary exposure to the BSE agent for France

--and most other European countries (except UK) to extend to the present. We have

assumed that the BSE risk for Saudi Arabia was associated with importation of live cattle
and beef from the UK and that the risk became negligible at the end of 1996.

We acknowledge that Saudi Arabia might have imported live bovines and beef from
other BSE couniries after 1996 [2], but we have not included that assumption in
developing the proposed recommendations. Saudi Arabian authorities have assured FDA
that, since at least 1996, the Kingdom has prohibited the importation of live bovines and
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beef products from countries reporting BSE to the OIE, as suggested by pubiic sources
[14]. As noted above, Saudi Arabia has reported no case of BSE to the OIE, and we
assume that native Saudi cattle have probably not been infected. The likelihood that BSE
infection was established in the substantial number of small ruminants (sheep and
goats—far outnumbering cattle in Saudi Arabia 12, 17]) seems remote. We do not have
information regarding rendering and animal feeding practices in Saudi Arabia
(specifically on production of MBM and use of MBM in feeds) that would allow more
reliable assumptions.

Potential impact on US blood supply and on HCT/P supply resulting from
proposed deferral of certain blood donors or ineligibility of certain cell and
tissue donors resident in Saudi Arabia during the years 1980-1996

We considered four potential at-risk groups that would be affected under the proposed
recommendation for US donors with a history of residence in Saudi Arabia during the
years 1980-1996. The groups include: (1) US military personnel; {2} US guest workers
who were contractors to the US military; (3) US guest workers who were contractors but -
not for the US military; and (4) immigrants from Saudi Arabia to the US (both Saudi and
non-Saudi nationals, regardless of current citizenship). Table 3 below summarizes the
predicted number of US donors and blood donations lost as a result of the proposed
changes to recommendations for determining suitability of blood and plasma donors
based on residence in certain countries. Because the more limited available information
on donors and donations of HCT/Ps, FDA has not been able to analyze the possible
impact of the proposed recommendation on the US supply of HCT/Ps. ‘

US military personnel. Based on information provided to FDA by DoD, approximately
600,000 US troops were deployed to Saudi Arabia for a period > 6 months in the years
1980-1996; that number represents about 90% of total deployments to Saudi Arabia
during that period. Those persons would all be deferred from blood donations or
ineligible to donate under the proposed geographic risk factor recommendations.
However, DoD estimates that approximately 30% of this population are already deferred
from donating due to the vCID European deferral and other reasons. In addition, a large
number of this population retired or left the military and may be donating to civilian
blood collection facilities.

US military contractor guest workers. Information from DoD indicated that
approximately 200,000 personne] including DoD civilians and contractors were
employed in Saudi Arabia during the years 1980-1996. We assumed that all had
cumulative stays of > 6 months but less than 5 years. Under the proposed
recommendation, they would not be deferred from donating blood and would remain
eligible to donate HCT/Ps.

US non-military contractor guest workers. We assumed all US non-military guest )
workers who lived in Saudi Arabia during the years 1980-1996 had cumulative stays > 6
months with an average length of stay of four years [10, 12, 13, 15, 22]. We further
assumed that 30% of US guest workers lived in Saudi Arabia for more than 5 yr [10, 12,
13, 15, 22] and thus would be deferred fromblood donaticn and ineligible to donate
HCT/Ps under the proposed geographic BSE risk factor recommendations. The 4verage
Annual Number of US guest workers in Saudi Arabia was estimated using data from the
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US State Department on the number of registered US citizens in Saudi Arabia in 1999
{35]. We used these data for the year 1999, extrapolated and summed each year to derive
the total number of US guest workers in Saudi Arabia during 1980 and 1996.

Immigrants. Our estimates assume that all immigrants from Saudi Arabia since 1985
had stayed for > 5 yr in Saudi Arabia during the years 1980-1996, and they would be
deferred from blood donations or ineligible to donate under the proposed geographic BSE
risk factor recommendations. The Average Annual Number of persons emigrating from
Saudi Arabia to the US from 1985 to the present was derived from Immigration Statistics
1989-2010 released by the US Department of Homeland Security [34]. Our estimates do
not capture non-Saudi nationals immigrating to the US from Saudi Arabia as the last
residence of record and thus may somewhat underestimate the number of donors and
donations in this category that would actually be lost.

Donor loss calculation. We calculated blood donor loss based on the assumption that
individuals who resided in Saudi Arabia during the years 1980-1996 have a 5% rate of
donation [28, 33], which is the donation rate for the general US population. Our
calculation for the potential loss of blood units assumes that each donor donates
approximately 1.7 units of blood each year [33]. The estimated potential impact on US
%)lo;db?ugply resulting from the proposed donor deferral recommendation is summarized
in Table

Questions for TSEAC

Question 1. Do available data support the consideration by FDA to recommend deferring
fionors of blood and blood components, including Source Plasma, and to determine to be
ineligible donors of HCT/Ps, who

a) spent six months or more cumulatively in Saudi Arabia as US military
personnel from the beginning of 1980 through the end of 1996 or

b) o_therwise spent more than five years cumulatively in Saudi Arabia from the
beginning of 1980 through the end of 19962

Question 2. Please discuss the likely contribution of those recommendations to the safety
of the products involved and the possible impact on supplies of blood, blood components,
plasma derivatives and HCT/Ps.

Que§tion 3. Please comment on additional information that might better inform FDA’s
consideration of the proposed or any further safety measures.
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Table 1.

Reported vCJID cases per estimated total population 2011

4,670,849 4.3x10
24 | 65,102,719 3.7x107
2 | 10,760,305 1.9x107
3 16,847,007 1.8x107
46,754,657 1.1x107
3.3x10°
7.9x10”°

61,016,804
126,475,664

vCID cases are attributed to exposure in a country according to the conclusion of the CJD Surveillance Unit, Edinburgh
[27]. Cases resident for > 6 mo in UK are atiributed to UK. Rates are not adjusted for differences in population age
profiles or for efficiency of case recognition and reporting in various countries.

*Population estimates for various countries were taken from the Web site of the US Census Bureau for mid-year 2011
128,
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Table 2a

Comparison of Geographic vCJD-related Blood Donor Deferral Policies
Recommended by FDA and Required by Canadian Blood Services

>3 mo 1980-1996* | >3 mo 1980-1996"

Sl

21 mo 1980-1996

25 yr 1980-present =3 mo 1980-96 = 3 mo 1980-96

25 yr 1980-present | > 5 yr 1980-present | >6 mo 1980-present

> 28 countries® 12 countries® 12 countries®

UK, France 1980- UK, France, WE UK, France, WE

present 1980-present 1980-present
no deferral > 6 mo 1980-1996 | =6 mo 1980-1996
no deferral no deferral no deferral

a US definition of United Kingdom = England, Northem Ireland, Scotland, Wales, the Isic of Man, the Channel
Islands, Gibraltar, and the Fatkland Islands

US definition of WE (excluding UK, France) = Albania, Austria, Belgium, Bosnia-Herzegovina, Bulgaria, Croatia,
Czech Republic, Demark, Finland, Germany, Greece, Hungary, Republic of Ireland, Italy, Liechtenstein, Luxembourg,
Macedonia, Netherlands, Norway, Poland, Portugal, Romania, Slovak Republic, Slovenia, Spain, Sweden, Switzérland,
and the Federal Republic of Yugoslavia ([sic] now Kosovo, Montenegro, and Serbia)

FDA also recommends deferral of US military personnel who spent > 6 mo on certain military bases in Europe 1980-
1996 [9]

b Canadian definition of United Kingdom = England, Northern Ireland, Scotland, Wales, the Isle of Man, the Channel
Islands (excludes Gibraltar and the Falkland Islands). Canadian definition of WE (excluding UK, France) = Austria,
Belgium, Demark, Germany, Republic of Ireland, Italy, Liechtenstein, Luxembourg, Netherlands, Portugal, Spain,
Switzerland
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Table 2b.

Geographic vCJID-related Cell and Tissue Donor Eligibility Policies
Recommended by FDA

>3 mo 1980-1996"

2 5 yr 1980-present

> 28 countries®

UK, France 1980-present

no cusrent recommendation

no current recommendation

a US definition of United Kingdom = England, Northern Ireland, Scotland, Wales, the Isle of Man, the Channel
Islands, Gibraltar, the Falkland Islands

b US definition of Europe = Albania, Austria, Belgium, Bosnia-Herzegovina, Bulgaria, Croatia, Czech Reppblic,
Demark, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Li i b L “’ d ‘
Netherlands, Norway, Poland, Portugal, Romania, Slovak Republic, Slovenia, Sp_ain, Sweden, Switzerland, United
Kingdom, Federal Republic of Yugoslavia ([sic] now Kosovo, Montenegro, Serbia)

FDA also recommends deferral of US military personnel who spent > 6 mo on certain military bases in Europe 1980-
1996 [8}

Note: Health Canada requires that travel information be collected and some donor other _screening for vQJD-relgted risk
factors. There are, however, no exclusion criteria for cell and tissue donors based upon risk factors associated with

residence or travel history to specific geographic areas.
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Table 3.

Estimated loss of blood donors and blood donations resulting from proposed
recommendations to defer certain blood donors
with history of residence in Saudi Arabia during 1980-1996

US Military US Guest US Guest Immigrants
Personnel Workers Workers Non- to US Total
Military Military
Contractors Contractors
Average n/a n/a 36,000% 920" n/a
annual
number
Population to | 420,000° 0 45,900° . 24,8007 490,000
be deferred
Blood donors 21,000 0 2,300 1,200 24,500
lost®
Blogd units 35,700 0 3,910 2,040 41,700
lost

Notes:

"Average annual number of US guest workers in Saudi Arabia: based on data from US State Department
for registered US Citizens living in Saudi Arabia in 1999 (http:/overseasdigest.com/amcit_nu2.htm).

Average annual number of immigrants from Saudi Arabia: based on data from US Department of

-Homeland Security, Yearbooks of Immigration Statistics 2004 and 2010
(http://www.dhs.gov/files/statistics/publications/yearbook.shtm).

“Number of military personnel to be deferred calculated by:

600,000 (total number of military personnel who stay for > 6 months, DoD 2011) x 70% (percentage
individuals having already been deferred, DoD 2011)

“Total number of military contractors who stay for > 5 years, and thus to be deferred (DoD, 2011)

“Total number of US guest workers non-military contractors to be deferred calculated by:
(Average Annual Number of US guest workers x 17 years (from January 1, 1980 to December 31,
1996) / Average Length of Stay) x 30% (percent stay for > Syears)

*Total number of immigrants to be deferred, calculated by:

Average Annual Number of immigrants x 27 years (from 1985 to current)

Blood donors lost, calculated by:
Population to be deferred x 5% (donation rate)

"Number of blood units lost, calculated by:
Number of donors to be deferred x 1.7 (average number of donations per doner per year)
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Summary. The risk of variant Creutzfeldt-Jakob disease
(vCID} from potentially infected plasma products
remains unquantified. This risk has been assessed for
787 UK patients with an inherited bleeding disorder
prospectively followed-up for 10-20 years through the
UK Haemophilia Centre Doctors” Organisation
(UKHCDO) Surveillance Study. These patients had
been treated with any of 25 ‘implicated’ clotting factor
batches from 1987 to 1999, which included in their
manufacture, plasma from eight donors who subse-
quently developed clinical vCJD. Variant CJD infectiv-
ity of these batches was estimated using plasma fraction
infectivity estimates and batch-manufacturing data.
Total potential vCJD infectivity received by each patient
has been estimated by cumulating estimated infectivity
from all doses received during their lifetime. Of 787
patients, 604 (77%) were followed-up for over 13 years
following exposure to an implicated batch. For these

604 patients, the estimated vCJD risk is 21% for 595,
250% for 164 and 100% for 51. This is additional to
background UK population risk due to dietary expo-
sure. Of 604 patients, 94 (16%) received implicated
batches linked to donors who developed clinical vCJD
within 6 months of their donations. One hundred and
fifty-one (25%) had received their first dose when under
10 years of age. By 1st January 2009, none of these
patients had developed clinical vCJD. The absence of
clinical vCJD cases in this cohort to date suggests that
either plasma fraction infectivity estimates are overly
precautionary, or the incubation period is longer for this
cohort than for implicated cellular blood product
recipients. Further follow-up of this cohort is needed.

Keywords: haemophilia, inherited bleeding disorders, risk
assessment, UK plasma products, variant Creutzfeldt-
Jakob disease

Introduction

The bovine spongiform encephalopathy (BSE) epidemic
in UK caitle occurred from 1980 to 1996. Evidence has
been presented that a distinct clinicopathological vari-
ant of Creutzfeldt-Jakob disease (vCJD), first described
in 1994 [11) is the human manifegtation of BSE (2-4].

Concerns that vCJD may be transmissible by blood and
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blood products, and actions taken to reduce the risk to
UK patients with an inherited bleeding disorder, have
recently been reported [5].

The vCJD risks from plasma products linked to
donors who later developed vCJD, remain unquantified.
Det Norske Veritas's (DNV) risk assessment informed
the introduction of further public health measures for
recipients of UK-sourced plasma products in 2004 [6].
These recipients included patients with inherited bleed-
ing disorders who had been treated with UK-sourced
plasma products between 1980 and 2001. On the advice
of the CJD Incidents Panel (CJDIP), and facilitated by
the Health Protection Agency (HPA), these patients
were informed of their risk by the UK Haemophilia
Centres Doctors’ Organisation (UKHCDO) via their
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Haemophilia Centres and asked to implement public
health measures to reduce the possible risk of vCJD
spreading to others [5]. .

The nature of the blood-associated vGJD agent and
the impact of processing technologies on the nature and
distribution of vCJD infectivity in human blood com-
ponents and plasma products were unknown. There-
fore, the DNV risk assessment was based on data frqm
published animal studies and a number of assumptions
[6]. Three options were developed: (i) the fractionation
step with the largest clearance of infectivity represents
the entire process, (i) the reduction in infectivity when
separating blood into blood components and plasma
fractions is the only step that reduces infectivity when
producing plasma products, and (iii) the infectivity level
correlates with the protein content of plasma products.
Option (iii) was rejected as it was considered scientif-
ically invalid. The CfDIP adopted option {ii) rather than
(i) on the basis that it was more precautionary and
because there were uncertainties around the clearance
values in option (i}.

This article presents the application of this risk
assessment to 787 bleeding disorder patients who have
received implicated clotting factor batches linked to
donors who latér developed clinical vCJD. The identi-
fication of the abnormal prion protein associated with
asymptomatic vCJD postmortem in a patient in this
cohort has prompted this assessment [7]. The implica-
tions to inform further public health responses are

Materials and methods

Implicated plasma product batches

In the UK, a total of 178 plasma product batches have
been' linked to 25 plasma donations from 11 donors
who subsequently developed clinical vCJD {8]. These
include 25 implicated clotting factor! batches linked to
18 plasma donations from eight donors that have been
used to treat 787 UK patients with inherited bieeding
disorders. The batches had expired before the 2004
patient notification.

Calculation of infectivity of plasma products

Plasma from many thousands of donations is pooled
prior to fractionation. The DNV risk assessment
provided estimates of potential infecrivity of different
plasma fractions. Infectivity was quantified using the
Do, where one IDgg is the dose required to produce
infection in 50% of recipients.

"Factor concentrates arc made from pooled plasma and include
FVII, FIX, FVIL FXI, FXIII and prothrombin complex concen-
trates as well as antithrombin.

Haemophilia (2011), 17, 931-937

In 2004, the HPA used a ‘Product Risk Calculator’
tool to estimate the infectivity of each implicated
batch (Appendix 1 Supporting information). The tool
combined the DNV infectivity estimates with fractio-
nators’ batch-manufacturing data. For each batch, it
calculares the dose estimated to contain 0.02 IDs,.
This represents 2 1% risk of infection in addition to
the general background population risk from potential
dietary exposure. This is the level of risk the CJDIP
considered sufficient to warrant patient notification
and public health action [9]. The cumulated lifetime
infectivity received by each patient was estimated
using the data on each batch and the total quantity
received.

Identification and management of patients with
bleeding disorders

A policy decision was taken that all bleeding disorder
patients treated with UK-sourced clotting factors from
1980 to 2001 (rather than just those who had received
implicated clotting factors) should be considered ‘at
risk’ of vC]D for public health purposes [S]. This
decision was made because: (i) a single dose of
implicated clotting factor was thought to contain
sufficient infectivity for a recipient to cross the 1%
additional risk threshold (high risk plasma product),
and (ii) it was considered likely that further implicated
clotting factors would be identified if future clinical
vCID cases were found to have donated plasma.

Haemophilia clinicians used locally held or National
Haemophilia Database (NHD) records to identify all
recipients of UK-sourced plasma products from 1980 to
2001 and used product information from two UK
fractionators to identify patients who had received
implicated clotting factors. Patients notified as being “at-
risk’ of vCJD for public health purposes were able to
choose whether or not to find out if they had received
implicated clotting factors. Haemophilia clinicians were
encouraged to report these patients (unless they had
withheld consent) to the NHD, for follow-up. This has
been in the UKHCDO vCJD Surveillance Study follow-
ing ethical approval from the London Multicentre
Ethics Committee (MREC/01/2/11).

National baemophilia database

Data on product type and batch number of implicated
batches, total doses received and start and complerion
dates of each treatment were collected by haemophilia
centres. The NHD is updared annually by individual UK
haemophilia centres with treatment data sets and
information abour new diagnoses and deaths. All deaths
and causes of death are verified as patients are flagged
with the Office for National Statistics. Person-vears at
risk of vCJD were calculated by subtracting the date of

© 2011 Blackwell Publishing Ltd
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the first -dose of an implicated batch from either 1st
January 2009 or the date of death as appropriate.

Results

Patient population in NHD

A total of 8547 patients with inherited bleeding
disorders were registered on the NHD on 1st January
2009 (Table 1). Of these, 3735 have been identified as
having received UK-sourced clotting factors between
1980 and 2001 and therefore are defined as “at risk’ of
vCJD for public health purposes. Of these, 787 had
received implicated clotting factors batches (‘implicated
batch’) linked to donors who later developed clinical
vCJD. Auditing notification data for each centre against
implicated batches supplied to them by the two UK
fractionators show that 11 million 1Us {(about 50%) of
implicated batches remains unaccounted for {5]. As a
result of this under-notification, it is estimated that the
787 patients represent approximately 50% of all
patients who had received implicated batches. The
following results/data concern these 787 implicated
batch recipients.

Outcome, deaths and autopsy-

No clinical cases of vCJD have been observed in these
patients as of 1st January 2009. Fifty-one (6.5%} dearhs
were reported by 1st January 2009 but none was related
to vCJD. Only four autopsies have been performed in this
cohort. Abnormal prion protein, indicating vCJD infec-
tion, has been detected in a single postmortem spieen
sample of a haemophilia patient who died of causes
unrelated to vCJD 11 years after receiving 9025 IUs
(estimated vCJD infectivity IDso 0.21) from two impli-
cated FVII batches [7]. These batches were linked to two
plasma donations from a donor who developed vCJD
within 6 months of the second donation.

THE RISK OF VCJD AMONG UK PATIENTS 933

Estimated infectivity of implicated batches

Table 2 is the list of implicated batches showing the
quantities of each batch used with their estimated
infectivity, and the number of patients treated with each
batch. Two hundred and sixty three (33%) patients
received >1 implicated batches and 229 (29%) patients
received implicated batches linked to >1 donors. A total
of 12.7 million IUs of implicated FVIII and FIX was

used to treat 787 patients from 1987 to 1999. On

average cach patient received 10 000 IUs (median)
(range 240-169960) and estimated vC]D infectivity
0.443 IDso (median) (range 0.010-9.593), A total of
773 (98%) patients received estimated vCJD infectivity

20.02 IDso (Fig. 1). Of 604 (77%) patierits who have _

been followed-up for over 13'years, which is the
predicted incubation period of primary vCJD [10,11],
595 have 21%, 164 have 250% and 51 have 100%
estimated vCJD risk in addition to the background UK
population risks due to potential dietary exposure.

Donors linked to implicated batches

Table 3 is the list of eight donors showing data on
implicated batches and the number of recipients linked
to each of them. These donors developed vCjD
88 months (median) (range 6-143) following their last
donations. One hundred and forty-nine (19%) patients
received implicated batches linked to donors who
developed vCJD within 6 months of donation and $52
(70%) linked to donors who developed vCID within
6 years of donation. When estimated infectivity is
plotted against interval between donation and onset of
vCJD in donors the distribution of patients for these
parameters can be clearly seen (Fig. 2). The patient
in whom the abnormal prion protein associated
with vCJD was found at postmortem received two
implicated batches from donor 1 [7). For one of these
batches, the interval between donation and onset of
vCID in the donor is 6 months but with a relatively

Table 1. Patients with inherired bleeding
disorders registered in the Narional Haemophitia

Number of patients with bleeding disorders by diagnostic

Database on 1st January 2009 by diagnosis and subgroups
subgroups at risk of vCJD fos public health von
purposes. Patient group and subgroup: H philia A H; hilia B Willebrand Other Total
Téral registered in che National 3281 729 299 1541 8547
Haemophilia Database (NHD)
Registered patients who are at risk of 2246 562 518 409 3735
vCID: {treated with UK sourced
plasma products between 1980 and
2001}
Registered patienes at risk of vCJD who 556 168 39 24 787

are known to have received implicated
clotting Eactor batches

*11 million IUs (about 50%) of implicated batches remain unaccounted for {5]. As a result of this
under-notification, it is estimated that the 787 patients represent approximately 50% of all paticnts
who had received implicated batches.

© 2011 Blackwell Publishing Ltd
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Table 2. Descriprion of each implicated clorting factor batch used to treat 787 patients wich inherired bleeding disorders.

Donor 1Ds Months berween Estimated coral Total number of
linked ro . donation and  Estimared infectiviy  Toral quandiries  infectiviey {IDg)  patients regiscered
Batch Brand implicated clorting  onset of vCJD (IDsa) per 1U (IUs) of each received from as rreated wick
Aumber name’ factor batches® in donors fur cach buich' bawh used cuch baich cuch bawch {n = 7
FHB45475 8Y 1 [ 0.0000199 873 821 17.424 61
FHB4596 8Y 6 31 0.000043 1054 410 45.340 93
FHC4237% 8Y 1 46 0.0000472 983 977 46.444 117
FHB4189 8Y 8 12 0.0000486 735725 33.756 71
FHB4419 8Y 3 i5 0.0000584 656 600 35
FHB4116 8Y 2 31 0.0000774 280 710 34
FHC0369 _Y 8 139 0.000088 199 060 32
FHC0289 8Y 2 59 0.0000948 266 960 25.308 46
FHC0059 8Y S 143 0.0001135 58 560 6.643 10
FHM4054  High puricy F8 8 127 0.0000662 304 500 20,158 33
FHM3990  High purity F8§ 8 134 0.0000738 169 055 12.476 11
FHE45483 Replenate 1 6 0.00002446 965 400 23.749 88
FHF4625 Replenate 7 38 0.0000262 1035 900 27141 47
FHE4336 Replenate 6 40 0.000029 1224 270 35.504 97
FHE4437 Replenare 8 82 0.0000388 §18 095 31.742 73
0304-70510 z8 4 134 0.0009526 16 150 15.385 3
FJA4308 9A 8 94 0.0000343 379540 13.031 20
FJA4239B% 9A 1 46 0.0000548 141435 7.755 9
FJA0092 9A 2 59 0.0000735 92990 6.835 8
FJA0020 9A 5 143 0.0000948 88025 8.349 10
3502-70210 HT Defix 4 138 0.0001391 216220 26
FJM4327 Replenine 8 98 0.0000226 1129915 80
FJM4625 Replenine 7 58 0.0000434 22145 4
FIM4437 Replenine 8 82 0.0000592 379380 29
FIM4596 Replenine 6 31 0.0000604 §92380 49

“These numbers have been assigned to anonymize the donors for this study.

'Sorted by brand name and estimated infectivity per JU.

715 patients were treated with the same batch of an implicated cloting factor in more than one teatment episode. 256 patients were treated with different

batches of implicated clotting factors in more than one treatment episode.

$Four implicated clotring factor batches were linked to the donor whose donations were linked ro vCJD infection of a patienc with bleeding disorder [7]. This

patient received implicated closting factor batches: FHB4547 and FHC4237.

Fig. 1. Distribution of patients with bleeding disorders by estimared life-
time cumulated vCID infectivity received (2 = 787).

low estimated infectivity dose. Others have received
higher estimated infectivity from the same donor and
the same donation, but none of them has developed
clinical vCJD.

Age at exposure and person-years at risk

The median age at which patients received their
first dose of an implicated batch was 22 years (range

Haemophilia (2011), 17, 931-937

0.3~87). 174 (22%) patients were under 10 years, 362
(46%) under 20 years, and 628 {80%) were under
40 years of age when they received their first dose. The
median age of patients who were alive on 1st-January-
2009 (n = 736) was 3S years (range 13-92). The median
follow-up time from the date of the first dose of an
implicated batch to 1st January 2009 or the date of death
was 15 years (range 2 days-22 years) (person-years at
risk). Plotting the estimated infectivity against person-
years at risk reveals many patients with more evenr free
person-years at risk than the patient with known
abnormal prion protein {7] {Fig. 3).

Discussion and conclusion

This article reports the absence of clinical vCJD cases
among 787 patients with an inherited bleeding disorder
who have been treated with high risk® implicared
clotting factors. These include 604 (77%) patients who
have lived longer after receiving the first doses of
implicated clotting factors than the predicted incuba-
tion period of 13 years for primary vCJD [10,11}. Of
them, one quarter {# = 164) have 250% estimated risk

2A single dose of implicated clotting factor was thought to contain
sufficicnt infectivity for a recipient to cross the 1% risk threshold.

© 2011 Blackwelt Publishing Led
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Table 3. Description of implicated donations, manufactured clotting factors, known guantities used, the number of identified patients treated, average
quantities and infectivity received by each parient from individual donors,

Months berween  Number of bat- Total guantitics Average guantities
donarions and ches of each (IUs) of implicated Toral number of (1Us) received by each  Average vCJD infectivity ([Dso}
Donor - onset of vCJD product linked to  clotring factors linked  patients linked to”  patient (median, range, received by each patient
Ds in a donor® a donor ( = 25) 10 a donor 2 donor (1 = 787)7 quartiles) (median, range, quarsiles)
1# 6.5 463 8Y 2 2963 633 257 9000 0.245
9A 1 260-96000 0.010-4.531
REPLENATE 1 3000-15700 0.118-0.481
2 31,59 8Y 2 640 660 83 5900 0.443
9A 1 255-29820 0.024-2.527
1770-11000 0.145-0.914
3 15 8Y 1 656 600 35 9400
470-54990 .
4700-16000 0.274-0.943
4t - 135,138 HT DEFIX 1 232 370 29 5520 0.883
z8 1 55248852 0.077-9.593
. 2760-8800 0.384-1.6%0
N 143 BY 1 146 588 20 4800 0.502
9A 1 240-35645 0.027-3.381
1928-9650 0.197-1.089
6t 31, 40 (3¢ 1 2 871 060 238 10000 0.
REPLENATE 1 500-102960 0.015-3.851
i ; 0.155-0.616
7 58 1 1058 045 5t 13510 0.472
1 965-57900
5150-30880
8 82, 94, 98, 112, 8Y 2 4112 770 336 9700
127, 134, 139 9A 1 460-100000 0.011-5.511
HPF VHI 2 3475-15343 0.178-0.660
REPLENATE 1
REPLENINE 2

*Median interval berween donation and ouset of vCJD in donors was 88 months. 149 (19%) of parients received implicated batches linked to donors whe
developed vC]D wichin 6 months of donation and 552 (70%) linked to donors who developed vCJD within 6 years of dc\nation.» .

*The figures in the column do not add to 787 because of exposure to multiple implicated donors. 557 patients were treated with implicated clotting factor
batches linked to one donor, 182 to two donoss, 45 to three donots, two to four donors, 2nd one to five donors.

Donors 1, 2, 4, 6 and 8 donated more than once.

$The vC]D infected patient was treated with implicated clotting factor basches linked to two donations from this donor [7].

@é@ B e 8 i 2l

T T
& 12 36 72 108 144
Interval between donation and onset of vCJD in donors (in months)

X0

5 EXXIOOCH

Estimated

O Received clotling factors not linked to **Donor-1 (# = 530)
O Received clotting factors linked to Donor-1 (1 = 256)
O Received clotting factors linked to Donor-1 and was vCJO infected (n = 1)

263 patints raceived more han ane balcih of implcatad cloting For e, the o onset of
Symploms in heit donors has been used.
~Zonar 1 This oot has baen fkes fo VCID infecion in a recioient of impicated cltling facior batches (green circe sbove) (7]

Fig. 2. Scatterplot showing estimarted lifetime cumulared vCJD infectivity of implicated clotting factors received by patients with bleeding disorders by
interval berween donation and onset of symproms in donoss* (7 = 787).

(received 211Dgo) and 8% (n= S1) have 100% risk  received clotting factors linked to donors who devel-
(received 22IDsp) of vCJD in addition to background  oped vCJD within 6 months of their donation. The risk
UK population risk due dietary exposuare. Forty-nine of  to these patients was calculated using estimates frgm
the’S1 patients who have 100% risk were still alive on ~ the DNV risk assessment, and batch-manufacturing
1st January 2009. Thirteen of these 49 patients had  data.

© 2011 Blackwelt Publishing Ltd Haemmophilia (2011), 17, 931-937
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Fig. 3: Scarterplot showing estimated lifetime cumulased vCJD infectivity of implicated clotting factors received by patieuts with bleeding disorders by their

person-years of exposure (n = 787).

The incubation period of vCJD within this at risk
group may prove to be longer than the predicted
incubation period of primary vCJD and secondary
vCID due to non-leucodepleted packed red cells trans-
fusion. The infective dose in the plasma and red cell
componerits is assumed equal but the implicated plasma
is diluted in the plasma pool and then, distributed
between many vials. A large body of data from different
experimental approaches (including endogenous infec-
tivity models) consistently show that conventional
bio-separation processes used in plasma product man-
ufacturing are capable of removing prion agents to a
significant extent {12,13]. These data question whether
the highly precautionary approach as adopted in the UK
is still judged as appropriate. It is possible that the
infectivity clearance assumptions made in the DNV risk
assessment, and the option chosen by the CIDIP are
overly precautionary.

Other countries have adopted less precautionary
approaches. Authorities in France concluded that the
risk posed by implicated batches, even in the most
pessimistic scenario, was very low. Consequently, they
decided to continue to fractionate plasma sourced from
domestic blood supply, introducing nano-filtration as
an additional step in the process [14]. Authorities in
Canada concluded that the risk of transmission of vGjD
for patients who have received FXI linked to UK donors
is in the range of 1 in 100 000 to 1 in 1 000 [15]. In
their risk assessment, the US FDA included infectivity
reductions associated with various processing steps in
the production of FVHII and has concluded that the risk
of vCJD infection is likely to be extremely low ranging
from 1 in 9.4 million to 1 in 15 000 [16].

Age dependent susceptibility is required to fully
account for observed age distribution of primary vCJD
cases {11]. Age at treatment (8-10 years) with human
growth hormone has been found to be a risk factor for
secondary CJD in the UK [17]. If age dependent

Haemophilia (2011), 17, 931-937

susceptibility is a risk factor for secondary vCJD, then
the 174 (22%) patients who received their first dose of
implicated clotting factors before 10 years of age may
have an increased susceptibility to vCJD infection. The
median follow-up time from first exposure in this
subgroup is 16 years (range 12-22).

It is of interest that. a recent publication links
impaired scrapie agent neuroinvasion in aged mice with
effects of host age on follicular dendritic cell status [18].
1f immune function affects vC]D neuroinvasion in man,
then it can be speculated that the immune modulation
and deficiency associated with blood borne virus infec-
tions in some of this cohort may make subclinical vCJD
infection more likely rather than clinical disease.

The dose response relationship has not been -estab-
lished for TSE infections. Experimental estimation of
dose response relationship requires a large number of
experimental animals, particularly if the level of infec-
tivity is lJow. Unfortunately, there is very little data on
dose response relationship in TSE infections. The DNV
risk assessment considered different models on dose
response relationship in TSE infections using available
data and came up with the assumption that the dose-
response function for vCJD- infectivity is linear without
any threshold [6]. More experimental data are required
to validate this assumption to improve the risk assess-
ment.

The DNV risk assessment assumes that risk from
regular equal doses of vCJD implicated plasma product
over a 1-year-period is additive, and it ignores doses
received after the first year. Where the patients have
received variable doses from different batches and/or
from different donors during several years with wide
variations in the estimated levels of infectivity, it is
difficult, and somewhat meaningless to calculate an
annual dose. Therefore, the CJDIP took a precautionary
approach and decided to estimate cumulative lifetime
infectivity.

© 2011 Blackwell Publishing Ltd
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While the under reporting of implicated batch recip-
lents s a concern, it does not invalidate the descriptive
data on risk assessment. These may inform any future
risk assessment should vCJD develop in a patient who
has received implicated batches of clotting factors.

Other factors, such as, prion protein genotype, age at
exposure, interval between donation and development
of vCJD in the donor, lifetime cumulative infectivity
received and the number of donor exposures may also
help assess the vCJD risk in this cohort. The continu-
ance of this surveillance study especially with improved
recruitment to its postmortem and biopsy arm may
provide valuable information that aids our understand-
ing of developing vCJD after exposure to implicated
clotting factor batches and allows more informed risk
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