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Introduction

Members of the genus Arenavirus, comprising currently 22
recognized species  (http://www.ictvonline.org/virusTaxonomy.
asp?version=2008), are divided into two complexes based on
serologic, genetic, and geographic relationships [1,2): the New
World (NW) or Tacaribe complex, and the Old World (OW) or
Lassa-Lymphocytic choriomeningitis complex that includes the
ubiquitous arenavirus type-species Lymphooytic choriomeningitis virus
(LCMYV; (3]). The RNA genome of arenaviruses is bi-segmented,
comprising a large (L) and a small (S) segment that cach codes for
two proteins in ambisense coding strategy [4,5). Despite this
coding strategy, the Arenaviridae are classificd together with the
familics  Orth indac and B irdae as scgmented single-
strand, negative, sensc RNA viruses. .

The South American hemorrhagic fever viruses Junin (JUNV;
[6,7]), Machupo (MACYV; [8]), Guanarito (GTOV; [9]) and Sabia
virus {SABV, {10]), and the African Lassa virus (LASV {11}), are
restricted to biosafety level 4 (BSL-4) containment due to their
associated acrosol infectivity and rapid onset of severe discase.
With the possible exception of NW Tacaribe virus (TCRV; [12]),
which has been isolated from bats (Anttbeus spp.), individual
arenavirus specics are commonly transmitted by specific rodent
species wherein thescapacity for persistent infection’ without overt
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discase suggests long evolutionary adaptation between the agent
and its host [1,13~16). Whercas NW arcnaviruses are associated
with rodents in the Sigmodontinae subfamily of the family Cricetidae,
OW arenaviruses are associated with rodents. in the AMuringe
subfamily of the family Muridae. '

Humans are most frequently infected through contact with
infected rodent excreta, commonly via inhalation of dust or
acrosolized virus-containing materials, or ingestion of contami-
nated foods [13]; however; wansmission may also occur by
inoculation with infected body fluids and tissue transplantation
[17-19]. LCMV, which is spread by the ubiquitous Mus musculus as

-host species and hence found world-wide, causes symptoms in

humans that range from asymptomatic infection or mild febrile
iliness to meningitis arid encephalids [13]. LCMV infection is only
rarely fatal in immunocompetent adults; however, infecton during
pregnancy bears serious risks for mother and child and frequendy
results in congenital abnormalities, The African LASV, which has
its reservoir in rodent species of the Mastomps genus, causes an
estimated 100,000-500,000 human infections per year in West .
African countries (Figure 1), Although Lassa fever is typically sub-
dlinical or associated with mild febrile illness, up to-20% of cases
may have severe systemic disease culminating in fatal ou
[20,21]. Three other African arcnaviruses are not known to cause
buman discase: Ippy virus (IPPYV; .[22,23]), isolated from

May 2009 | Vélume 4 | Issue 5 | 1000455
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Arvicanthis sPp- and Mobala virus (MOBV; [24]) isolated from

" Praomys spp. in the Central African Republic (CAR); and Mopcia

vinis (MOPV) that like LASV is associated with members of the
genus Mastormys, and was reported from Mozambique {25] and
Zimbabwe {26], although annbody studics suggest that MOPV
and LASV may also circulate in CAR [27] where the geographies
of these viruses appear to overlap (Figure 1). Up to present, there
have been no published reports of severe human disease associated
with arenaviruses isolated from southern Africa.

In September 2008 an outbreak of unexplained hemorrhagic
fever was reported in South Africa [28). The index patient was
airlifted in critical condition from Zambia on September 12 to a
clinic in Sandton;, South Africa, after infection from an
unidentfied source. Secondary infections were rccog'nizcd ina
paramedic (case 2) who attended the index case during air transfer
from Zambia, in a nurse (case 3) who attended the index case in
the intensive care unit in South Africa, and in a member of the
hospita) stafl (case 4) who cleaned the room after the index case
dicd on September 14. One casc of tertiary infection was recorded
in a nurse (case 5) who attended case 2 after his transfer from
Zambia to Sandton on September 26, one day before barrier
nursing was implemented. The course of discasc in cases | through
4 was fatal; case 5 rcceived ribavirin treatment and recovered. A
detailed description of clinical and cpidemiologic data, as well as
immunohistological and PCR analyscs that indicated the presence
of an arenavirus, arc reported in a parallel communication
(Paweska ct al., Emerg. Inf. Dis., submitted). Here we report
detailed genetic analysis of this novel arenavirus.

Results/Discussion

Rapid identification of a novel pathogen through

-unbiased pyrosequencing

RNA extracts from two post-mortem liver biopsies (cases 2 and
3) and-one serum sample (casc 2) were independently submitted
for unbiased high-throughput pyrosequencing. The libraries
ylcldcd between 87,500 and 106,500 sequence reads. Alignment
of unique singleton and assembled contiguous sequences to the

A New Pathogenic Arenavirus from Southern Africa

[29]) indicated coverage of approx)matcly 5.6 kilobases (kb) of
sequence distributed along arenavirus genome scaffolds: 2 kb of S
scgment sequence in two fragments, and 3.6 kb of L segment
sequence in 7 fragments (Figure 2). The majority of arenavirus
sequences were obtained from serum rather than tissue, potentially
reflecting lower levels of competing ccllula.r RNA in random
amplification reactions.

Full genome characterization of a newly identified
arenavirus

Sequence gaps between the aligned fragments were rapidly
filled by specific PCR amplification with primers designed on the

pyrosequence data at both, CU and CDC. Terminal sequences
were added by PCR using a universal arenavirus primer, targeting
the conserved viral termini (3'-CGC ACM GDG GAT CCT
AGG C, modified from [30]) combined with 4 specific primers
posmoncd near the ends of the 2 genome segments. Overlapping
primer scts bascd on the draft genome were synthcsxzcd to
facilitate sequence validation by conventional dideoxy sequencing.
The accumulated data revealed a classical arenavirus genome
structure with a bi-segmented genome encoding in an ambisense
strategy two' open reading frames (ORF) separated by an
intergenic stem-loop region on each segment (Figure 2) (GenBank
Accession numbers FJ952384 and FJ952385).

Our data represent genome sequences directy, obtained from
liver biopsy and serum (case 2), and from cell culture isolates
obtained from blood at CDC (case 1-and 2), and from liver
biopsies at NICD (case 2 and 3). No sequence differences were
uncovered between virus detected in primary clinical material and
virus isolated in cell culture at the two facilitics. In addition, no
changes were detected between cach of the viruses derived from
these first three cases. This lack of sequence variation is ¢
with the cpidemiologic data, indicating an initial natural exposurc
of the index case, followed by a chain of nosocomial transmission
among subsequent cases.

Lujo virus-(LUJV) is a novel arenavirus

Phylogenetic trees constructed from full L or § scgment
nucleotide sequence show LUJV branching off the root of the
OW arcnaviruses, and suggest it represents a highly novel gcncuc
lineage, very distinct from previously characterized .virus species
and dlearly scparate from the LCMV lincage (F igure 3A and 3B).
No evidence of genome segment reassortment is found, given the
identical placement of LUJV relative to the other ow
arenaviruses based on S and L segment nucleotide sequences. In
addition, phylogcncuc analysxs of cach of the individual ORFs
reveals similar phylog tree topologics. A phylogenctic tree
constructed from deduced L-polymerase amino acid (aa) sequence
also shows LUJV near the root of the OW arenaviruses, distinct
from characterized species, and separate from the LCMV branch

{Figure 3C). A distant relationship to OW arenaviruscs may also -

be inferred from the analysis of Z protcin sequence (Fxgurc S).
The NP gene sequence of LUJV differs from other arenaviruses
from 36% (IPPYV) to 43% (TAMV) at the nucleotide level, and

, from 41% (MOBV/LASV) to 55% (TAMYV) at the aa level (Table

S1). This_degree of divergence is considerably higher than both,
proposed cut-off values within (<10-12%), or between (>21.5%)
OW arenavirus species -[31,32], and indicates a unique phylo-
genitic position for LU_]V (Figure, 3D). Historically, phylogenetic
assignments of arenaviruses have been based on portions of the NP

gene {1,33), because this is the region for which most sequences

are known. However, as more genomic sequences have become

GenBank database (http://www.ncbi.nim.nih:gov/Genbank) us-
mg the Basic Local Alignment Scarch Tool (blastn and blasb.

';@'.’ PLoS Pathogens {* www.plospathogens.org
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tlable, lyses of full-dength GPC sequence have revealed
evidence of possible relationships between OW and NW
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Figure 1. Geographic distribution of African arenaviruses. MoBv, MOPV, and IPPYV (blue) have not been Imphcated in human dlsease. LASV .
(redy can cause hemorrhagic fever. The origin of the LUJV index and secondary and ternary cases linked in the 2008 outbreak are mdka!ed in gold

doi:10.1371/journal. ppat.1000455.g001

arenaviruses not revealed by NP sequence alonc [34]. Because Gl
sequences are difficult to align some have pursued phylogenctic
analyses by combining the' GPC signal peptide and the G2
sequence for phylogenetic analysis [16]. We included in' our
analysis the chimeric signal/ G2 sequence (Figure 3E) as well as the
receptor binding G1 portion (Figure 3F); both analyses highlighted
the novelty of LU_]'V, showing an almosl similar. distance from OW

- as from NW viruses,

Protein motifs potentially relevant to LUJV biology .
Canonical polymerase domains pre-A, A, B, C, D, and E (35~
37) are well conserved in the L ORF of LUJV (256 kDa, pl = 6.4;
Figure 4). The Z ORF (105 kDa, pI=9.3} contains two latc
domain motifs like LASV; however, in place of the PTAP motif
found in  LASV, that mcdiates recognition of the tumor
susceptibility gene 101, Tsgl01 {38], involved in vacuolar protein
sorting {39,40], LUJV has a unique Y;;REL motif that matches
the YXXL motif of the retrovirus equine infectious anemia virus

@ PLoS Path

| www.plosp org . 3
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P

[41), which interacts with the dathrin adaptor protein 2 (AM)
complex {42]. A TsglOl-interacting motif, PgoSAP, is found in,
LUJV in’position of the second late domain of LASV, PPPY,
which acts as a Nedd4-like ubiquitin ligase recognition motif {43].

- The RING motif, containing conserved residue Wy [44], and the

conserved myristoylation site Gy are’ present [45-47] (Figure 4)..
The NP of LUJV (63.1 kDa, pI = 9.0) contains described aa motifs
that resemble mostly OW arcnaviruses [48], including a cytotoxic
T-lymphocyte (CTL) cpitope reported in LCMV (GVYMGNL;
[49]), corresponding to GmVYRG_NL in LUJV, and a potential’
antigenic site reported in the N-terminal portion of LASV NP
(RKSKRND; [50), corrcspondmg to RgsKDKRND in LlUV
(Figure 4).

The GPC precursor (52.3 kDa, pI=9.0) is cotranslanonaﬂy ’
t_:lﬁvcd into the long, stable signal peptide and’ the mature -
glycoproteins Gl and G2 [51-54]. Based on analogy to LASV

. {55] and LCMV (56], signalasc would be predicted to cleave -

between Dsg and Ssg in LUJV. Howcver, aspartate and-arginine
" May 2009 | Volume 4 | Issue 5 | €1000455 -
- . 414 -
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Figure 2. LUJV g organization and p ial dary structure of intergenic regions. Open reading frames (ORF) for the
glycoprotein precursor GPC, the nucleoprotein NP, the matrix protein analog Z, and the polymerase L, and their orientation are indicated (A); blue
bars represent sequences obtained by pyrosequencing from clinical samples. Secondary structure predictions of intergenic regions {IR) for § (8, C) and
L segment sequence (D, E) In genomic (B, D) and antigenomic orientation (C, E) were analyzed by mfold; shading indicates the respective termination

codon {opal, position 1), and its reverse-complement, respectively,
dok:10.1371/journal.ppat.1000455.9002

residues in the —1 and —3 positions, respectively, violate the
(—3,~ 1)-rule [57]; thus, cleavage may occur between Ssg and Sgo as
predicted by the SignalP algorithm. The putatve 59 aa signal
peptide of LUJV displays a conserved Gy, implicated in myristoyla-
tion in JUNV [58], however, it is followed in LUJV by a non-
standard valine residue in position +4, rcsembling non-standard
glycine residues found in Oliveros virus (OLVV [59]) and Latino
virus (LATV; http://www2.ncid.cde.gov/arbocat/ catal og-listing.
asp?VirusID = 263&SI = 1). Conservation is also observed for aa
residues Py, (except Amapari virus; AMAV {60)), Ei5 [61](except
Pirital virus; PIRV [62}), and Nyg in hydrophobic domain 1, as well
as 155K GVFNLYK.0SG, identified as a CTL epitope in ECMV
WE (13, KAVYNFATCG; [63]) (Figure 4).

Analogous to other arenaviruscs, SKI-1/S1P cleavage C-
terminal of RKLMy,, is predicted to separate mature G1 (162
2a, 18.9 kD4, pl=6.4) from G2 (233 aa, 26.8 kDa, pl=9.5)
[52,53,64]. G2 appears overall well conserved, including the
strictly conserved cysteine residucs: 6 in the luminal domain, and 3
in. the cytoplasmic tail that arc included in a conserved zinc finger

@. PLoS Pathogens | www.plospathogens.org
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motif reported in JUNV [65) (Figure 4). G2 contains 6 potential
glycosylation sites, including 2 strictly conserved sites, 2 semi-
conserved sites Nags (absent in LCMVs and Dandenong virus;
DANY [19]) and Ngs2 (absent in LATVY), and 2 unique sites in the
predicted cytoplasmic tail (Figure 4). Gl is poorly. conserved
among arcnaviruses [16], and G1 of LUJV is no exception, being
highly divergent from the Gl of the other arenaviruses, and
shorter than that of other arenaviruses. LUJV G! -contains 6
potential glycosylation sites in positions comparable to other
arcnaviruses, including a conserved site NosHS (Figure 4), which is
shifted by onc aa in a motif that otherwisc aligns well with OW
arenaviruses and NW arcnavirus ‘clade A and C viruses. There is
no discernable homology. 10 other arenavirus G1 sequences that
would point to usage of one of the. two identified arenavirus
receptors; . Alpha-dystroglycan (a-DG) [66] that binds “OW
arenaviruscs LASV and LCMV, and NW clade C viruses OLVV
and LATV {67]; or wansferrin' receptor 1 (TIR1) that binds
pathogenic NW arcnaviruses JUNV, MACV, GTOV, and SABV
[68] (Figure §2). .

. May 2009 | Volume 4 | Issue 5 | e1000455
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LATV MARU10924 (EU627612, AF485259); LCMV Armstrong (AY847351), ARMS3b {M20869), WE (AF004519, M22138), Marseille12 (00286932:
DQ286931), M1 (AB261991); MACV Carvallo (AY619642, AY619643), Chicava (AY624354, AY624355), Mallele (AY619644, AY619645), MARU222688

#
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(AY922407), 9530537 (AY571959); MOBV ACAR308OMRC5P2 (DQ328876, AY342390); MOPV AN20410. (AY772169, AY772170), Mozambique
(DQ328875, DQ328874); NAAV AVD1240007 (EU123329); OLWV 3229-1 (AY216514, U34248); PARV 12056 (EU627613, AF485261); PICV (K02734),
MunchiqueCoAn4763 {EF529745, EF520744), AN3739 (AFA27517); PIRV VAV-488 (AY216505, AF277659); SABV SPH114202 (AY358026, U41071); SKTV
AVD1000090 (EU123328); TAMY W10777 (EU627614, AF512828); TCRV (J04340, M20304); WWAV AVS310135 (AY924395, AF228063).

- doi:10.1371/journal.ppat.1000455.g003

In summary, our analysis of the LUJV genome shows a novel
virus that is only distantly related to known arenaviruses. Sequence
divergence is evident across the whole genome, but is most
pronounced in the G1 protein encoded by the § segment, a region
implicated in receptor intcractions. Reassortment of S and L
segments leading to changes in pathogenicity has been described
in cultured cells infected with different LCMV strains [69], and
between pathogenic LASV and nonpathogenic MOPV [70). We
find no evidence to support reassortment of the LUJV L or §
genome  segment  (Figure 3A and 3B). Recombination  of
glycoprotein sequence has been recognized in NW arenaviruses
[14,16,33,34,71-73], resulting in the division of the complex into
four sublincages: lincages A, B, C, and an A/recombinant lineage
that forms a branch of lincage A when NP and L sequence is
considered (see Figure 3C and 3D), but forms an independent
branch in between lincages B and C when glycoprotein sequence
is considered (sec Figure 3D). While récombination cannot be
excluded in case of LUJV, our review of existing databases reveals
no candidate donor for the divergent GPC scquence. To our
krowledge is LUJV the first hemorrhagic fever-associated
arenavirus from Africa identified in the past 3 decades. It is also
the first such virus originating south of the equator (Figure 1). The
Intefnational Committee on the Taxonomy of Viruses (ICTV)
defines species within the Arenazirus genus based on' association
with a specific host, geographic distribution, potcntial to cause

human disease, antigenic cross reactivity, and protein sequence
similarity to other species. By these critcria, given the novelty of its
presence in southern Africa, capacity to cause hemorrhagic fever,
and its genetic distinction, LUJV appears to-be a hew species.

Materials and Methods

Sequencing

Clinical specimens were inactivated in TRlzol (liver tissue, -

100 mg) or TRIzol LS (serum, 250 pl) reagent (Invitrogen,
Carlsbad, CA, USA) prior to removal, from- BSL-4 containment.
Total RNA extracts were treated with DNase I (DNA-free, Ambion,
Austin, TX, USA) and cDNA gencrated by using the Superscript II

system (Invitrogen) and 100-500 ng RINA for reverse transcription

primed with random octamers that were linked to an arbitrary,
defined 17-mer primer sequence [74]. The resulting cDNA was
treated with RNase'H and then randomly amplificd by the
polymerase chain reaction (PCR; [75]); applying a 9:1 mixture of a
primer corresponding to the defined 17-mer sequence, and the
rardom octamer-linked 17-mer primer, respectively {74): Products
>70 base pairs (bp) were sclected by column purification (MinElute,
Qiagen, Hilden, Germany) and ligated -to specific linkers for

sequencing on the 454 Genome Sequencer FLX (454 Life Sciences, -
Branford, CT, USA) without fragmentation of the cDNA.

(19,76,77)). Removal of primer sequences, redundancy filtering,

it RFV ]
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M1 GOGILHRASOVFGLT] ' [0y ENKFVSPKSSL ] .
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' Figure 4. Schematic of conserved protein motifs. Conservation of LUV amino acid motifs with respect F(o all other (gregh highlight), to ow
(yellow highlight), or to NW (biue highlight) arenaviruses Is indicated; grey hightight Indicates features unigue to LUIV. Polymerase motifs pre-A
{Livazds A (Nyz09), B (My313), € (Lyzas), D (Quase), and E (Cy3g8) are indicated for the L ORF; potential myristoylation site Gy, the RING motif Hyy/Cye and

potential late domains YXXL an PSAP are indicated for the Z ORF; and myri

ylation site G, post

and S1P cleavage {RKLMy,), CTL epitope {13;), zinc finger motif Pas/Geaa 25 well as conserved cysteine residues and glycosylations sites (%) are
indicated for GPC. * late domain absent in NW viruses and DANV; 1.PSAP or PTAP in NW viruses, except in PIRV and TCRV (OW viruses: PPPY); # G in
alf viruses except LCMV (=A); $ D in NW clade A only; § conserved with respect 1o OW, and NW clade A and C; HD, hydrophobic domain; T™,

transmembrane anchor.
dok10.1371/journal.ppat.1000455.9004
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and sequence assembly were performed with software programs’
accessible through the analysis applications at the GreenePortal
website (http://156.145.84.111/Tools).

Conventional PCRs at ‘CU were performed with HotStar
polymerase (Qiagen) according to manufacturer’s protocols on
PTC-200 thermocyclers (Bio-Rad, Hercules, CA, USA): an
enzyme activation step of 5 min at 95°C was followed by 435
cycles of denaturation at 95°C for 1 min, annealing at 55°C for
1 min, and extension at 72°C for 1 to 3 min depending on the
expected amplicon size. A two-step RT-PCR protocol was also
followed at CDC using Invitrogen’s Thermoscript RT at 60
degrees for 30 min followed by RNase H treatment for 20 min.
¢DNA was amplified using Phusion enzyme with GC Buffer

. (Finnzymes, Espoo, Firland) and 3% DMSO with an’activation

step at 98°C for 30 sec, followed by the cycling conditions of 98°C
for 10 sec, 58°C for 20 sec, and 72°C for 1 min for 35 cycles and a
5 min extension at 72°C. Specific primer sequences are available
upon request. Amplification products were Tun on 1% agarose
gels, purified (MinElute, Qjagen), and directly sequenced in both
directions with ABI PRISM Big Dye Terminator 1.J Cycle
Scquencing kits on ABI PRISM 3700 DNA Analyzers (Perkin-
Elmer Applied Biosystems, Foster City, CA).

Sequence analyses .

Programs of the Wisconsin GCG Package (Accelrys, San Diego,
CA, USA) were used for scquence assembly and analysis; percent
sequence difference was calculated based on N cdl -Wunsch
alignments (gap open/extension penalties 15/6.6 for nucleotide and
10/0.1 for aa alignments; EMBOSS [78]), using a Perl script to
iterate the process for all versus all comparison. Sccondary RNA
structure predictions were performed with the web-based version of
mfold (http://mfold bioinfo.rpi.cdu); data were exported as .ct files
and layout and annotation was done with CLC RNA Workbench -
(CLC bio, Arhus; Denmark). Protein topology and targeting

- predictions were generated by employing SignalP, and NetNGlyc,

TMHMM (http://www.cbs.dtu.dk/services), the web-based ver-
sion of TopPred (http:/ /mobyle.pasteur.fi/cgi-bin/portal.py?form
=toppred), and Phobius (hup://phobius.sbc.suse/). Phylogenetic
analyses were performed using MEGA software [79].
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150-163.
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Awards

Citing ProMED-mail

Links In the prefecture, about 657 cases of Oropouche fever have been reported

The Municipality of Mazagao (PMMZ) yesterday (4 [Aug 2009)) released

. a report of around 657 cases of oropouche’(virus]vinfection with

About ProMED-mail fever in the municipality in last '3 months. Of these, 29 were
{laboratoxy)] confirmed by the Instituto Evandro Chagas (IEC). The IEC
found that the disease.was caused by biting midges [_Culicoides_].

Donations

According to the secretary of health of Mazagao, Jose Monteiro, the

1st [disease] suspected was malaria followed by dengue, and only
afterward was orcopouche diagnosed by the IEC. The disease has not

been reported in Amapa for a long ‘time, The :ymptomﬁ are very similar

to those of dengue and malaria: fever, heqdache, generalized yalgia..
Biting midges, common in the region, are one of the vectors df the virus.

The 1st cases of oropouche fever appeared in March 2009; in April and
May this year there was an tremendous increase of notifications, more
than 600, in Mazagao Velho and Carvao localities. We are taking
several steps, such as a service for cleaning and spraying in the
city,. to eliminate the outbreak of the disease, said Jose Monteiro.

The oropouche virus is the 2nd most frequent cause of arbovirus fever
in Brazil. According to the Ministry of Health (MoH), about half a
million cases of fever have occurred in Brazil in the last 30 years,

there are records of events in Panama, Peru, Suriname and Trinidad and Tobag

Outbreaks of oropouche fever have been recorded only in the Amazon.
Global warming of the planet, deforestation and consequent
redistribution of insect vectors and animal reservoirs are some factors.

Communicated by:
ProMED-PORT -
<promed@promedmail.org>

[Mazagao is located next -to Mgnga, just to the southwest, near the
mouth of the Amazon River. Its population does not exceed 15 000
inhabitants, providing an incidence of 4380 fever cases per 100 000 -
inhabitants overall. Oropouche is a virus ‘of the Bunyaviridae family.
It was isolated for the 1st time in 1960. It is transmitted by
_Culicoides spp_ and is one of the most’ common causes of
, Undifferentiated fever in northern and central-west Brazil. The

v disease caused by the virus and essentially is benign, presenting no ..

great (health ox mortality) risk. - Mod.LJS]

113 R .
[oropouche fever cases have also occurred in ?gru,‘where it was

DY

2/2 R

init%ally confused with dengue virus infections (see the ProMED
archive below). Some recent reports of oropouche virus infections in
Brazil include:

Ref: Sporédic oropouche virus infection, acre, Brazil.
Emerg Infect Dis 15:348-50. .
<http://wew.pubmedcentral.nih.gov/srticlerender.fcqifartid=2657612>

Aythors: Bernardes-Terzian AC, de-Moraes-Bronzoni RV, Drumond BP, Da
Silva-Nunes M, da-Silva NS, Urbano-Ferreira M, Speranca MA, Nogueira ML. 20

Ref: Oropouche fever epidemic in Northern Brazil: epidemiology and
molecular characterization of isolates.

J Clin Virol, 44:129-33.
<http://www.journalofclinicalvirology.com/article/S1386~6532%2808%2900399-5
(abstract) )

Authors: Va§concelas HB, Azevedo RS, Casseb SM, Nunes-Neto JP, Chiang

JO, Cantuaria PC, Segura MN, Martins LC, Monteiro HA, Rodrigues SG,

anes MR, Vasconcelos PF. 2009.

A map showing the location of Mazagao in the Amazon River. delta can
be accessed at:
<http://www.maplundia.com/bza;il/amaga(mazaqao/sao-tome/reqister/>

A HealtéMap/ProMED-mail interactive map of Brazil can be accessed at:
<http://healthmap.org/pxomed/en?v=-10.8,—53.1,4> '
- Mod. TY]

{See also:

1995

Oropouche fever - Peru 19950329.0167
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ABSTRACT

BACKGROUND
On April 15 and Apnl 17, 2009, novel swine-origin influenza A (H1N1) virus (- o)

- was identified in specimens obtained from two cpldemxologlcally unlinked patients

in the United States. The same strain of the virus was identified in Mexico, Canada,
and clsewhere. We.describe 642 confirmed cases of human S-OIV infection identi-
fied-from the rapidly evolving U.S. outbreak.

METHODS :
Enhanced surveillance was implemented-in the United States for human infection-
with influenza A viruses that could not be subtyped. Specimens were sent to the Cen-
ters for Disease Control and Prevention for real-time reverse-transcriptase—poly-
merase-chain-reaction confirmatory testing for S-OIV. -

RESULTS
From April 15 through May 5, a total of 642 conﬁrmed cases of S-OlV infection
were identified in 41 states. The ages of patients ranged from 3 months to 81 years;

'60% of patients were 18 years of age or younger. Of patients withavailable data,

18% had recently traveled to Mexico, and 16% were identified from school outbreaks
of S-OlV infection. The most common presenting symptoms were fever (94% of
patients), cough (92%), and sore throat (66%); 25% of patients had diarthea, and
25% had vomiting. Of the 399 patients for whom hospitalization status was known,
36 (9%) required hospitalization. Of 22 hospxtahzed patients with available data, 12
had characteristics that conferred an increased risk of severe seasonal influenza, 11
had pneumonia, 8 requu'ed admission to an intensive care unit, 4 had respiratory
failure, and 2 died. The S-OIV was determined to have a unigue genome composn-_
tion that had not been identified previously.

CONCLUSIONS
A novel swine-ofigin influenza A virus was identified as the cause of ottbreaks of
febrile respiratory infection ranging from self-limited to severe illness. It is likely
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P SRIPLE-REASSORTANT SWINE INFLUENZA
viruses, which contain genes from human,
.4«. swine, and avian influenza A viruses, have
been identified in swine in the United States since
1998,2 and 12 cases of human infection with such
viruses were identified in the United States from
2005 through 2009.3 On April 15 and April 17, 2009,
the Centers for Disease Control and Prevention
(CDC) identified two cases of human infection
with a swine-origin influenza A (HIN1) virus
(S-O1V) characterized by a unique combination
of gene segments that had not been identified
among human or swine influenza A viruses. As of
May 5, 2009, cases of human infection with the
same novel virus have also been identified in
Mexico, Canada, and elsewhere. We report the
first 642 confirmed cases of human infection
with this virus in the United States.

METHODS

PATIENTS IN OUTBREAK

On March 30, 2009, in San Diego County, Califor-
nia, a 10-year-old boy with asthma (Patient 1) had
an onset of fever, cough, and vomiting. On April 1,
he was evaluated in an urgent care clinic, where he
received treatment for his symptoms. He recovered
from the illness within approximately 1 week. An
influenza A virus that could not be sub-typed
was identified from a nasopharyngeal specimen
that was collected from Patient 1 as part of a
clinical trial to evaluate an experimental diag-
nostic test. As specified by the study protocol,
the specimen was then sent to a reference labora-
tory for further testing and was found to be pos-
itive for influenza A virus but negative for both
human H1 and H3 subtypes, with the use of real-
time reverse-transcriptase—polymerase-chain-
reaction (RT-PCR) testing. On April 15, the CDC
received the clinical specimen and identified a
novel influenza A (HIN1) virus of swine origin.
On the same day, the CDC notified the California
Department of Public Health, and an cpidemio-
logic investigation was initiated by state and lo-
cal health department officials and animal health
officials. A viral isolate was found to contain genes
from triple-reassortant swine influenza viruses
that were known to circulate among swine herds
in North America and two genes encoding the
neuraminidase and matrix proteins that were most

- closely related to genes of viruses obtained from

N ENGL) MED 360;25 NE/M.ORG JUNE 18, 2005

ill pigs in Eurasia, according to results available
in GenBank.

On March 28, 2009, in Imperial County, Cali-
fornia, a 9-year-old girl (Patient 2) without an epi-
demiologic link to Patient 1 had an onset of cough
and fever. Two days later, she. was taken to an out-
patient clinic that was participating in an influ-
enza surveillance project. A nasopharyngeal swab
was collected at the clinic. Patient 2 was treated
with amoxicillin-clavulanate, and she had an un-
eventful recovery. The nasopharyngeal specimen
was sent to the Naval Health Research Center in
San Diego, where an influenza A virus that could
not be subtyped was identified. The specimen was
shipped to the CDC, where it was received on April
17, and a novel influenza A (H1N1) virus of swine
origin was identified. The genotype of the virus
was similar to that of the vitus isolated from the
sample obtained from Patient 1. On April 17, both
cases were reported to the World Health Organi-
zation (WHO), according to the provisions of the
International Health Regulations.

Epidemiologic investigation of Patients 1 and
2 revealed that neither patient had a recent his-
tory of exposure to swine. According to protocol,
the identification of these twa epidemiologically
unlinked patients with novel S-OIV infection
prompted the CDC to notify state and local health
departments, which initiated case investigations
and implemented enhanced surveillance for influ-
enza A viruses that could not be subtyped. The
CDC issued recommendations to clinicians, ask-
ing that they consider the diagnosis of S-OIV in-
fection in patients. with an acute febrile respiratory
illness who met the following criteria: residence
in an area where confirmed cases of human in-
fection with S-OIV had been identified, a history
of travel to such areas, or contact with ill persons
from these areas in the 7 days before the onset
of illness, If S-O1IV infection was suspected in a
patient, clinicians were asked to obtain a nasopha-
ryngeal swab from the patient and to contact their
state and local health departments in order to fa-
cilitate initial testing of the specimen by RI-PCR
assay at the state public health laboratory, State

public health laboratories were asked to send all

specimens identified as influenza A viruses that

could not be subtyped to the CDC for further in-

vestigation. Additional cases were identified with
the use of a nationally standardized case defini-
tion of confirmed swine influenza A (HIN1) vi-

B ' -
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rus infection, which was defined as an acute fe-
brile respiratory illness with the presence of S-OIV
confirmed by realtime RI-PCR, viral culture,
or both.

This report was exempt from the requirement
for institutional review, and the privacy rule of the
Health Insurance Portability and Accountability
Act did not apply since it was a public health in-
vestigation.

REAL-TIME RT-PCR
The CDC has developed a real-time RT-PCR assay
to detect seasonal influenza A, B, H1, H3, and
avian HS serotypes. This assay has been approved
by the Food and Drug Administration (FDA) and
was distributed in December 2008 through U.S.
Public Health laboratories and the WHO’s Global
Influenza Surveillance Network. Primers and
probes specific for swine influenza A (H1 and
H3 subtypes) were recently developed and tested
for use in a modified version of this assay for the
detection of human infection with swine influ-
enzaviruses. These previously developed reagents
allowed the CDC to quickly modify the existing
assay for specific detection of $-OIV. Technical
details on this assay have been published on the
WHO Global Influenza Programme Web site at
www.who.int/csrfresources/publications/swineflu/
CDCrealtimeRTPCRprotocol_20090428.pdf.

NUCLEOTIDE SEQUENCING AND PHYLOGENETIC
ANALYSIS

A total of 49 viral isolates from specimens ob-
tained from patients with confirmed S-OIV infec-
tion in 13 states in the United States were grown
in MDCK cell cultures. Amplicons for sequencing
were generated by reverse transcription, followed
by PCR amplification to generate overlapping dou-
ble-stranded DNA amplicons covering each of eight
segments of the influenza virus genome. Primers

were designed to bind approximately every 200 to .

250 nucleotides along the genome with degener-
ate bases to allow for sequence variation (for de-
tails, see the Supplementary-Appendix, available

. with the full text of this article at NEJM.org).
Sequencing reagtions _weke performed on a

standard high-througliput sequencing system with .

the use of BigDye Terminator, version 3.1 (Ap-
plied Biosystems).with 1 mm? of template double-
stranded DNA. Sequence data were assembled and

+ contiguous sequerices were generated with the .

Sequencher software package, version 4.7 (Gene
Codes). All sequence data that were used in this
study are available from GenBank (see the Sup-
plementary Appendix for details).

PHYLOGENETIC ANALYSIS

Phylogenetic trees were inferred with the use of
the maximum-likelihood method in the GARLI
0.96b7 package. All phylogenetic analyses were vi-
sualized in TreeView, version 1.6.6.

RESULTS

PATIENTS
From April 15 through May 5, 2009, a total of 642
confirmed cases of human infection with the out-
break strain of S-OIV were identified in 41 states
(Fig. 1 and 2). Cases of human infection with the
outbreak strain of $-OIV were also reported in
Mexico, Canada, and other countries.* Among 381
U.S. patients for whom data were available, 18%
reported having traveled to Mexico within 7 days
before the onset of illness; of these patients, 7 were
subsequently hospitalized. ’

Four clusters of confirmed $-OIV infection
were identified carly in the investigation in schools -

and universities in South Carolina (7 students),
Delaware (22 students), Texas (S students), and
New York (70 students, school staff, and. con-
tacts of students). Some students attending the
school in New York where the cluster of con-
firmed. cases: occurred and who did not have
confirmed infection were reported to have trav-
cled to Mexico during the week preceding the
cluster of illnesses. In addition to the confirmed
cases that were identified in the four school out-
breaks, respiratory illnesses for which samples
were not obtained occurred among household and
school contacts of patients with confirmed S-OIV
infection. '

DEMOGRAPHIC AND CLINICAL FEATURES

. The age of patients with confirmed S-OIV infec-
tion ranged from 3 months to 81 years (Table 1).
A total of 40% of patients were betweén the ages
of 10 and 18 years, and only 5% of patients were
51 years of age or older, Among the patients for

whom clinical information was available, the most.

common symptoms were fever (94%), cough (92%),

and sore throat (66%). In addition, 25%of patients

had diarrhea, and 25% had vomiting.

i N ENGL) MED 360,25 NEJM.ORG JUNE 1B, 2009~
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Date of Onset
@ e' April 15, 2009 — CDC identifies S-OIV from specimen taken from Patient 1. . !

1 €® April 17, 2009 — CDC identifies S-O1V from specimen taken from Patient 2 and the U.S. government notifies World Health
! Organization (WHO) of Patients 1 and 2 per International Health Regulations. :

| &3 April 23, 2009 — CDC conducts first press briefing related to outbreak.
H € April 25, 2009 —WHO declares public health emergency of internationa! concern,

i @ April 26, 2009 — WHO raises global pandemic alert to phase 3, characterized by sporadic cases or smalt clusters of disease
caused by b imal ion.of an infl reassortant virus.

i G April 26, 2009 —— United States declares public health emergency.

H .

i @ April 27, 2009 — WHO raises global pandemic alert to phase 4, characterized by human-to-human transmission of an animai

H or human-animal influenza reassortant virus able to cause “community-level outbreaks.”

'

@ April 29, 2009 — WHO raises global pandemic alert to phase S, characterized by human-to-human transmission of the virus
in at least two countries in one WHO region.

Figure 1. Epidemiologic Curve of Confirmed Cases of Human Infection with Swine-Origin Influenza A {H1N1) Virus with Known Date

of lliness Onset in the United States (March 28-May 5, 2009). . .

Data regarding the date of onset of iliness were available for 394 patients. This epidemiologic curve does not reflect all cases of infection
with 5-OIV from March 28 through May S, 2009, because of the lag in case reporting and laboratory confirmation.

. - » .
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Of the 399 patients with confirmed S-OIV that were not being treated with megjeationsi a -
infection for whom hospitalization status was 22-month-old child with a history of neonatal
known, 36 (9%) required hospitalization. The-age rmyasthenia gravis, a ventriculoseptal defect, swal-
of hospitalized patients ranged from 19 months lowing dysfunction, and chronic hypoxia; and five
to S1 years. Of the 22 hospitalized patients for patients with asthma alone. Seven patients (32%)
whom data were available, 4 (18%) were children reported having traveled to Mexico within 7 days
under the age of 5 years, and 1 patient (4%) was -before the onset of illness. Eleven patients (50%)
pregnant. Nine patients (41%) had chronic med- had radiologically confirmed pneumonis, includ-

- jcal conditions: a 41-year-old woman with autoim- ing one patient who had pneumomediastinym,
mune disease treated with multiple immunosup- - one patient who had necrotizing pneumonia, and
pressive agents; a 35-year-old_man with Down’s one patient who had an empyema that was surgi-
syndrome and ‘a history of congenital heart dis- cally drained, with no growth from culture of .
ease; a 33-year-old woman who was 35 weeks empyema fluid. Eight patients (36%) required
pregnant and who had been in relatively good- admission to an intensive care unit, and four
health with a history of mild asthma and psoriasis ~patients (18%) had respiratory failure requiring -

Downloaded from www.nejm.org at NIHON-SEKIJUJI an June 22, 2009 .
Copyright © 2009‘Massachufﬁt§ Medical Soclety. All rights reserved. 4
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{May S, 2009),

Figure 2. Distribution of 642 Confirmed Cases of Human Infection with Swine-Origin Influenza A {HIN1) Virus in the United States

There were no cases in the District of Columbia. One case involving a resident of Kentucky occurred in Georgia.

mechanical ventilation.- Fourteen patients (74%)
were treated with oseltamivir after admission to
the hospital. As of May 5, 18 of the 22 patients
(82%) had recovered from the acute illness; 2
patients — a previously healthy 23-month-old
child and a previously healthy 30-year-old woman
— remained critically i1l with respiratory failure,
and the 22-month-old child with neonatal my-
asthenia gravis and the 33-year-old woman who
was pregnant when she became ill died.

LABORATORY ANALYSES ~

Original clinical samples that were obtained from
all 642 patients with confirmed infection and that
were received by the CDC were tested with the use
of real-time RT-PCR assays for swine influenza,
and all the samples were confirmed to be positive
for S-OIV. Among the 49 S-OIV isolates from 13
states in the United States that were sequenced at
the CDC as of May 5, 2009, all were 99 to 100%
identical in all genes. Phylogenetic analysis of se-

quences of all genes of A/California/04/2009, the
virus isolated from Patient 1, showed that its ge-

nome contained six gene segments (PB2, PB1, PA, .

HA, NP, and NS) that were similar to ones previ-
ously found in triple-reassortant swine influenza
viruses circulating in pigs in North America (Ta-
ble 2). The genes encoding neuraminidase (NA)
and M protein (M) were most closely related to
those in influenza A viruses circulating in swine
populations In Eurasia (Fig. 3). This particular ge-
netic combination of influenza virus segments had
not been seen before in the United Statesor else-
where, Previous North American triple-reassortant
swine influenza A (H1) viruses were known to be
composed of the hemagglutinin (HA), nucleopro-
tein (NP), NA, M, and nonstructural protein (NS)
genes, originating from clgssic swine influenza A
vituses; the polymerase PB2 (PB2) and polymefase
(PA) genes from avian influenza viruses from the
North American lineage; and the palymerase PB1
(PBI) gene from human influenza A viruses.

s ”

o _ 126 ‘
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Table 1. Characteristics and Symptoms of the 642 Patients with Confirmed
Swine-Origin Influenza A (HIN]).

Characteristic
Male sex— no./total no. (%)

Age

Student.in school outbreak — no./total no. (%)

Recent history of travel to Mexico -— no.ftotal no. (%}*

Value
302/592 (51)

20
Imoto8lyr

Age group — no./total no. {%)

14/532 (3)
27/532(5)
65/532 (12)

212/532 (40)

187/532 (35)
27/532 (5)

1047642 (16)
68/381 (18)

Clinical symptoms — no. ftotal no. (%)

3717394 (94)
365/397 (92)
242/367 (66)
82/323 (25)
747295 (25)

Hospitalization — no. /total no. (%)

36/399 (9)
Had infiltrate on chest radiograph 11/22 (50)
Admitted to intensive care unit 8/22 (36)
Had respiratory failure requiring mechanical 4122 (18)
ventilation
Treated with ascltamivir 14719 (74)
Had full recovery 18/22 (82)
Vaccinated with influenza vaccine during 2008-2009 3719 (16)
2/36 (6)

* A recent history was defined as travel to Mexico no more than 7 days before
the onset of illness.

2610

Although the HA of S-OIV belongs to the same
lineage as the gene found in recent human cases
of triple-reassortant influenza A (H1) virus infec-
tion, the two genes differ by approximately 20 to
30 amino acids in the HA1 regions alone (Fig. 1
in the Supplementary Appendix). Among viral iso-
lates from the current epidemic, there were up to
five nucleotide changes resulting in four amino
acid changes in HA.

The NA of $-OIV has the closest homology to
the Eurasian lineage of swine influenza viruses,

such as A/swine{Belgium/1/83 H1N1 (Fig. 2 in the
Supplementary Appendix). In contrast, the HIN1
triple-reassortant swine influenza virus in the re-
cent human infections contains NA from the
North American swine lineage.? The NA genes
from the Eurasian and North American swine in-
fluenza virus lineages are highly divergent, with
more than 77 differences in amino acids between
these lineages. There are two differences in nu-
cleotides and one difference in amino acids be-
tween the viruses isolated from specimens taken
from Patients 1 and 2. Data from both genetic
sequencing and functional neuraminidase-inhi-
bition assays indicate that all S-OIVs that have
been examined are susceptible to both oseltami-
vir and zanamivir, two antiviral medications ap-
proved for the prevention and treatment of influ-
enza in the United States (Table 3).

Like ‘NA, the M gene of A/Californiaj04/2009
has the closest homology to the M gene in the
Eurasian lineage of swine influenza viruses (Fig. 3
in the Supplementary Appendix). Analyses of the
M gene from all samples from the current epi-
demic showed a serine 31-to-asparagine mutation
that confers resistance to M2 blockers (adaman-
tanes), including amantadine and rimantadine.
This phenotype is typical for recent Eurasian lin-
eage swine influenza viruses but has not previ-
ously been seen in American swine viruses.

Sequences of the PB1, PB2, PA, NP {replication
complex), and NS genes obtained from samples
from the current epidemic have the closest homol-
ogy to the genes in the swine influenza viruses
that have been recently isolated in the United
States from the North American swine lineage.
These sequences were 99 to 100% identical at the
amino acid level (data not shown; sequences are
av(ailab]e from GenBank).

DISCUSSION

As of May S, 2009, a total of 642 cases of human
infection with a novel swine-origin influenza A
(H1N1) virus have been identified in the United
States, and additional cases have been identified in
Mexico, Canada, and elsewhere.® On April 25, the
WHO declared z public health emergency of in-
ternational concern, and on April 26, the United
States declared a public health emergency. On
April 29, the WHO raised the pandemic influen-
za phase from 4 to 5, indicating that human-to-
human transmission of the virus was occurring
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in at least two countries in one WHO region. The
emergence of S-OIV infection among humans pres-
ents the greatest pandemic threat since the emer-
gence of influenza A (H3N2) virus in 1968.

In the United States to date, most confirmed
cases of S-OIV infection have been characterized
by selflimited, uncomplicated febrile respiratory
illness and symptoms similar to those of seasonal
influenza (cough, sore throat, rhinorrhea, head-
ache, and myalgia), but approximately 38% of
cases have also involved vomiting or diarrhea, nei-
ther of which is typical of seasonal influenza.
However, some patients have been hospitalized
with more severe disease, and two patients have
died. The observation that 60% of patients were
18 years of age or younger suggests that-children
and young adujts may be more susceptible to
S-OIV infection than are older persons or that be-
cause of differences in social networks, transmis-
sion to older persons has been delayed. It is also
possible that elderly persons may have some level
of cross-protection against S-OIV infection from
preexisting antibodies against other influenza A
(H1N1) viruses, as suggcs_tea by serologic studies
of the 1976 swine influenzd vaccine.>* A poten-
tial case-ascertainment bias may also exist, with
more young people being tested as part of out-
breaks of S-OIV infection in s¢hools? and fewer
older persons being tested for influenza. How-
ever, the epidemic is evolving rapidly, and the
number of confirmed cases is an underestimate
of the number of cases that have occurred.

Continued identification of new cases in the
United States and elsewhere. indicates sustained
human-to-human transmission of this novel influ-
enza A virus, The modes of transmission of in-
fluenza viruses in humans, including S-COIV, are
not_known but are thought to occur mainly
through the dissemination of large droplets and
possibly small-particle droplet nuclei® expelled
when an infected person coughs. There is also
potential for transmission through contact with
fomites that are contaminated with respiratory
or gastrointestinal material.>® Since many pa-
tients with S-OIV. infection. have had diarrhea,
the potential for fecal viral shedding and subse-

.quent fecal-oral transmission should be consid-

ered and investigated. Until further data are avail-
able, all potential routes of transmission and
sources of viral shedding should be considéred.

The incubation period for S-OIV infection ap-
pears, to range from 2 to 7 days; however, addi-

fied in AfCaliforniaf04/2009.¢

of all Genes Id,

is of Seq;

Y

Table 2.-Phylogenetic A

Nicleotide

1 Information

Additi

i

Subtype

Lineage

Strain

AfSwine/Indiana/P12439/00

NCBI Number
"AF455600.1

Length

Gene

HA

1621/1701 (95%)
1302/1410 (92%)
945/972 (97%)

HIN2
HIN1

North American swine

1701
1410
872

~

Eurasian swine

AfSwine/Belgium/1/83

£J412690.1

NA

Eurasian swine H3N2 Human case of HIN2

Af/Hong Kong/1774/99

AJ293925.1

Eurasian swine influenza

2186/2264 (96%)
2203/2274 (96%)
877/925 {94%)

HIN2
HIN1
HI1N2
HINZ
H3N2

North American swine

A/swine[Korea [JNS06/2004

"AfWisconsin/10/98

EU30117722
AF342823.1

2264

P82
P81
PA
NP

North American swine

2274

A/Swine/North Carolinaf93523/01

AfSwineflowa/533/99

North American swine

AF455717.1

925

144971497 (96%)
8097838 (96%)

North American swine

AF251415.2
AF153262.1

1497

North American swine

838

NS

AfSwine/Minnesota/9083-2/98
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* Data were derived from the Human Genome Project with the use of the Basic Local Alignment Search Tool (BLAST) algorithm (www.ncbi.nlm.nih.gov).
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Human H1N1 Cases from Human HIN] Cases

Triple-Reassortant Swine in California
pBZ- - - " pB2.:
PB1 o * P81 msmwms
PA y PA !
HA vam—c i HA wmawcmwsmws "'i
’ NP s ! : NP eomsm— t
; NA oomnesmmmns ,“T )', NA eousaves '
\ M e M er——
N NS =aswsesmes |/ NS veresenn

wmswemmsmy  Classic swine, North American lineage

Avian, Narth American lin:age

womaecsccse: Seasonal H3IN2
- {
g 1 ! wemmepmsmer Eurasian swine lineage

Figure 3. Comparison of HIN1 Swine Genotypes in Recent Cases

in the United- States.

The triple-reassortant strain was 1dent|ﬂed in specimens from patients with
infection with triple-reassortant swine influenza viruses before the current
epidemic of human infection with 5-OIV. HA denotes the hemagglutinin
gene, Mthe M protein gene, NA the neuraminidase gene, NP the nucleo-
protein gene, NS the nonstructural protein gene, PA the polymerase PA
gene, PBI the polymerase PB1 gene, and PB2 the polymerase PB2 gene.

tional information is needed. On the basis of data
- regarding viral shedding from studies of seasonal

influenza, most patients with S-O1V infection

might shed virus from 1 day before the onset of
symptoms through S to 7 days after the onser of
symptoms or until symptoms resolve; in young
children and in immunocompromised or severely
ill patients, the infectious period might be longer.*
Studies of viral shedding to define the infectious
period are under way. The potential for persons
with asymptomatic infection to be the source of
infection to others is unknown but should be in-
vestigated.

The clinical spectrum of novel S-OIV infection
is still being defined, but both self-limited illness
and severe outcomes, including respiratory fail-
ure and death, have been observed among iden-

‘ tified patients — a wide clinical spectrum simi-
' lar to that seen among persons infected with
carlier strains of swine-origin influenza viruses?

;
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and seasonal influenza viruses.!* The severe ill-
ness and deaths associated with seasonal influ-
enza epidemics are in large part the result of
secondary complications, including primary viral
pneumonia, secondary bacterial pneumnonia (par-
ticularly with group A streptococcus, Staphylococcus
aureus, and Streptococcus pneumoniae),*3** and ex-
acerbations of underlying chronic conditions.*®
These same complications may occur with S-OIV
infection. Patients who are at highest risk for
severe complications of S-OIV infection are likely
to include but may not be limited to. groups at
highest risk for severe seasonal influenzd: chil-
dren under the age of 5 years, adults 65 years of
age or older, children and adults of any age with
undetlying chronic medical conditions, and preg-
nant womnen.?”*8 Of the 22 hospitalized patients
with confirmed S-OlV infection who have been
identified thus far and for whomi data are avail-

" able, 12 had characteristics (pregnancy, chronic

medical conditions, or an age of less than S years)
that conferred an increased risk of severe seasonal
influenza, although none of the patients were 65
years of age or older.

" Human infection with novel S-OIV emerged in
the United States at a time when seasonal influ-
enza A and B virus activity was decreasing. The,
cocirculation of human influenza A (H1IN1) virus,
influenza A (H3N2) virus, or influenza B virus in
areas where human cases of $-OIV infection are
being identified presents diagnostic and treatment
challenges for clinicians. Clinicians should con-

sider the diagnasis of S-OIV infection in patients

with febrile respiratory illness seeking care in
affected areas or in those who: have traveled to
affected areas. The CDC has developed a Swine
Influenza Virus Real-Time RT-PCR Detection Pan-

.el. Under the Project Bioshield Act of 2004, the

FDA has issyed an emergency-use authorization,
allowing for the use of this assay by state public
health laboratories to respond to the current out-

‘break.® If S-OIV infection is suspected and diag-

nostic testing is indicated, clinicians should ob-
tain a nasopharyngeal specimen, notify their local
public health department, and arrange for speci-
mens to be tested for S-OIV by Swine Influenza
Virus Real-Time RT-PCR Detection Panel, accord-
ing to local and state public health guidance and
after consideration of local laboratory capacity for
diagnostic testing.

Two classes of antiviral medxcanon are avail-
able for the treatment of seasonal human influ-:

Downlcaded from www.nejm.org at NIHON-SEKIJUJ! on June 22, 2009,
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enza: neuraminidase inhibitors (oseltamivir and
zanamivir) and adamantanes (rimantadine and
amantadine). During the 2008-2009 influenza sea-
son, almost all circulating human influenza A
(H1N1) viruses in the United States were resis-
tant to oseltamivir.2® However, genetic and phe-

notypic analyses indicate that S-OIV is susceptible -

to oseltamivir and zanamivir but resistant to the
adamantanes.?® At this time, the clinical effec-

“tiveniess of antiviral treatment for S-OlIV infec-

tion is unknown. As of May 5, 2009, the CDC has
recommended that given the severity of illness
observed among some patents with S-OIV infec-
tion, therapy with neuraminidase inhibitors should
be prioritized for hospitalized patients with sus-
pected or confirmed S-OIV infection and for pa-
tients who are at high risk for complications from
seasonal influenza. As recommendations are up-
dated, they will be posted on the CDC’s Web site

-at www.cdc.gov/hlniflu/recommendations.htm.

The EDA has issued an emergency-use authoriza-
tion that approves the use of oseltamivir to treat
influenza in infants under the age of 1 year

- (treatment that is normally approved for those

1 year of age or older) and for chemoprophylaxis
in infants older than 3 months of age (chemo-
prophylaxis that is normally approved for chil-
dren 1 year of age or older).”®

Prevention and control measures for S-OIV are
based on our understanding of seasonal human
influeniza?*and consideration of potential modes
of transmission. As of May 5, 2009, the CDC has
recommended that health care workers who pro-
vide direct care for patients with known er sus-
pected S-OIV infection should obsérve contact and
droplet precautions, including the use of gowns,

- gloves, eye protection, face masks, and fit-tested,

disposable N95 respirators, In addition, patients
with confirmed -or suspected $-OIV infection
should be placed in a single-patient room with the
door kept closed; and airborne-infection isolation
rooms with negative-pressure handling should be
used whenever an aerosol-generating procedure

. is being performed. Frequent hand washing with

soap and water may reduce the risk of infection
and transmission.?® As recommendations are up-
dated, they will be posted at www.cde.gov/h1nifla/
guidelines_infection_control.htm. Because the
novel S-OIV strain is antigenically distinct from

the influenza A (H1N1) strain represented inthe -

2008-2009 influenza vaccine, seasonal influenza

N ENGL) MED 360;25 NEJM.ORG . JUNE 18,2009

Table 3. Susceptibility of 37 isolates of Swine-Origin Influenza A (H1N1)
Virus to Neuraminidase Inhibitors.”
Variable Oseltamivir Zanamivir
1Cso R/S 1Cso R/S
nM ' M
Mean 0.57 S 0.59 S.
Median 0.54 ' 059
Seasonal control '
Known susceptibility 0.63 S 0.60 S
Known resistance 265.27 R 127 S

* Susceptibility was ana(yzed with the use of chemllummescenl neuraminidase
inhibition assay with the NAStar Kit {Applied Biosystems). ICso denotes mhlb-

itory concentration of 50%, R resistant, and § susccptlble .

vaccination during the 2008~2009 influenza sea-
son is not anticipated to provide protection against
novel S-OIV infection, A strain of $-OIV has been
identified as a potential egg-derived candidate
strain for S-OlIV vaccine development and has been
sent to partner laboratories for evaluation and fur-
ther development.

Given the rapidly evolving nature of this out-
break, the CDC's recommendations are. likely to
change as more information becomes available.
Clinicians are advised to monitor the HiN1 Influ-
enza Center (NEJM.org) and the CDC Web site
(www.cde.gov/hin1fluf) for changes-in guidance
for testing, treatment; and infection control:

In conclusion, we report an outbreak of human
infection with a novel influenza A (H1NI) virus

‘of swine ‘origin inthe United States, which is

spreading through sustained human-to-human

‘transmission in multiple countries. The identifi-

cation of human $-OIV infection in geographically
dispersed countries and across continents demon-
strates the ease with which infection can be spread
and facilitated by air and land travel and com-
munity networks and gatherings. As enhanced
surveillance for S-OIV infection is implemented
globally, additional cases are expected to be iden-
tified. The cases of infection with S-OIV described
in this report may prov1de guidance for clinicians
with respect to presenting symptoms and out-
comes of infection with this novel virus,

No potentia :onﬂlct of interest relevant to this.article was
reposted,

‘The findings and conclusions in this amcle are those of the
authors and do not necessarily represent the views of the CDC.
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APPENDIX

The members of the Novel Swine-Origin Influenza A (HIN1) Investigation Team are as follows (astetisks indicate members of the
EBpidemic Intelligence Service, Office of Warkforce and Career Development, Centers for Disease Conurol and Prevention): Alabame De-
partment of Public Health: S. Massingale, T. Pippin, §. Davidson; Alaska Department gf Health and Social Services: J. Butler, J. McLaughlin, E.
Funk; Arizona Department of Health Services: S.M. Anderson, L. Erhart, K.K. Komatsu; American Samoa Govemment Departiment of Health: S. Le-
musu, S. Mageo, 1. Tuliau; Califomic Department of Public Health: M. Acost, O. Anderson, G. Chavez, §. Chen, D. Cottam, C. Fritz, D.
Gilliss, C. Glaser, J. Glover, H. Guevara, K. Hansen, K. Harriman, R. Harrison, D. Hatch, H. Kayman, J. Kim, A. Kimura, A. Kjemtrap,
R Kreutzer, J. Louie, B. Lyman, B. Maryas, S. Messenger, E. Moyer, R, Neiman, H. Rosen, J. Rosenberg, L Rudolph, K. Salibay, M.
Samuels, R. Schechter, D. Schourr, R. Shaikh-Lesko, C. Sheets, C, Starling, B. Sun, J. Talarico, D. Vugia, C. Wheeler, K. Winter, D.
Wohlfeiler, E. Yamada; Colorade Department of Public Henlth and Environment: J. Kenfield, K. Gershi N, Calonge; C itut Dep

Pirhlic Health: M. Carrter, J. Fontana, P. Mshar; Dickinson County Health Department. L. Davies, B.L. Holwmes; District of Columbio Department of
Health: C. Glymph, G. Lum, R. Diggs; Florida Departnent of Health: L. Ball, ). Hamilton, R. Hopkins; Guam Department of Public Heglth and
Social Services: L. Duguies, A. Mathew, J.T. O'Mallan; Georgio Department of Public Health: D. Cole, C.L. Drenzek, T. Parrot; Howeii Department
of Health; J.L. Elm, M. Nakaw, S.Y. Park; Houston Department of Health and Human Services: D. Awosika-Olumo; Minois Department of Public
Health: C. Finley, K. Hunt, K. McMahon; Imperial County Public Health Deportment: P. Ktiner, K. Lopez, M. Rios; Indiara State Depariment of
Health: M. Glazict, J. Monroe, S. Richards; fowa Department of Public Health: A. Garvey, M. Harris, P, Quinlisk; Kanses Department of Health
and Environment: M.C. Bafiez Ocfemiz, D.C. Hunt, D. Neises, 1.C. Trevino-Garrison; Kentucky Departinent of Public Health: K.E. Humbaugh,
E.C. Lurterloh, TJ. Sugg; Louisiane Departmant of Health and Hospitals: J. Guidry, S. Martin, R. Ratard; Maine Departinent of Health and Human
Strvices: K. Gensheimer, A. Pelletier, S. Robinson; Maryland Departyment of Health and Mantal Hygiene: D. Blythe; Massachusetts Department of
Public Health: N.M. Cacoros, S.M. Lett, S. Smole; Michigan Department of Community Health: J, Collins, . Vagasky, E. Wells; Mississippi State
Department of Health: M. Currier, P, Byers, R, James; Minnesota Department of Health: A. DeVries, R. Lynfield, S. Magnan; Missouri Departimant
of Health and Senior Savices: K. Og, S. Pamick, G. Turabelidze; Montana Department of Health and Human Services: B. Barnard, A. Weber, J.
Mason; Naval Health Reseasch Center: D. Faix, P, Blait; Novy Medical Center, San Dicgo, CA: S. Sherman, J. Tueller; Nebrasks Department of Health
and Human Services: T. Safranek, J. Schaeffer, R. Williams; New Hompshire Department of Health and Human Services: C. Adamskd, E. Talbot, §:
Merae-Stern; New Jersey Departnent of Health and Human Services: C. Genese, M. Malavet, L. McHugh; New York City Department of Health and
Mental Hygiare: Swine Flu Investigation Team; New York State Department of Health: X. St. George, K. Noyes, P.E. Smith; Nerth Caroling Depart-
meyt of Health and Human Services: J. Casani, ). Engel, Z. Moore; North Dakota Deportment af Health: D. Duwelle, M. Feist, T. Wiedrich; Ohio
Depantment of Health: J. 0’Quin, K. Boyland, B.'Bradley, F. Smith, K. Smith, K. Winpisi Oklahoma Stote Dey of Health: K. Bradley,
M. McDermoty, K. Rayno; Oregon Deparnnent of Health: D. Cieslak, K. Hedberg, M. Kohn; Pennsyluania Deportment of Health: ). Lute, M. Moll,
S. Ostroff; Randolph Air Forer Base 12th Medical Group: S.Y. Green; Rhodr Istand Department of Health: U. Bandy, T. Coaper, E. King; San Antonio
Metropolitan Health District: B.J. Alsip, F.A. Blevins, F.A. Guerra, R Sanchez; San Diego County Health and Hunen Services: M. Ginsberg, J.
Johnson, A. Maroufi, D. Sunega; South Carolina Dep of Health and Envi I Control: ID. Drociuk, J. Gibson, G. Potter; South Da-
kota Department of Health: V. Horan, B. Jameson, L. Kightlinger; Tenncssce Department of Health: T. Jones,; D. Kirschke, K. Moore; Tevas Depart-
ment of State Health Services: C. Alaniz, C. Davis, R, Espinoza, V.P. Fonseca, S. Guerra, B. Hannemann, G. Heseltine, R, Jones, C. Morgan,
N. Pascoe, S. Penfield, C. Rohr-Allegrini, T. Shim, ). Taylor, R, Taylor, N. Walea, D. Zane; US Air Force School of Acrospace Medicine: LE.
Sinclair, M.}. Shim, P.M, Lucas, T.E. Gibbons; Utah Department of Health: T, Garrett, R. Herlihy, R. Rolfs; Vermont Départment of Health: M.
Celori, P. Kelso, S. Schoenfeld; Virginia Department of Health: D. Helentjaris, J.L. Pearson, K. Remley; Wastiington State Department gf Health:
R. Gautom, M. Goldof, A. Marfin; Wisconsin Department of Health Services: J. Davis, S. Foldy, R. Heffernan; Wyoming Department of Health: A,
Erickson, R. McClinton, C. Van Houten; Ceuters for Disease Control and Prevention: G. Armstrong, A Ades, A. Balish, J. Bames, E, Barzilay,
L. Berman, U Beaw, M. Bell, M. Biggersaaff, D.M. Blau,* C. Braden, L. Brammer, J. Bresee, D. Callahan, L. Chen, N. Cohen, A. Coh,
L. Conklin, N. Cox, J. Cortes, C. Davis, V. Deyde, D. Dee,* M. Desai,* N. Dharan,* R. Donis, S. Doshi,* §. Emery, §. Epperson, D.
Brdman, D.H. Esposito,” B. Fields, A. Fiore, G. Fischer, M. Fisher, M. Fonseca, A. Foust, A, Fowikes, A. Fry, R-M. Gladden,* H. Gould,
D. Gross, A. Guh,* H. Hall, G.S. Han,* B.H. Harcourt, M. Hillman, M. Honein, M. Hughes, I. Hwang, W. Hwang,* D. Iuliano,* M.
Twomota, M.L. Jackson,* J.L. Jacger,* K. Janusz,” V. Jarquin,* D, Jernigan, J. Jernigan, J. Johnson, A. Kailen, J. Katz, K. Katz,* A.A.
Klimov, K. Kniss, L. Kamimoto, C. Kent, P. Kuty, F. Loustalot,* M, Lyncb, T. Maccannella, M. Massoudi, C. McDonald, M. McMorrow,
M. Menon, S. Montiel, M. Moore, O.W. Morgan,* C.L. Mauson,* R, Novak, T. Nguyen, M. Nowell, M. Okomo-Adhiambo, S. Olsen, C.
é'lktilly. O, Oyervides, M.K_ Datel,* S, Parks,* I. Peebles, P. Peters, C. Petrowski, T. Pilishvili, P. Pordell, S. Redd, C. Reed,* M. Reyn-
alds, S.L. Schrag, C. Scott, F. Serdarevic,* W. Sessions, C. Smith, A. Srinivasan, E. Staples, A. Stuart, D. Sugerman,* A. Suryaprasad,*
D. Swerdlow, B. Shu, B.J. §ilk.* J.E. Tate, K. Toews, J.R. Verani, J. Villenueva, R. Wang, S. Wareg];n. A. Williams, P. Weidle, E. Weston,
K.H, Wu, H. Wu,* ], Zipprich: '
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might explain why aboriginals seem to be at greater risk of developing severe disease if they contract swine flu.
He suggested the hypothesis should be studied further.

"It would be a fishing expedition, but obviously worthwhile.” [ think the bottom line is that this is obviously
something that has to be looked into.

And it may have therapeutic implication. ... It could be a marker for women at higher risk if they get infected to
get more severe disease.”

But Dr. Anand Kumar, an intensive care specialist from Winnipeg who treated a lot of severely ill swine flu
patients in the spring and early summer, was not as optimistic.

“The results are just what I'd expect in any group of critically ill," he said by email. Kumar, who is also an
infectious diseases specialist, said it is not uncommon for all antibody levels to drop with critical illness and the
more severe the sickness, the steeper the drop.

But he does think the notion of treating pandemic flu patients with antibodies harvested from other people makes
sense, though he believes the immune globulin should be from people who've recovered from swine flu and have
antibodies specific to the virus.

Grayson admitted they can't say at this point whether there is a cause-and-effect relationship at work here,
meaning low [gG2 levels in the patients predisposed them to suffering from more severe disease once they caught
the virus. ‘

But he doesn't believe the reverse is at play, that the infection caused the low 1gG2 levels.

"We don't think that influenza is causing this deficiency. We think that instead the influenza is picking out those
people who have the deficiency," he said.

The numbers are admittedly small and will require further study, likely in the Northern Hemisphere. Swine flu
rates are dropping in Melbourne, Grayson said.

Still, 16 of 19 severely ill patients had very low [gG2 levels, compared to three of 20 with moderate illness.

The team looked at healthy pregnant women and found that about 60 per cent of them were mildly deficient in
IgG2 levels, which leads them to believe this may be one of the immune system changes that occurs to allow a
pregnant woman to carry a foreign body - a fetus - without rejecting it. But Grayson said the group needs to follow
women after they deliver 1o see if their IgG2 levels rise to normal levels.

Grayson said while the group's work hasn't proven their bypothesis, Northern Hemisphere doctors caring for the
sickest of swine flu patients in the weeks and months to come should consider checking IgG2 levels and using
immune globulin, which is often given to people seriously ill with some bacterial infections.

"In many ways, this is applying a general principle that we apply to bacteria diseases to now say well, 'Gee, we've
made this interesting observation. This might work for influenza," he said.

Follow Canadian Press Medical Writer Helen Branswell's flu updates on Twitter at CP-Branswell

Copyright © 2009 Canadian Press

Copyright © 2009 Yahoo! Canada Co. All Rights Reserved. Privacy Policy - Terms of Service
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Neurologic Complications Associated with
Novel Influenza A (HIN1) Virus Infection in
Children --- Dallas, Texas, May 2009 !

Neurologic complications, including seizures, encephalitis, encephalopathy, Reye syndrome, and
other neurologic disorders, have been described previously in association with respiratory tract
infection with seasonal influenza A or B viruses'(/--2), but not with novel influenza A (HIN1)
virus. On May 28, 2009, the Dallas County Department of Health and Human Services (DCHHS)
notified CDC of four children with neurologxc complications associated with novel influenza A
(HINY) virus infection admitted to hospitals in Dallas County, Texas, during May 18--28. This
report summarizes the clinical characteristics of those four cases. Patients were aged 7--17 years
‘and were admitted with signs of influenza-like illness (ILI) and seizures or altered menta] status.
Three of the four patients had abnormal electroencephalograms (EEGs) In all four patlents novel
influenza A (HIN1) viral RNA was detected in nasopharyngeal specimens but not in
. cerebrospinal fluid (CSF). Antiviral therapy included oseltamivir (four patients) and nmantadme
(three patients). All four patients recovered fully and had no neurologic sequelae at discharge. -
These findings indicate that, as with seasonal influenza, neurologxc complications can occur after -
respiratory tract infection with novel influenza A (HIN1) virus. For.children who have ILI
accompanied by unexplained seizures or mental status changes, clinicians should consider acute
seasonal influenza or novel influenza A (HIN1) virus infection in the differential diagnosis, send
respiratory specimens for appropriate diagnostic testing, and-promptly initiate empirical antiviral
treatment, especially in hospitalized patients. .

Case Identification

Since April 22, DCHHS has reﬁuested all hosﬁitals in Dallas County to report details concerning
patients admitted with novel influenza A (HIN1) virus infection. As of July 20, DCHHS had

~ identified 405 persons with laboratory-confirmed novel influenza A (HIN1) virus infection in the

greater Dallas area, including 44 hospltahzed patients. No deaths had been reported. Of
confirmed novel influenza A (HINT1) virus infections, 83% were in patients aged <18 years.
Among these pediatric cases, 145 children, including 26 who were hospitalized, were identified
through the Children's Medical Center of Dallas (CMCD) laboratory-based surveillance program.
Medical records from admission and discharge for all hospitalized HIN1 patients are routinely
screened by DCHHS epidemiology staff, Characteristics of hospitalized patients are compiled on

. an ongoing basis, with further investigation of cases noted to have unusual features and severe

Jllness

A patient with acute neurologic complications associated with novel influenza A (HINI) virus

. infection was defined as having laboratory-conﬁrmed novel influenza A (HIN1) virus infection

of the respiratory tract associated with seizures, encephalopathy, or encephalitis within 5 days of
ILI symptom onset, without evidence of an alternative etiology. Enicephalopathy was defined as

2009/08/27
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altered mental status lasting 224 hours. Encephalitis was defined as encephalopathy plus two or
more of the following: fever 2100.4°F (=38.0°C), focal neurologic signs, CSF pleocytosis,
EEG indicative of encephalitis, or abnormal neuroimaging indicative of infection or inflammation
(1--2).

During April 22--July 20, seven possible cases of neurologic complications associated with nove]
A (HINT) virus infection were identified. Three cases were excluded because the neurologic
complications were determined to have alternative etiologies (e.g., hypocalcemia and apnea
related to prematurity) or did not meet the case definition (e.g., altered mental status for <24
hours). Of the remaining four cases described in this report, one patient (patient A) was initially
reported by a community hospital in Dallas on May 18. The three other cases were reported by
CMCD to DCHHS during May 23--27. No additional cases had been reported in Dallas County
through July 20.

Nasopharyngeal swab specimens collected from all three patients admitted to CMCD were tested
for influenza A and B antigens by either Directigen EZ Flu A+B rapid enzyme immunoassay
(EIA) (BD [Becton, Dickinson, and Company], Sparks, Maryland), QuickVue Influenza A+B test
(ELA) (Quidel, San Diego, California), or D3 Ultra direct fluorescent assay (Diagnostic Hybrids,
Athens, Ohio). All positive specimens were sent to DCHHS, and novel influenza A (HINI) virus
was identified by real-time reverse transcription--polymerase chain reaction (rRT-PCR) using
CDC-approved primers and probe sets. All CSF samples were tested at CDC using rRT-PCR for
influenza, enteroviruses, parechovirus, adenovirus, and human parainfluenza virus serotype 3.
CSF for patients B and D were tested for additional viruses by a commercial laboratory

(Viracor). *

Case Reports

Patient A. On May 17, a previously healthy black male aged 17 years visited a community N
hospital emergency department after 1 day of fever reaching 102.6°F (39.2°C), cough, headache,
dizziness, and weakness. Influenza A was diagnosed by EIA, and the patient was discharged
home with a prescription for oseltamivir. The patient was admitted the next day to another
community hospital because of increased generalized weakness, disorientation to place, and
markedly slow and intermittent responsiveness to questions. On physical examination, the patient
was noted to be confused and unable to provide history of his own illness. He also was unable.to
lift his arms above his shoulders or stand. He had taken 1 dose of ¢seltamivir the morning of
admission. A computed tomography (CT) head scan revealed pan-sinusitis, and CSF was normal
(Table). The patient received ceftriaxone for 2 days, which was discontinued when CSF bacterial
cultures indicated no growth. He received oseltamivir throughout his hospital admission. His
mental status returned to normal on day three. He was discharged on day four with no apparent
sequelae and completed a S-day total course of oseltamivir.

Patient B. On May 23, a previously healthy Hispanic male aged 10 years was taken to a Dallas
community hospital via emergency medical services after a 3-minute generalized tonic-clonic
seizure and subsequent postictal mental state, The seizure occurred after 4 days of fever reaching
104.0°F (40.0°C), cough, decreased appetite, and fatigue. His family reported that the patient had
contact with another child with ILI symptoms before the patient's illness onset, Upon initial
evaluation in the emergency department, the patient was afebrile. A chest radiograph revealed a
left lower lobe infiltrate, and a CT head scan was normal except for an incidentally noted single
punctuate calcification in left frontal cortex. Influenza A was detected in a nasopharyngeal swab
specimen by EIA. Three hours later, the patient had a second 3-minute generalized seizure.
Intravenous (IV) lorazepam and ceftriaxone were administered, and the patient was transferred to
a CMCD intensive-care unit,

On admission to CMCD, the patient was febrile, confused, and drowsy. He had difficulty

http://www.cdec.gov/mmwr/preview/mmwrhtmi/mm5828a2.htm : 2009/08/27
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answering questions and made frequent inappropriate attempts to get out of bed. CSF analysis
was normal. He was administered IV fosphenytoin to prevent additional seizures, vancomycin
and cefiriaxone for empirical treatment of bacterial pneumonia, supplemental oxygen via bilevel
positive airway pressure for oxygen saturations <92%, and anticonvulsants, Over the ensuing 2
days, he had intermittent fevers reaching 102.0°F (38.9°C). On hospital day four, he had a
prolonged partial complex seizure with focal onset (eye deviation to the right) and secondary
generalization, lasting 30--40 minutes, which eventually was controlled by 4 doses of IV .
lorazepam and a bolus of IV fosphenytoin. Oseltamivir and rimantadine were initiated. Brain
magnetic resonance imaging (MRI) with magnetic resonance angiography was normal, and an
EEG was consistent with encephalopathy (Table). His mental status returned slowly to baseline
by hospital day seven, when he was discharged without apparent sequelae to continue
levetiracetam, amoxicillin, and clindamycin, and complete a 5-day course of oseltamivir.

Patient C. On May 26, a white male aged 7 years with a history of a simple febrile seizure 1 year
previously was taken to a-BDallas community hospital via emergency medical services after a
seizure and 2 days of cough, nasal congestion, and fatigue. On the day of admission, he had been
found at home on the floor, with tonic movements of his upper and lower extremities lasting at
least 2 minutes. On admission to the community hospital, he was noted to have postictal
drowsiness and a temperature of 100.8°F (38.2°C). A diagnosis of influenza A was made by EIA.
Blood tests, CSF, and a CT head scan were normal (Table).

The patient was transferred the same day to CMCD, where he exhibited normal mental status and
no fever or seizures. A brain MRI showed nonspecific white matter abnormalities not
characteristic of infection or inflammation. Localized cerebral dysfunction was evident on EEG
(Table). Oseltamivir and rimantadine were started on hospital day one, and the patient was
discharged on hospital day three without any neurologic sequelae, to complete a 5-day course of
both antivirals and to continue levetiracetam until reassessment by neurologists in 3 months.

Patient D. On May 27, a black male aged 11 years with a history of asthma was taken to CMCD
because of 1 day of fever and vomiting. A household contact, his grandmother, had an upper
respiratory infection 3 days before his illness. One day before admission, he had a fever of 102.0°
F (38.9°C), fatigue, headache, abdominal pain, and vomiting, and was given bismuth
subsalicylate twice and one 81 mg aspirin. At CMCD, he was febrile. Neurologic examination
revealed ataxia. Soon after admission, the patient had a seizure consisting of episodic eye rolling
and tongue thrusting. An EIA test for influenza A was positive, and oseltamivir, imantadine,
cefotaxime, and acyclovir were initiated. )

During the first 2 hospital days, the patient was disoriented, had visual hallucinations, had
difficulty responding to questions and following commands, had slow speech, and required
supplemental oxygen via facemask for mild hypoxia and hypopnea attributed to decreased
respiratory drive associated with encephalopathy. Chest radiograph was normal. An EEG was
consistent with encephalopathy, and a CT head scan was normal (Table). The patient's mental
status retumned to normal by hospital day four. He completed a 5-day course of oseltamivir.

Reported by: AS Evans, MD, S Agadi, MD, JD Siegel, MD, Univ. of Texas Southwestern Medical
Center; WM Chung, MD, JT Carlo, MD, Dallas County Health and Human Sves, Dallas, Texas.
TM Uyeki, MD, J Sejvar, MD, S Lindstrom, PhD, D Erdman, DrPH, § Oberste, PhD, National
Center for Immunization and Respiratory Diseases; SJ Olsen, PhD, Div of Emerging Infections
and Surveillance Svcs, National Center for Preparedness, Detection, and Control of Infectious
Diseases; F Dawood, MD, OW Morgan, PhD, EIS officers, CDC.

Editorial Note: Infection with seasonal influenza virus can be associated with neurologic
complications (/—2), but the frequency with which these occur with novel influenza A (HIN1)
virus infection is unknown. This is the first report describing patients with neurologic

http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5828a2.htm 2009/ 08/ 27
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complications associated with novel influenza A (HIN1) virus infection. The severity of the
neurologic disease in the four patients described in this report was less than the typical disease
described in two studies of neurologic complications associated with seasonal influenza (1--2),
which included reports of severe static encephalopathy and death. Only two of the four patients
described in this report had seizures, and none died or had neurologic sequelae at discharge.
Considering that clusters of influenza-associated encephalopathy in children have been reported
during previous community outbreaks of seasonal influenza (/--2) and that children appear to be
infected with novel influenza A (HIN1) virus more frequently than adults (3), additional
neurologic complications in children are likely to be reported as the pandemic continues.
Clinicians should consider influenza associated encephalopathy in the differential diagnosis of -
children with ILI and seizures or mental status changes, and remain aware of the potential for
severe neurologic sequelae associated with seasonal or novel influenza A (HIN1) virus infection.
Neurologic complications in children associated with seasonal influenza have included acute
cognitive and behavioral problems, focal neurologic deficits, and death from neurologic
complications (4). Influenza-associated neurologic complications are estimated to account for up
to 5% of cases of acute childhood encephalitis or encephalopathy (4) and were reported in 6% of
influenza-associated deaths among children during one influenza season (2003--04) in the United
States (5). The epidemiology of influenza-associated encephalopathy has been described
extensively in Japan, where incidence has appeared to be higher than in other countries (/). In
Japan, approximately 80% of influenza-associated encephalopathy cases occur in children aged
<§ years (/,6), and neurologic signs typically develop within 1--2 days of influenza symptom
onset (I,6). Manifestations have included seizures, altered consciousness, incoherence, irritability,
and psychotic behaviors (/,6). Outcomes reported in one case-series from Japan ranged from
complete resolution {in nearly 50% of cases), to mild (20%) or severe neurologic sequelae (10%),
to death (20%) (6).

Neuroimaging results in influenza-associated encephalopathy might be normal, but in severe

cases, abnormalities can include diffuse cerebral edema and bilateral thalamic lesions. EEG might
show diffuse abnormalities (/,2,4). Only rarely is influenza virus detected in CSF, suggesting that
neurologic manifestations might be an indirect effect of influenza respiratory tract infection (2,7).

For patients with respiratory illness and neurologic signs, diagnostic testing for possible etiologic
pathogens associated with neurologic disease, including influenza viruses, is recommended (8).
Health-care providers also should consider a diagnosis of Reye syndrome in patients with viral
illness and altered mental status. Although one of the patients described in this report, patient D,
received a salicylate-containing product and aspirin, no evidence of Reye syndrome was
observed. Salicylates and salicylate-containing products should not be administered to children
with influenza or.other viral infections because of the increased risk for developing Reye
syndrome (9).

Antiviral treatment should be initiated as soon as possible for any hospitalized patient with
neurologic symptoms and suspected seasonal influenza or novel influenza A (HIN1) virus
infection (2).1 Although respiratory specimens should be obtained for appropriate diagnostic
testing before administering antiviral agents, clinicians should not wait for the results before
beginning treatment. Antiviral medications have been shown to decrease the risk for
complications from influenza (10); however, the effectiveness of antiviral treatment to prevent
influenza-associated encephalopathy sequelae is unknown. Clinicians also should send respiratory
specimens for appropriate diagnostic testing. Although no vaccination against novel influenza A
(HIN1) virus is available currently, CDC recommends that all children aged >6 months receive
annual seasonal influenza vaccination to prevent illness and complications from infection with
seasonal influenza virus strains.§ '
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TABLE. Selected characteristics and laboratory, radiologic, and néurodmgnostic results
for four patients with neurologlc complications associated with novel influenza A (HIN1)
virus infection* — Dallas, Texas, May 2009

Characteristic ' Patient A Patient B~ PatientC Patient D -
Age (yrs) 17 10 7 S '
Sex Male Male Male Male
- Black, non- . . White, non- Black, non-
Race/Ethnicity Hispanic Hispanic Hispanic Hispanic
Dates of g e : .
hospitalization May 18--21 May 23--29 May 26--28 May 27--30
- http:/. /wwvv'.cdc.go{/v/ mmwr/ preview/mmwrhtm{érngSZBéZ.htm L R 20'09/08/27 .
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Neurologic .
Lo Seizures
complication(s) Encephalopath . Sei E
cor ggosed phalopathy encephalopathy eizures ncephalopathy
Interval from
iratory il
respiratory illness I 4 2 1

onset to neurologic
symptoms (days)
Fever (maximum
temperature)
Admission laboratory data
Normal (except
initial creatinine

100.8°F (38.2°

102.6°F (39.2°C) 104.0°F (40.0°C) 0

102.0°F (38.9°C)

Normal (except

dium 131

Serum electrolytes, 1.3 mg/dL so
chemistry [normal range Normal mmol/L [normal Normal

for age: 0.3-1.0 range: 134--146

mg/dL]) mmol/L])

AST 41, ALT 27,

Liver function tests 1. AST§ 28, ALTy AST36, ALT 90T O
(UnL) 51,GGT**29  12,GGT29 ~ 2mmoni

mmol/L (repeat
testing normal)

S. epidermidis,

. Micrococcus
Blood bacterial culture ND (contaminants), no No growth No growth
growth x2
Urine bacterial culture ND ND ND No growth

Urine toxicology

Creatine kinase  Urine toxicology screen positive

oy for caffeine,

75 U/L (normal screen positive for s !
Other range: 22--269  benzodiazepines salicylate, a:d )
UL) only acetaminophen,

serum salicylate
level <1 mg/dL,
Cerebrospinal fluid (CSF) analysis

WBCtt (per mm3) 2 (differential 4 (differential

(differential) ND) 2 (65%L 31%M) ND) 4 (95%L 5%M)
RBC§§ (per mm3) 18 0 2 1
Glucose (mg/dL)
(normal range: 50--80 39 63 58 - 65
mg/dL) )
Protein (mg/dL)
(normal range: 10--45 37 50 15 21
mg/dL) :
Bacterial culture No growth No growth No growth No growth
Neurodiagnostic testing '
No intra- .
Single punctuate . .., No intracranial
Computed tomography p arenchyx.na.l calcification in No mtracx"amal abnormality;
abormality; left frontal cortex abnormality sphenoid sinusitis
pan-sinusitis P
Cortical
nonspecific

http://www.cdc.gov/mmwr/preview/mmwrhtmi/mm5828a2 htm . 2009/08/27
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scattered T2
Magnetic resonance No parenchymal hygermtgnse No intracranial
. . ND abnormali foci within the abnormality
maging 0 ity cerebral white
matter
. Midline parietal
Gen;rahzed intermittent Posterior
continuous

polymorphic background
delta slowing, slowing, no
without epileptiform

polymorphic delta
slowing, without

Electroencephalogram ND ?pxlegtogen}c epileptogenic  activity;
ocus; consistent X . . .
. focus; consistent consistent with
with . . .
. with localized mild :
mild/moderate rebral halopath
halopathy cerebral encephalopathy
encep dysfunction .
Viral testing and antiviral therapy
Influenza EIAYY Positive*** Positive Positive Positive
" Influenza DFATtT ND ND ND ‘Positive
CSF influenza rRT- . . . .
_PCRESS Negative Negative Negative Negative
Enteroviruses: . . Enteroviruses: g .
tiv Enteroviruses: negative Enteroviruses:
negauve negative & negative
Parecpovxrus: Parechovirus: Parec'hovuus: Parechovirus:
negative negative negative negative
rRT-PCR
Aden_ovxrus: Adenovirus: Adengvuus: . Adenovirus:
negative .. negative. .
negative negative
HPIV-ST: - gppys. negative HPIV-3: HPIV-3: negaﬁ.ve
negative negative

TABLE. (Continued) Selected characteristics and laboratory, radiologic, and
neurodiagnostic results for four patients with neurologic complications associated with
novel influenza A (HIN1) virus infection — Dallas, Texas, May 2009

Characteristic Patient A Patient B Patient C Patient D
: ' HSVtitt (RT-
PCR: negative

CSF respiratory viral ND

Other testing ND Enterovirus rRT- .

Kk k%
panel (RVP) PCR: negative
CSF RVP: negative
. .. Oseltamivir and Oseltamivir and  Oseltamivir and
Antiviral therapy  Oseltamivir rimantadine rimantadine rimantadine

* A patient with acute neurologic complications associated with novel influenza A (HIN1) virus
infection was defined as having laboratory-confirmed novel influenza A (H1N1) virus infection
of the respiratory tract associated with seizires, encephalopathy, or encephalitis within 5 days of
influenza-like illness symptom onset, without evidence of an alternative etiology.
Encephalopathy was defined as altered mental status lasting 224 hours. Encephalitis was
defined as encephalopathy plus two.or more of the following: fever 2100:4°F (238.0°C), focal

http://www.c de.gov/mmwr/preview/mmwrhtml/mm5828a2.htm 2009/08/27
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. . B . . . . N . . 1600 Clifton Rd, MailStop E-90, Atlanta, GA .
encephalitis, or abnormal neuroimaging indicative of infection or inflammation. 30333, US.A sng
. - Gevwme lody Epny

g . . . . . . . . Morbidity Irl'd Mortality Weekly Repart P
neurologic signs, cerebrospinal fluid pleocytosis, an electroencephalogram indicative of Centers for Disease Control and Preventon SA {
i j NS
" and Human Services

3

t Not done.
§ Aspartate transaminases (normal range: 10--45 U/L). -
1 Alanine aminotransferase (normal range: 10--50 U/L),
** Gamma glutamyltranspeptidase (normal range: 3--30 U/L). v » .
11 White blood cell count.

- §§ Red blood cell count.
1% Enzyme immunoassay. All four patients had nasopharyngéal specimens obtained and tested
for influenza A and B antigen by using Directigen EZ Flu A+B (EIA), QuickVue Influenza A+B
test (ELA), or direct fluorescent assay using D3 Ultra. ’
*** All four patients' nasopharyngeal specimens were confirmed positive for novel influenza A » : .
(HINT1) virus by Dallas County Department of Health and Human Services, using CDC- o . :
approved primers and probes. :
t11 Direct fluorescent assay.
§§§ Real-time reverse--transcription polymerase chain reaction (performed at CDC).
919 Human parainfluenza virus type 3.
*#kx CSF viral PCR testing was performed by Viracor, using the Luminex multiplex respiratory
vira} panel (xTAG), which tests for 10 different viruses (inflienza A and B; parainfluenza 1, 2,

*and 3; respiratory synctial virus A and B; adenovirus; human metapneumovirus; and rhinovirus).

t111 Herpes simplex virus.

'{[Use of rade names and commercial sources is for identification only and does not imply endorsement by the U.S.
Department of Health and Human Services.
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Swine influenza generally does not lead to death, and affected animals usually

five to seven days.

-

e reduced fertility or abortion
Contaminated equipment or other objects-may also play a role in transmitting virus. Influenza

Normally, virus spreads when infected pigs cough or sneeze in close quarters with other pigs.
virus from birds and humans can also infect pigs.

How do pigs become infected?

How can pigs be protected?

‘The following actions can potentially prevent swine influenza:

B
-

What roles do veterinarians and producers play"?"z \

pigs, and farm workers should follow similar advice. Given

e providing adequate ventilation in barns

o identifying and segregating sick animals as early as possible .
the current situation, partlc[llar caution should be exercised with visitors-to farms, especially
those who'may have recently returned from the southern United States or Mexico.

» following strict biosecurity practices

» vaccinatifig animals

. e ensuring farm working maintain good hygiene.
incidence and spread of swine influenza. As.part of this approach, veterinarians suffering from

Veterinarians should work closely-with clients to develop management stratégies to limit the
the “flu” should limit contact with

k3

Does swine influenza affect food safety?
No, swine influenza is not a food safety concern.

For additional information: www.inspection.gc.ca

Date modified: 2009-04-26
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EPIDEMIOLOGY OF INFLUENZA A(HTN1)v VIRUS INFECTION

IN JAPAN, MAY - June 2009

T Shimada {tomoes@nih.go.jp)*, Y Gu?, H Kamiya?, N Komiya?, F Odaira, T Sunagawal, H Takahashi?, T Toyokawa®,

Y Tsuchihashil, Y Yasui!, ¥ Tada?, N Okabe!

1. Infectious Diseases Surveillance Center, National Institute of Infectious Diseases, Tokyo, Japan

Between 9 May and 4 June 2009, a total of 401 laboratory-
confirmed cases of influenza A(HINLN virus were reported in
Japan, from 16 of the 47 Japanese prefectures. The two areas
mast affected were Osaka prefecture and Kobe city where outbreaks
in high schools occurred leading to schosl closures. To date all
cases have had symptoms consistent with seasonal infiueniza and
rio severe or fatal cases have been reported.

Following the emergence of a2 new influenza A(HIN1) virus
{henceforth: influenza A{H1N1)v virus) and the relevant declarations
by the World Health Organization tWHO) [1], the Ministry of Health,
Labour and Welfare (MHLW) of Japan launched a case-based
surveillance for influenza A(H1N1)v virus infection in addition to
the existing sentinel surveillance system for seascnal influenza and
imposed entry screening on travelers from affected areas (Canada,
Mexico and the United States) starting from 28 April 2009 (2].

The following case definitions of suspected and confirmed cases
have been used:

A suspected case of infiuenza A(H1N1)v virus infection is defined
as a person with high fever (>38°C) OR at least two acute respiratory
symptoms (nasal obstruction/rhinorrhea, sore throat, cough, fever/
feverishness) AND who meets at least ane of the following criteria:
a) within the last seven days returned from a country or region with

an epidemic of influenza A(H1IN1)y;

b) was in close contact (within two meters) with a confirmed case
within the past seven days;

) handled samples suspected of containing influenza A(HIN1)v
virus in a laboratory or other setting within the past seven days;

A confirmed case of influenza A(H1N1)v virus infection is defined
as a person with high fever (>38°C) OR at least two acute respiratory
symptoms (nasal obstruction/rhinorrhea, sore throat, cough, fever/
feverishness) AND influenza A(HIN1)v virus infection that has
been laboratory confirmed by real-time PCR and/or viral isolation.

For all travellers from the affected areas who are febrile at
‘the entry, a quarantine officer performs a rapid diagnostic test
for influenza. If the result™of rapid test is positive for influenza
A, a PCR test for influenza A{(H1N1)v is done. The Quarantine
Law and the Pandemic Influenza Preparedness Action Plan of the
Japanese Government request confirmed cases and close contacts
of confirmed cases to be hospitalised/isolated for seven days
considered to be the infectious period [3,4].

e
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The primers for conventional and real-time RT-PCR for %"
detection of A(H1N1)v virus were developed by the Natiofk.,
Institute of Infectious Diseases and became available on 29 April.
All 75 prefectural and municipal public health institutes and
quarantine stations in Japan became ready to perform conventiona!
and real-time RT-PCR test by 4 May. Since the first laboratory-
confirmed cases were reported on'9 May, the number of cases of
influenza A(H1N1)v increased continuously, resulting in a total of
401 laboratory-confirmed cases as of 4 June 2009. This report
summarises the epidemiological characteristics of the confirmed
cases reported in Japan from May to June.

The first four laboratory-confirmed cases of influenza A(H1N1)v
were reported at the Narita International Airport quarantine station
on § May 2009. The patients were travellers who returned from
Canada on 9 May. Although all of them showed mild symptoms,
they were hospitalised in an isolation ward of a designated hospital
for seven days, in accordance with the Quarantine Law and the
Pandemic Influenza Preparedness Action Plan of the Japanese
Government [3,4].

The first 1aboratory-confirmed cases without travel history were,
detected on 16 May as follows:

A high school in Ibaraki city, in Osaka prefecture near the
border with Hyogo prefecture, noticed an increase in the number
of absentees due to influenza-like symptoms in the middie of May
2009. On 16 May the school was closed in conformity with the
School Health Law. [51. According to this law: (enacted in 1958),
influenza-like iliness/seasonal influenza is one the infectious
diseases that can trigger school closure. The number of absentees
that leads to school closure is decided by the school authorities. In
many ¢ases, 5 to 10 absentees in a class may lead to closing the
class; 2-3 closed classes may lead to schoot closure.

None of the sick high school pupils in |baraki had travel history
to the countries affected by the new influenza. On 16 May, five
teenagers were confirmed with influenza A(H1N1)v virus infection:
one from the school in Ibaraki in Osaka prefecture, and four from
Kobe City in the neighbouring Hyogo prefecture, Subsequently,
outbreaks in three schools were reported during the next few days in
these adjacent prefectures. The local governments of Kobe City and
Osaka prefecture implemented extensive school closures, deciding
to close-not only sthools with infected students but all schools.in
both districts, for one to two weeks from 16 May. As a result, over

4,200 schools with around 650,000 children/students were closed.
By 19 May, the number of confirmed cases reported in the two
districts reached 172. However, after school closures, the number
of new confirmed cases decreased (Figure 1). By 4 June a total of
357 cases were reported from the two prefectures.

Outside these two prefectures only sporadic cases were
reported, the majority of whom had a travel history abroad or an
epidemniclogical link to a traveller from affected areas including

FIGURE 1

Confirmed cases of influenza A(HIN1)v virus infection in
Japan, by date of onset and cumulative number as of 4 June
2009 (n=392")

wa No travel history

e C3nada %0
“0 wm China

n Philippines o0
* =Us. 150

~w- Cumulative
number of cases

* Nine cases withgut the record of onset of {liness were excluded

FIGURE 2

Geagraphical distribution of confirmed cases of influenza
A(HINI)v virus infection in Japan as of 4 June 2009 (n=401)
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Osaka (Figure 2). In all, confirmed cases were reported from 16 of
the total of 47 Japanese prefectures.

Reflecting the outbreaks in high schools described above,
confirmed cases in the age group of 15-19 years accounted for
64% (256) of all cases, fotlowed by 10% (40) of cases in the age
group of 10-14 years. Only four cases (1%) were over 60 years of
age (Figure 3). Overall, the median age of cases was 16.0 {range
1-69 years). Male cases accounted for 63% (254) and female
cases for 37% (147) of all cases. Large outbreaks observed in high
schools may have contributed to the difference in gender (as more
boys than girls attend the affected schools).

Information on clinical symptoms was available for 217
confirmed cases (Figure 4). The most frequent were fever (206,
95%), cough (128, 59%), 8nd sore throat (85, 39%). Thirteen
cases (6%) reported diarrhoea and five cases (2%) had nausea,

FIGURE 3

Age distribution of confirmed cases of influenza A (HINI)v
virus infection in Japan as of 4 June 2009 {n=401) .
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FIGURE 4

Clinical symptoms of confirmed cases of influenza AHINDY
virus infection in Japan as of 4 June 2009 (n=217) :
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Antiviral treatment of either oseltamivir or zanamivir was prescribed
to about 90% of the 217 confirmed cases with known clinical
symptoms.

No cases with pneumonia and/or respiratory failure, requiring

_ ventilatory support, were reported. Other severe symptoms such as

multiple organ failure were nat reported either. Only three cases
required hospitalisation due to underlying medical conditions,
although a total of 135 cases were hospitalised for the purpose of
isolation based on the Quarantine Law and the Pandemic Influenza
Preparedness Action Plan of the Japanese Government {3,4].

Among the confirmed cases, six (including two cases aged over
60 years) had underlying diseases: asthma (3), asbestosis (1),
epilepsia (1), myodystrophia (1); and one case was pregnant. As of
4 June 2009, no severe or fatal case had been reported.

The epidemiological characteristics of the patients with influenza
A(H1N1)v virus infection have been reported by the investigation
teams including members of IDSC/NIID and local government, who
conclude that the severity of disease is similar to that of seasonal
influenza [6,7].

The next steps include addressing the questions of how to
improve the surveillance system to detect, monitor, and control
the cases of influenza A (H1N1)v and how to prepare for the more
severe cases as the epidemic is expected to expand in the winter
season. We need to decide when the case-based surveillance
for influenza A(H1N1)v should be ceased and integrated into
the sentinel surveillance of seasonal influenza. To evaiuate the
pathogenicity,- planned surveillance systems, such as severe
pneumonia surveillance and 1LI cluster surveillance, should be
Jaunched before the coming winter season. The Pandemic Influenza
Preparedness Action Plan of the Japanese Government also needs
to be amended so that medical resources would not be wasted by
the patients with mild symptoms merely for-the purpose of isolation.

We thank Dr Yamashita, Or Morikane, Or Shigematsu, Or Taya, Dr Yahata,
Ms Otake and Ms Maeda for their review and support.

References

1. World Health Organization (WHO). Swine influenza - Statement by WHO Director-
General, Or Margaret Chan, 27 April 2009, Available from: http:/fwww.wha.int/
mediacentre/news/statements/2009/h1n1_20090427/entindex.hitmt

2. Ministry of Health, Labour, and Welfare (MHLW) of Japan. Official.notification
[in Japanese). 29 April 2009, Avaflable from: http:/iwww.mhlw.go.Jp/kinkyu/
kenkouﬂnﬂuenza/ogph29~02.htm1

3. Ministry of Health, Labour, and Welfare {MHL¥} of Japan. Officiat notfication
about amendment of the Quarantine Law [in Japanese]. 12 May 2008. Availabte
from: htpi/iwww.mhlw.go.j wya/kenk 4/pdf/16-04.
pdf

4, Ministry of Health, Labour, and Welfare {MHLW} of Japan. Pandermic Influenza

7. Infectious Disease Surveillance Center (IDSCYNational Institute of Infectious
QOiseases (NI1D), Osaka Prefecture and Public Health Center of 0saka Prefecture.
Interim report on two clusters of the novel influenza A {#1N1) infection in
Osaka Prefecture. 19-May 2009. Available from: http:/fidsc.nih.go.jp/disease/
swine_influenza_efidsc_e2009/ctinical_epi_kobe.html

This article was published o 16 June 2009.

Citation style for this article: Shimada T, Gu Y, I’.amiiva H, Komiya N, Odaira F, Sunagawa 1,
Takahashi H, Toyokawa T, Tsuchthashi ¥, Yasui 1, Tada ¥, Okabe N. Epidemiolog of influenzy
AHIN1 }v virus infection in Japan, fay - June 2003, Euro Surveill. 2009:1‘6(%& kptis19244,
Avgilable online: http:ifwww.eurnsurvefllance.org/viewArticle.aspx?Articleld=19244

Preparedness Action Plan of the Japanese Government. October 2007, Avaflable ~

from: http:fiwww.mhlw.go.jplenglishitopicstinfluenza/dUpandemico2.pdf

5. Ministry of Education, Culture, Sports, Science and Technology (MEXT) of Japan.
-Schoot Health Law {in Japanese]}.13 June 1958 (amended on'31 March 2008)
Available from: nttp:/flaw.e-gov.go.jp/htmldata/s33/$33F03501000018.html

6. Infectious Disease Survefllance Center (IDSCYNationgl Institute of Infectious
Diseases (NIID). Kobe Institute of Health. Interim report on clinicat
presentation of the novel influenza A (RIN1) cases reported from Kobe City.
,21 May 2008. Available from: http:// oih.go.Jp fine_1 el
1dsc_ezooslchn#cal_em’_usakaz.html s

153
fo 4

[

AER 3-4

EX&

ARERRCEE 2-1

RESEE

BRHEE

BRI &

e &

Lo Ng S o N OO
L | ZE%EE fgfis
Q¥ T2 9 Bo2da
gﬂ‘ -§§?12H| 58527
ol 23852 g38 Y5
B whle 24583 cLhes=
B a3 :t’gaﬁm' R
= 8T fzgsw -
> Sslg 5850 fEgE2
& avE $5Efsr 33gdEs
@ Bz SS88o® z5RgOF
2HYV =
. S O ;
n B m € E %
GJ’E ¥ 'ﬁ—g% i
b 2=N o
o2 am Wl N
& i 2% W
W wo BB VA
Jr= EZZ o %-@!—'m L ®|
58 BN &
e N - By 44108
Te3EE WaE B
o -~
SRBgE loEuY g
§°a a9 |V e.;‘;é Yo W
MEFEREI W g |oF
aels£88Z [ROYTE Rlge x
o5 B S PEaK Sles
Kmuooo_] I}é&fa# ﬂmﬁ
ﬁt\.ﬂ ESEE Ny S 4"&!’&;
|’H¥§§.<‘%‘°o‘lm' ﬂgy:’ ‘ 83
ko ESEE [Begb S
IEXT & um?ﬁ’_) g&;ﬁj,&
SIEEETE [EonH S8
E2Tga |[BFEnM A
EEBZ Mk
N S¥E
® 34""%5 o E
w R SN QE B uE
o # 3“23(@ P S
4 = S RN Fp
& [~ .E\ﬁ‘.‘)é * T
4 e(%23 RaE
¥ % e Ry T
B Bl & SHEL Y oK
PNy SERVIEE
Bk yE E.,o*’l‘g;g@ R
%Wq_—é& Ep'f-ﬂ-luﬁ-—).
MER P RRECE
g Mg o N~ 8@, P
WY AR H v oiﬂg_bﬂﬁj
rIRE TmER\TH
R NESRY 5
‘e 1 'H"'W H\J
~ g aP ’\b faIRN S
JNELQ I N
Mg il NI 1
0RO\ P ClEBRINNE
Y g LALRLETNL - E:
N digm\ DS
LD Rk ahg HIWRF 5
SN N ® uﬁﬁi;{ ,lﬂ}(“)
P SenlcueE
NEa 'En)»\",gllw
B ~ HEER E,VQ&“W
&= o D S w#ﬁ' .,g#?'“
f1 | & #® InC S ENES R
®¥ W NEum pEagRLe
> E, ~ \'%1’0” 'Q*K:E .:K
o o VS S g
w7 | 8 |Esdl Bgias 8
& ’ - BRIV D
E ] RSB cx 8oy
e b 3

DEFICBHL TOHTONEER-TLBHLEXLND,




). P1001_BACK_PACE.F2400_F 100t _PUR_MALL [:1010,78150

Archive Number 20090630.2359
Published Date 30-JUN-2009
Subject PRO/AH/EDR> A (HINT) - (78): Tamiflu oK
1 - .
Announcements STIRIL LN Lo on 1) TRALELD mesistancs, pemank
Recalls/hlerts i\ ProMED-nail post :
-Calendar of Events ProMED-matl Is a program of the
- International Society for Infectious Diseases
Maps of Qutbreaks <http;://www.isid,org> .
Submit Info Date: Mon 29 Jun 2009 :
Source: BBC News [ edited)
FAQs <btipi//news.bbc.co,uk/l/hi/heal 7. 3tm>
Who's Who
Awards ::;:::Is have reported the lst case of swine flu that is resistant to
flu {oseltamivir), the maln drug being used to fight the pandemic.
Citing ProMED-mail Roche Holding AG confirmed a patient with HIN1 1n£1uezxa in D:nma::\i:howed
Oots resistance to the antiviral drug. David Reddy, company executive, said it
t was not unexpected glven that common seasonal flu could do the same.
Odkatians The news comes as a 9 year old girl has become the Jrd to die {n the UK
Abott ProMED-mall with swine flu. It {s understood from her doctors at Birmingham Children's
flospital that she had undérlying health conditions. It is not yet known
whether swine flu contributed to her death.
Meanwhile, the Department of Health has announced a big jump in the number
of patlents in England confirmed with swine flu, up 1604 since Friday (26
Jun 2009], taking the UK total o far to 5937. A Health Protection Agency
spokeswoman stated that: "Routine sampling in the UK has shown that there
i3 currently no resistance to oseltamivir or zanamivir.* Experts have been
using Tamiflu, also.known as oseltamivir, in a bid to stop the KiNl
spreading in communities. If: taken sacly, it ensures that symptoms are mild
and reduces the chance of a victim giving the illness to someone else.
This 1st reported case of resistance developed in a swine flu patient
faking Tamiflu. Mr Reddy stressed that there were no signs of a
Tamiflu-resistant strain of HINI circulating in the community. This is {n :
contrast to seasonal HIN1 flu, where a Tamliflu resistant strain emerged
last year [ 2009] and 1s now widely Girculating. Experts fear if this were
to happen, it could render Tamiflu ineffective [ in treatment of the swine
£1u-HIN1 vizus infection]:
Another antiviral drug, called zapamivir or Relenza, made by
- GlaxeSmithKline, is also effective against swine flu. The UK government has
been stockpiling these antiviral drugs and currently has enough to treat
half of ‘the papulation, with a contract to bring that up to 80 per cent as
300n as poasible. Siupplies of flu vaccine have also been ordered, and the
1st doses could be administered in the autumn [ 2009] .
A spokeswoman for the Health Protection Agency sald: "The Health Protection
Agency continues to watch for antiviral resistance and will be earrcying out
reqular samplé testing throughout this outbreak. We have been monitoring
. antiviral drug resistance since the beginning of this outbreak. Routine .
sampling in the UK has shown that there is currently no-resistance to :
oseltandvir or zanamivir." Virologist Professor Juhn Oxford said: "I'm not
et 16152 PION1 RACK PACRE2400 F10A1 BIR LI I (1107816 11/ 3annma 1a 10.4m.mm
wig/ P 1001 RBACK_? 1 P1001_FUB_MAL [1:1010.78150
surprised about this finding. The question is whether it is going to
spread. We will soon know the answer." -
communicated by:
' il.ore
{ According to the Eurcpean Influenza Surveillance Scheme Weekly Electronic
Bulletin of 26 Jun 2009 (<htip;//wew.euxoflu.oxa/>), all but one pandemic A(HIN1) viruses tested
have been. sensitive to oseltamivir-and zanamivir but resistant to M2 inhibitors, although
widespread {98 per cent} Tamiflu
resistance has been observed in seasonal A{HINl1) viruses. [ see posting Influenza A {HIN1] -
worldwide (B3): antiviral resistance 20090705.2417] The emergence of Tamiflu-resistant 209 swine-
origin A HINI influenza virus is not unexpected in view of the widespread and somewhat
indiscriminate use of the drug in the treatment of what ts still a reldtively mild disease. It
remains to be seen whether the Tamiflu-resistant virus will aspread in Europe and beyond and
appeat : ’
i ly el . It is that the Tamiflu-resistant virus
isdlated in Denmark remains sensitive to the altarnate neuraminidase
inhibiter Relenza. ~ Mod.CF) X
{ sea also: ) .
Influénza A (HIN1} - worldwide {77): case count 20090627.2338 4
Influenza A (HIN1) - worldwide {76]: comments on 1918 virus (03) 20090625.2309
Influenza A {HIN1} - worldwide (74): susp. origin 20090624,2303
Influenza'A {HINL] - worldwide (73): case count, epidemiology 20090622.2266
Influenza A (HIN1) - worldwide (72): case count, epidemtology 20090619,3261
Influenza A (#1N1} - worldwide (70): risk factors 20090619.226Q
Influenza A (HIN1) - worldwide (69): other viral infections 20090618.2254
Influenza A (HIN1} - worldwide (68): southern hemisphere. 20090618,2253
Influenza A (HIN1} - worldwide {65): antivirals in pregnancy 20090616,2224
[gali8 . Influenza A (HIN1) - worldwide (64): case count, pandemic 20090616.2221
w Influenza A (RIN1] - worldwide (62): Egypt, Lebanon 20090611;2150
a Influenza A (HIN1) - worldwide (62): Egypt, Lebanon 20090611.2150
Influenza A (HIN1) - worldwide {60): Egypt (Cairo) 20090608,2117
Influenza A (HIN1) - worldwide (59): Woxldwide z@mzui
Infiuenza A {E1N1) - worldwide (58): USA, Africa 20090607,2109
Influenza R {HIN1) - worldwide (571: Brazil, USA 20090605.2090
Influenza A (HIN1) - worldwide (55} 20090603,2056
Influenza A (HIK1) - worldwide (47]: China, epidemiology 20090526,1962
Influenza A (HIN1) - worldwide (45} 20090525.1951
Influenza A (HIN1} - worldwide (42] 20090523,1929 .
Influenza A {HIN1} - worldwide (39} 20090521.1903
Influenza A {EIN1} - worldwide (37} 20090520.1893
Inflienza A (HIN1) - worldwide (34) 90518
Influenza R (HIN1) - worldwide (31} 20090516,1835
Influenza A (HIN1] - worldwide (29) 20090515,1824
. Influenza A (HIN1) - worldwide (26) 20Q90514,1798 . ‘
Influenza A (HINi] - woridwide (23) 20090511.1764 i
. Influenza A (HIN1) - worldwide (21} 20090510.374% .
. Influenza A (HIN1) - worldwide (19) 20090509.1733 -
Influenza A (BIN1) - worldwide (17) 20090508.1722
Influenza (HIN1) - worldwide (15} 20090507.1709
Influenza A {HIN1) ~ worldwide (13) 20090506.1635
Influenza A (HIN1) - worldwide (11): coincident HIN2 variation 20090505,1679
Influenza A (KIN1) - worldwide (09) 20090504.1673
N - Influenza A {HIN1) - worldwide (07) 20090503.3656 .
- Influenza A (HIN1) ~ worldwide (05} 20090503.16%1
Influenza A (HIN1} - worldwide (03) 20090501,1646
Influenza A (HIN1) - worldwide (02): case counts 200304301638
Influenza A (HIN1) - worldwide 20090430.1636 A
A
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Influenza A (HIN1} “awine fia": worldwide [ 20090428.1601
Influenza A {RIN1} "swine flu": woridwide (03} 20030428,160¢"
Influenza A (HIN1) "swine flu®: Worldwide {02) 20090427.1586
Influenza A (HINL) "swine flu": Worldwide 20090427,1583
Influenza A (#1N1) virus, human: worldwide 20090426.1571
Influenza A

Influenza A

Influenza A

Influenza A

Influenza A (HIN1} virus, human - N America 20090425,1352
Acute respiratory disease - Mexico, awine virus susp

200904241546
Influenza A (EIN1) virus, swine, human - USA {02): (CA, TK) 20090424.1541

Infiuenza A {HIN1) virus, swine, human ~ USA: {CA}
Influenza A (HIN1} virus, swine, human ~ Spain 20090220.0715)
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WHQO | World now at the start of 2008 influenza pandemic
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Home Media centre : )

About WHO e WHO > Programmes and projects > Media centre > Statements 2009 e
Countries @ printable version n
Health topics Statement to the press by WHO Director-General Dr Margaret Chan - ~)

11 June 2009 -

Publications

Data and statistics . World now at the start of 2009 influenza pandemic
Programmes and ST

projects- - Dr Margaret Chan
‘Media centre ». Director-General of the World Health Organization
News Ladies and gentlemen,
. . - .
-.Events pen
5 In late April, WHO announced the emergence of a novel influenza A virus.
Fact sheets ST -
Multlm’edia oo This particular HIN1 strain has not circulated previously in humans. The virus is entirely new. -

- b
The virus Is contagious, spreading easily from one person to another, and from one country to anot

L
' Contacts .
B As of today, nearly 30,000 confirmed cases have been reported in 74 countries,

This is only part of the picture. With few exceptions, countries wit!t large numbers of cases are thos
with good surveillance and testing procedures in place. )

Spread In several countries can no longer be traced to clearly-defined chains of human-to-human
transmission. Further spread is considered inevitable. c K

I have conferred with feading influenza experts, virologists, and public health officials. In line with -
procedures set out in the International Health Regulations, I have sought guidance and advice from
Emergency Committee established for this purpose. [

On the basis of available evidence, and these expert assessments of the evidence, the scientific crit:
for an influenza pandemic have been met. . )

I have therefore decided to raise the level of influenza pandemic alert from phase 5 to phase 6. -
The world is now at the start of the 2009 influenza pandemic.
We are in the earliest days of the pandemic. The virus is spreading under a close and careful watch.

No previous pandemic has been detected so early or watched so closely, in real-time, right at the ve
beginning. The world can now reap the benefits of Investments, over the last five years, in pandemic
preparedness. . . : .

We have a head start. This places us in a strong position. But it also creates a demand for advice an
reassurance in the midst of limited data and considerable sclentific uncertainty.

Thanks to close monitoring, thorough investlgations,'and frank reporting from countries, we have so
early snapshots depicting spread of the virus and the range of illness it can cause. ’

We know, too, that this early, patchy picture can change very quickly. The virus writes the fqles and
one, like all influenza viruses, can change the rules, without rhyme or reason, at any time,

Globally, we have good reason to believe that this pandemic, at least in its early days, will be of
moderate severity. As we know from experience, severity can vary, depending on many factors, from
one country to another. '

On present evidence, the overwhelming majority of patients experlence mild symptoms and make a
rapid and full recovery, often in the absence of any form of medical treatment.

160

LU J—— 2 AMadat —_J . L. ;m AARARRs e m s e feeemamemny e, .




WHO { World now at the start of 2009 influenza pandemic: WHO { World now at the start of 2009 influenza pandemic
' —Worldwide, the number of deaths is small. Each and every one of these deaths is tragic, and we have te '
brace ourselves to see more. However, we do not expect to-see a “sudden and dramatlc jump in‘the

number of severe or fatal infections.

— We are all in this together, and we will ail get through this, together.

Thank you.

We know that the novel H1N1 virus preferentially infects youngef peopl'e._:ln neaﬂy all areas with large

and sustained outbreaks, the majority of cases have occurred in people underthe age of 25 years. ’ v

In some of these countries, around 2% of cases have developed severe iliness, often with very rapid :
progression to life-threatening pneumonia. Contacts | E-mail scams | Employment | FAQs | Feedback | Privacy | RSS feeds
© WHO 2009 |

Most cases of severe and fatal infections have been in adults between the ages of 30 and 50 years.

This pattern is significantly different from that seen durmg epldem\cioLseasonal influenza, when most
deaths occur in frail elderly people. -

Many, though not all, severe cases have occurred in people with underlying chronic conditions. Based o

limited, preliminary data, conditions most frequently seen include respiratory diseases, notably asthma,

cardiovascular disease, diabetes, autoimmune disorders, and obesity.

AEthe same time, it is important to note that around one third to half of the severe and fatal infections -~

are gccurring in previously healthy young and middle-aged peopie.

Without question, pregnant women are at increased risk of complications. This heightened risk takes or

added importance for a virus, like this one, that preferentially infects younger age groups. , -
N o . ) .

-

Finally, and perhaps of greatest concern, we do not know how Ef\is virus will behave under cdnditions . E N ’ -
typicaily found in the developing world. To date, the vast majority of cases have been detected and ' :
investigated in comparatively well-off countries.

Let me underscore two of many reasons for this concern. First, more than 99% of maternal deatbs, .
which are a marker of poor quality care during pregnancy and childbirth, occurs in the developing world : ' .

Second, around 85% of the burden of chronic diseases is concentrated in low- and middle-income
countries.

Although the pandemic appears to have moderate severity in comparatively well-off covuntries, itis
prudent to anticipate a bleaker picture as the virus spreads to areas with limited resources, poor health
care, and a high prevalence of underlying medical problems.

Ladies and gentlemen,

A characteristic feature of pandemics is their rapid spread to all parts of the world. In the previous
century, this spread has typically taken around 6 to 9 months, even dunng times when most
international travel was by ship or rall.

Countries should prepare to see cases, or the further spread of cases, in the near future. Countries
where outbreaks appear to have peaked should prepare for a second wave of infection.

vagss s L rEe Guidance on specific protective and precautionary measures has been sent to ministries of health in all
countries, Countries with no or only a few cases should remain vigilant..

Countries with widespread transmission should focus on the appropriate management of patients, The.
¢ testing and investigation of patients should be limited, as such measures are resource lntenslve and cal
very quxckly strain capacities.

WHO has been in close dialogue with influenza vaccine manufacturers. I ynderstand that produk;tion of
vaccines for seasonal influenza will be completed soon, and that full capacity will be available to ensure
the largest possible supply of pandemic vaccine in the months to come. .

Pending the avallabmty of vaccines, several non-pharmaceutical interventions can confer some
protection. .

1
WHO continues to recommend no restrictions on travel and no border closures.

Influenza pandemics, whether moderate or severe, are remarkable events because of the almost’ o I o n ' ’ R e
universal susceptibility of the world’s population to infect:ion . : . :
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r" £3¢ 4 Centers for Disease Control and Prevention

Your Onfire Scascs for Creditde Healih infermation

Outbreak Notice

Chikungunya Fever in Asia
This information is current as of today, August 17, 2009 at 00:28 EDT

Updated: July 28, 2009

Situation Information

Since January 2009, a growing number of cases of chikungunya fever has been reported in parts of Asia, including
Thaitand, Malaysia, and India. Chikungunya fever is a disease caused by a virus that is spread to people through the bite of
infected mosquitoes. Symptoms can include sudden fever, joint pain with or without swelling, chills, headache, nausea,
vomiting, lower back pain, and a rash. Chikungunya mainly sccurs in areas of Africa and Asia. In 2007, limited transmission

of Chikungunya virus occurred in |taly (Aravel/destinations/taly.aspx .

Thailand

As of July 22, 2009, a large outbreak of chikungunya fever has affected the southern region of Thailand (Aravel/destinations
[Thailand.aspx) including some tourist destinations, such as Phuket. According to the Ministry of Public Health in Thailand,
over 34,200 cases have been documented this year in 50 provinces, with no deaths reported. The most affected areas are

the southern provinces of Songula, Narathiwat, Pattani, and Yala.

Recent reports show that Chikungunya virus has now from the southern provinces to all other regions of the country.

Malaysia

As of July 18, 2009, the Ministry of Health in veldestinati laysia has reported over 2,900 cases of
chikungunya fever. The most affected areas are the northern provinces of Kedah, followed by Sefangor, Kelantan, Perak

and Sarawak.

India
As of April 29, 2009, the Directorate of National Vector Borne Disease Control Programme in |ndia.(Aravetdestinations /\%
fndia.aspx) has reported over 2,700 suspected cases of chikungunya fever, with no deaths reported. The most affected S

areas are the Karnataka, followed by Andhra, Goa, and Kerala states.

In response to the growing number of reports, other countries in Asia have increased surveiliance for chikungunya fever.

Advice for Travelers

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

« The best way to avoid Chikungunya fever is to avoid mosquito bites. When outdoors during the day and at night,
use {nsect repeilent (htp/iwww cdc govincidod/dvbidiwestnile/qafinsect repellent tm#proper) on exposed skin. ’ N
o Look for a repellent that contains one of the following active ingredients: DEET, picaridin (KBR 3023), Oil of
Lemon Eucalyptus/PMD, or IR3535. Aways follow the instructions on the fabel when you use the repellent.
o In general, repellents protect longer against mosquito bites when they have a higher concentration (%) of-
any of these active ingredients, However, concentrations above 50% do not offer a distinct increase in
protection time. Products with less than 10% of an active ingrediept may offer only limited protection, often
from 1-2 hours. . -

o The American Academy of Pediatrics (travel
HNorward.a sg)m=aHROcDovL3d3déhYXAub3JnL3B1 YmxpY2VkLOJSX1 JicGVsbGVudHMua HR-QBZivS gqiw%3d) »

approves the use of repellents with up to 30% DEET on children over 2 months of‘ag?. /
167 ’

CIUKUNEWILYE FEVEL GIU LILELIGUUIGE 131GV | Wi/ 18GY LM 5 btitit dietper g e

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

For more travel health information, see the destinations (traveldestinationsfistaspx) section and séa_rch for the country you are
planning to visit. ; .

More Information

The incubation period for chikungunya {time from infection to illness) can be 2-12 days, but is usually 3-7 days.
Chikungunya fever typically lasts a few days to 2 weeks, but some patients feel fatigue lasting several weeks. Most patients
have reported severe joint pain or arthritis, which may last for weeks or months. The symptoms are similar to those of '
dengue fever, but, uniike dengue, people who have chikungunya fever do not usually expetience hemorrhage (bleeding) or
go into shock. People with chikungunya fever generally get better on their own and rarely die from the disease.

There is no specific drug treatment for chikungunya fever, and medical care is usually focused on treating the symptoms of
the disease. Bed rest, fiuids, and mild pain medications such as ibuprofen, naproxen, or acetaminophen (paracetamol) may
relieve symptoms of fever and aching, provided there are no medical contraindications for using these medications. Most
people are not sick enough to need to stay in the hospital. Alf people who become.sick with chikungunya fever should be
protected against additional mosquito bites to reduce the risk of further transmission of the virus.

For more information, see—

ikung a (hitp:/Awww.cd i ngunya/CH_Fa eethtml) (CDC Fact Sheet) .
« Traveling with Children: Resources (htp:/mwwwn.cdc.goviravelcortertChildTravel.aspx) (CDC Travelers' Health website)

Other Mosquito-Related Diseases.

In many of the areas where chikungunya is present, there are other diseases spread by mosquito bites, such as dengue =
(fravelyell k/2010/chapter-5/dengue-fever-dengue-hemorthagic-fever.aspx] . Mmmﬂmmﬂmibﬂm&
efice itis (Aravelyellowbook/2 -hapter-2/apanese-encephalitis.aspx), and yellow fever (Araveiveliowbook. Lo
12010/chapter-2/yeflow-fever.aspx) . If you are traveling to.any tropical and subtropical areas of the world, you should take steps -
to avoid mosquito bites. : .

Page last reviewed: July 28, 2009 .

Page last updated: July 29, 2009

Page created; August 21, 2008

Content source: .

Division of Global Migration and Quarantine

National Center for Preparedness, Detection, and Control of Infectious Diseases

¢« 8 o 0

/_/-;(' 7 ; ™
USA.ov. (£

Centers for Disease Control and Prevention 1600 Ciifton Rd. Atlanta, GA 30333, USA
800-CDC-INFO (800-232-4636) TTY: (888) 232-6348, 24 Hours/Every Day - cdeinfo@cde.gov
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TRANSFUSION COMPLICATIONS

BENESIS2009-01

Discovery and analysis of a novel parvovirus B19 Genotype 3
isolate in the United States

Lori A. Rinckel, Brett R. Buno, Todd M. Gierman, and Douglas C. Lee

I
BACKGROUND: Parvovirus B19 (B19V) is a pathogen
frequently identified in human plasma donations through
the detection of nucleic acids. Three B19V genotypes
have been defined based on isolates having greater
than 10% divergence in overall DNA sequence. B19V
Genotype 3 is a rarely occurring genotype that has
been detected _primarily In Ghana with sporadic reports

" in Brazil and France bit has not been previously

reported in North America.

STUDY DESIGN AND METHODS: A polymerase chaln
reaction assay was developed with broad specificity for
B19V detection. The performance of this assay was -
assassed by lesting approximately 440,000 clinical .
samples representing mote than 81,000 individual
donors. Determinations of B19V titer, DNA sequence,
and antibody concentrations were performed on
samples of interest. '
RESULTS: This assessment identified a series of eight
plasma donations spanning 28 days from a singie

donor in the United States infected with B19V Genotype '

3 as confirmed by DNA sequence analysis. The B9V
titer of this series of donations showed virus titers that
peaked at greater than 10" IU/mL. The virus titer
decreased significantly over the next several donations
colnciding with'an increase in im}h'unogrobulln M (igM) -
levels. The immunoglobulin G levels also increased but
lagged approximately 7 days behind the IgM fevels.
CONCLUSION: This Is the first report of a B19V Geno-
type 3 detected froma plasma doner located in the.
United. States. Although our data are consistent with
recent reports suggesting low incldence for this geno-
type, they indicate its increasing relevance ah‘iong '
blood and plasma donors.
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" uman parvovirus B19 (B19V) is a commo
hurnan pathogen that possesses a mutatio
rate that is uncharacteristically high for
DNA virus.'? B13V DNA sequence homolog

is used to classify B19V into three genotypes,® The genc
types are defined as having approximately 10% divergenc

- ingverall DNA sequence. Genotype 1 is the most prevaler

B19V currently circulating in North America and Europ
and is represented by the prototype strain Au (GenBan
Accession Number M13178).* Genotype 2 also circulate
in North America and Burope. but with lower frequenc
than Genotype 1 and is represented by the prototyp
strain A6 (GenBank Accession Number AY064475).° Genc
type 3 is endemic to Ghaha but has also been foun
in Brazil and France.® Genotype 3 is represented by tw
prototype strains,” V3 and D9l.1 (GenBank Accessio
Numbeérs AX003421-and AY083234, respectively).’ Numel
ous genetic variants of B19V exist within each of thes
three genotypes: By definition, these variants differ by les
thdn 10% in their DNA sequence when compared to th
genotypic prototype. -

These three genotypes were shown to constitute on
single serotype through'various functional, structural, an
immunologic studies;” current evidence suggests that a

‘variants of BI9V induce similar pathologies® A primar

interest and concern with the wide assortment of B19'
genotypes and variants is diagnostic. Polymerase chai
reaction (PCR) assays developed around specific referenc
standards frequently- fail to detect accurately specifi

" B18V genotypes and variants.5%! Therefore, developers o

molecular diagnostics and the biologics industry have a:

ABBREVIATION: B19V = parvovirus B19.
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PARVOVIRUS B19 GENOTYPE 3 IN THE UNITED STATES

increased interest in the prevalence of emerging B19V
variants.

Here, we report a unique isolate of B19V. This isolate
was discovered in a series of human plasma donations
from a single donor located in the United States. Analysis
indicated that this isolate exhibits strong DNA sequence
homology to B19V Genotype 3. Analysis of the series of
donations from this donor demonstrated the expected
clinical pattern of antibody response to this B19V Geno-.
type 3 infection. This is the first report of the discovery and
characterization of B19V Genotype 3 among US plasma
donors.

MATERIALS AND METHODS

A quantitative real-time PCR assay was developed with a
target region within the NS1 coding sequence of the B19V
genome utilizing oligonucleotide primers and probes
purchased from Integrated DNA Technologies (IDT, Cor-
alville, IA). The assay used two detection probes for the
B19V target. One detection probe contained the DNA
sequence of the B19V Au Genotype 1 prototype strain; the
second probe contained a DNA sequence that is a consen-
sus derived from the B19V A6 Genotype 2 prototype strain
and the V9 and DS1.1 Genotype 3 prototype strains. Both
probes were labeled with the same fluorophore. The assay
also incorporated a third detection probe for a competi-
tive internal control that was labeled with a different fluo-
rophore than that of the two B19V target probes. Test
results indicating a PCR signal for the internal control,
B19V target, or both were deemed valid; results indicating
no PCR signal for both the internal control and the B19V
target were deemed invalid. The quantitation standards
used in the real-time PCR assay were dilutions of plasmid
pYT104-C, which contains a B19V Genotype 1 strain (Au)
genome.'? A quantitative standard curve was used to
assign values (copies/ml) to test samples. The results
expressed as copies/mL were converted to IU/mL using a
correlation factor of 2.9 copies/IU, determined by com-
paring the potency of the First WHO International Stan-
dard for B19V DNA nucleic acid test assays {39/800) to the
potency of the dilution of pYT104-C used to create the
quantitation standards.'?

The performance of the BI9V assay was assessed
against-a qualitative B19V assay that served as the test of
record using a study sample of approximately 440,000
donor samples corresponding to roughly 81,000 indi-
vidual donors. Both assays were designed to detect all
three B19V genotypes; neither assay was designed to dis-
criminate among the three genotypes. Donation samples
were tested initially in pools of 384 or 480 samples to
increase testing efficiency. Additional, testing of B19V-
reactive samples was performed using a B19V PCR assay
(artus RealArt, Parvo B19 PCR assay, Qiagen, Hilden,
Germany). Antibody detection was performed on test
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samples in duplicate using the B19V immunoglobulin M
(IgM) and immunoglobulin G (IgG) enzyme immunoassay
(EIA) kits (Biotrin, Dublin, Ireland}.

DNA sequencing was performed on PCR amplicons
generated using primers containing B19V consensus DNA
sequences. The purified PCR amplicons were sequenced
by primer walking performed at Lark Technologies
(Houston, TX}). The contiguous DNA sequences were
assembled using sequence analysis cloning software
(Vector NTI, Invitrogen Corp., Carlsbad, CA). DNA
Seque nce alignments were performed with Vector NTI and
with the GenBank database using BLAST. "

RESULTS

The performance of a new B19V assay was assessed using
a study sample set consisting of approximately 440,000
donor samples, representing roughly 81,000 individual
donors. The performance of the B19V assay was bench-
marked against results obtained using an earlier version
assay. During the course of the study, 1 in 2400 donor
samples tested reactive for B19V. Review of resuits discor-
dantbetween the two assays identified several samples for
follow-up analysis. This investigation identified two reac-
tive donations that were ultimately linked to a series origi-
nating from a single donor resident in the United States.
Using a lookback process coupled with follow-up testing,
a series comprising eight donations, designated PO
through P7, was identified and these units were pulled
from the inventory for continued research. The two
plasma samples with the highest titer from this series, P1
and P2, were used to characterize the B19V isolate. Addi-
tional testing using the Qiagen artus RealArt Parvo B19
PCR assay yielded negative results for neat and diluted
samples (neat and 1:480).

DNA sequencing of B19V amplicons generated flom
P1 and P2 using our assay showed that both donations
contained identical DNA target sequences. This prelimi-
nary sequence information also suggested that nucleic
acid isolates from P1 and P2 have higher DNA sequence
homology to B19V Genotype 3 than to Genotypes 1 and 2.
The preliminary DNA sequence information was used to

design and synthesize a new detection probe (P1 probe)*

containing 100% DNA sequence homology to the P1 and
P2 isolates. This new detection probe was used to quanti-
tate sample viral loads at -8 x 10" [U/mL for P1 and
3 x 10" [U/mL for P2 (Fig. 1).

The DNA sequence was determined for 4846 nucle-
otides of the P1 B19V genome (GenBank Accession
Number FJ265736). Analysis of the DNA sequence from P1

_ (Fig. 2) shows-that this B19V isolate has the highest DNA

sequence homology to representative isolates of B19V
Genotype 3. This sequence exhibited 97% homology to
B19V strain V9 and 96% homology to B19V strain D91.1,
suggesting that the .P1 isolate belongs to Genotype 3

Voluma 49, July 2009 TRANSFUSION 1489

RINCKEL ET AL.

20 When tested using the P1 probe, th
B19V titers of this series of donation

show the expected pattern for a B19\
infection. B19V titers increased rapidly

peaking within several days after infec

1.4 tion and then decreased. gradually fo
several weeks (Fig. 1).

In addition, IgM and IgG B19V anti
body levels were detected in this series o

/
/ N/ /S

~

././
OD 4501630 nm

plasma donations using EIA method:
(Fig. 1). For reference, the day of the P(

B19V Titer (Log 1U/mL)
H

donation is referred to as Day 1. The IgM

response was first detected on Day ¢
(P3), peaked on Day 22 (PS), anc

decreased thereafter. The IgG antibod;

S

t 23 45 67 8 9 101112131415 1617 13 19 20 21 22 23 26 25 26 27 28 29 30

Day

Fig. 1. B19V titer (#) and IgM (A) and IgG (W) levels for the series of Genotype 3

donations. The B19V titer is expressed in [U/mL.,

A
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Fig. 2. Global DNA sequence alignment of B19V strain P1 with

- the prototype strains for B19V Genotype 1, Au; Genotype 2,

A6; Genotype 3b, D91.1; and Genotype 3a, V9. (A) Phylogenetic
tree, (B) Numerical parison of DNA seq h logi
This analysis shows that P1 is a member of BI9V Genotype 3a.

Subtype B19/3a.'* The P1 isolate is significantly less
homologous to B19V Genotypes I and 2 with 89% homol-
ogy to BI1SV Genotype 1 prototype strain Au and 92%
homology to B19V Genotype 2 prototype strain A6.

1490 TRANSFUSION Volume 49, July 2009

172

02 ' response was first detected on Day 1
" (P3), peaked on Day 22 (P5), and gradu-
o8 ally decreased through Day 29 (P7). The

B19V antibody levels detected in these
plasma donations displayed an increase
in. IgM level " concurrent’ with the
decrease in B19V titer (Fig. 1).

DISCUSSION

This is the first report of a B19V Genotype 3 detected-in ¢
blood or plasma donation in the United States. Previously
B19V Genotype 3 had been reported to occur primarily ir
the African country of Ghana, with less frequent reports
in Brazil and France. The frequency of B19V Genotype 3 in
Ghana was reported to be approximately 100% of the
strains identified.’® The frequency of B19V. Genotype 3'in
Brazil was approximately 50% and in France was approxi-
mately 11% of the strains identified.*® Not only is the
identification of a B19V-Genetype 3 in the United States
noteworthy, but also our characterization of this BI9V
Genotype 3 infection in this donation series has demon-

. strated that isolates of this genotype can achieve the high

virus titers typically associated withacute B19V Genotype 1
infections. In contrast, previous reports concerning B19V
Genotype 3 have suggested that high-titer infections
involving this genotype occur infrequently.*'*'? The titers
of the isolates described in these prior reports, however,
may reflect late or persistent infections which would
exhibitlower titers than an initial infection. The B19V titers
of the series of donations in this report show the expected
pattern for an acute infection where virus titers increase
rapidly, peak within sevéral days after infection, and then
decrease gradually over a period of several weeks.

The B19V isolate described in this report, designated
P1, was found to exhibit strong DNA sequence homology
with B19V Genotype 3. Alignment to V9 and D91.1, both
Genotype 3 Isolates,” demonstrated ‘significantly higher
DNA sequence homology (at least 94%) than to represen-
tative isolates for Genotypes 1 and 2. Mote specifically, P1
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appears to belong to Genotype 3 Subtype B19/3a.’
Subtype B19/3a was reported to be prevalent in Ghana
whereas Subtype B19/3b appears to be more prevalent in
Western Europe and Brazil,’®

The B19V titers in these donations increased rapidly
and peaked at a titer of approximately 8 x 10" [U/mL. Qur
results also show that the decrease in B19V titer was con-
current with an increase in [gM antibodies. The increase in
1gM antibodies was followed by an increase in the levels of
IgG antibodies. These results concur with published works
that suggest that the Genotype 1 antigens present in the
Biotrin EIA kit are effective for the detection of Genotype 3
antibodies.” These results are also consistent with the
suggestion that a single serotype may exist for the different
B19V genotypes.”

Recent discussion concerning the incidence of the
B19V Genotype 3 infection among blood and source
plasma donors has suggested that the prevalence of this
genotype in the United States is low or absent.? The com-

" parison of the performance of two B19V assays in this

limited, high-throughput sample set (approx. 440,000
donations) identified B19V at a frequency of 1:2400 dona-
tions. This detection frequency is typical for the time of
year at which the study was conducted (based on data
from nearly 8 years of high-throughput testing). When the
study results were analyzed by donor, B19V-reactive dona-
tions were associated with 117 individual donors among
81,000 total donors (approx. 1:700). In contrast, the puta-
tive detection frequencies for samples and donors reactive
for B18V Genotype 3 appear significantly lower. Samples
containing high-titer B19V Genotype 3 (i.e., >10° IU/mL)
were detected at the rate of 1:220,000 and were contrib-
uted by a single donor among the 81,000 donors compris-

-ing the sample set (1:81,000). Whether these frequencies

accurately reflect the incidence of Genotype 3 within
the source plasma donor population remains unclear,
because the assays used in this study were not designed to
differentiate among the ‘three genotypes. Moreover, this
study was designed to evaluate assay performance, rather
than B19V epidemiology. Nevertheless, the fact that this
study resulted in the identification and interdiction of 8
plasma units from a single donor, 2 of which contained
sufficient B19V to exceed the prescribed limits for plasma
‘fractionation pools, underscores the increasing relevance

-of assays that can detect B13V Genotype 3.
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Guidance for Industry

Nucleic Acid Testing (NAT) to Reduce the Possible Risk of Human
_Parvovirus B19 Transmission by Plasma-Derived Products

This guidance represents the Food and Drug Administration’s (FDA's) current thinking on this
topic. It does not create or confer any rights for or on any person and does not operate to bind
FDA or the public. You can use an alternative approach if the approach satisfies the
requirements of the applicable statutes and regulations. Ifyouwant to discuss an alternative
approach, contact the appropriate FDA staff. If you cannot identify the appropriate FDA staff,
call the appropriate number listed on the title page of this guidance. .

L INTRODUCTION

We, FDA, are issuing this guidance to provide you, manufacturers of plasma-derived products,
wnh recommendations: for performing nucleic acid testing (NAT) for human parvovirus B19 as
an in-process test for Source Plasma and recovered plasma used in the further manufacturing of
plasma-derived products. Such testmg will identify and help to prevent the use of plasma units
containing high levels of parvovnrus B19. This guidance also recommends how to report to FDA
implementation of parvovirus B19 NAT. . :

We recognize that in the current business practice for parvovirus B19 NAT i m-process tesnng,
several weeks can elapse between collection of the units of Source Plasma or recovered plasma-

and identification of B19 NAT-positive pools or units. We encourage manufacturers of plasma- s
derived products to employ practices that will reduce the time between product collection and in-
process testing to allow for the meaningful notification of blood and plasma collection -’
establishments of positive test results within the dating period of any blood components mtended
for use in transfusion. : :

" This guidance finalizes t_he draft guidance of the same _titie, dated July 2068.

FDA’s guidance documents, including this guidance, do not establish Iegally enforceable .
responsibilities. Instead, guidances describe the FDA’s current thinking on a topic and should be
viewed only as recommendations, unless specific regulatory or statutory requirements are cited.
The use of the word should in FDA’s guxdances means that something is suggested or -
recommended, but not reqmred

II.  BACKGROUND

Human parvovirus B19 is a small, non’-enveloped single stranded DNA virus. Virus clearance
studies, using non—human parvoviruses as models for parvovirus B19, have indicated that this
virus is highly resistant to all commonly used inactivation methods, mcludmg heat and )
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solvent/detergent (S/D) treatment, and is also difficult to remove by filtration because of its small
size. More recent studies have demonstrated that human parvovirus B19 may be more readily
cleared than certain model animal parvoviruses (Refs. 1, 2, 3 and 4). The parvovirus B19 can be
transmitted by blood components and certain plasma derivatives, and may cause morbidity to
susceptible recipients such as pregnant women (and their fetuses exposed in utero), persons with
underlying hemolytic disorders, and immune compromised individuals (Refs. 5 and 6). The
disease transmission by transfusion of blood components is rare. However, extremely high
levels of parvovirus B19, up to 10"2IU/mL, in plasma of acutely infected but asymptomatic
donors may present a greater risk in plasma derivatives due to pooling of large numbers of
plasma units in the manufacture of these products. The virus can be detected by NAT in plasma
pools when there are high levels of parvovirus B19 DNA in viremic donations. For example, the
parvovirus B19 DNA can be detected in various plasma-derived products, particularly in
coagulation factors (Refs. 7 and 8). There have been a few reports of parvovirus B19 infection
associated with the administration of coagulation factors (Refs. 9 and 10) and S/D Treated

Pooled Plasma (Refs. 5 and 11). Parvovirus B19 DNA is less frequently detected in albumin and i

immunoglobulin products and, when detected, the levels are usually low. There are no
confirmed reports that albumin and immunoglobulin products have transmitted parvovirus B19
infection.

We have held or participated in several meetings to discuss the potential risk of parvovirus B19
inféction by plasma-derived products, and the strategy for reducing such risk. The meetings
included FDA-sponsored NAT workshops in 1999 and 2001 (Refs. 12 and 13), Blood Products
Advisory Committee (BPAC) meetings in 1999 and 2002 (Refs. 14, 15, and 16), the National
Heart, Lung, and Blood Institute-sponsored Parvovirus B19 workshop in 1999 (Ref. 5), and an
ad hoc Public Health Service (PHS) panel in 2002 (discussed at the 2002 BPAC meeting (Ref.
16)). In these meetings, it was recognized that viral inactivation/removal steps that are routinely
used in the manufacturing process of plasma-derived products do not alone appear to be
sufficient to completely clear the virus if high viral load is present in the starting material.
Therefore, in these meetings, a common recommendation for mitigating the risk of parvovirus
B19 transmission by plasma derivatives has been to limit the virus load in the manufacturing
plasma pool by testing the plasma donations for high titer parvovirus B19 DNA, using a
minipool format. This viral load reduction strategy combined with the ability of the
manufacturing process to clear the residual virus could greatly reduce the risk of parvovirus B19
infection by plasma-derived products.

The recommended limit in this guidance for viral load of parvovirus B19 DNA in the
manufacturing plasma pool (i.e., not to exceed 10* IU/mL) was primarily derived from studies
that were conducted on the transmission of parvovirus B19 associated with S/D Treated Pooled
Plasma (Refs. 5, 11, and'14). In principle, testing in a minipool format to measure the viral load
for parvovirus B19 DNA in a manufacturing plasma pool is acceptable in order to exclude only
the high-titer plasma donations, thereby avoiding too great a loss of plasma for further
manufacturing. Furthermore, during the viremic period for parvovirus B19 infected donors,

which can be very lengthy, low levels of parvovirus B19 coexist with parvovirus B19 antibodies -

Contains Nonbinding Recommendations

(potentially complexing with and neutralizing the virus). Therefore, it is undesirable to remove
plasma units with low levels of B19 DNA, because it would diminish the parvovirus B19
antibody levels in plasma pools and in some of the resulting plasma-derived products (Refs. 17
and 18). ‘ :

IIl. RECOMMENDATIONS

We recommend that you implement the following procedures to detect the presence of
parvovirus B19 DNA: :

*  Forall plasma-derived products, you should perform parvovirus B19 NAT as an in-
process test to ensure that the viral load of parvovirus B19 DNA in the manufacturing
pools does not exceed 10* IU/mL. .

*  Use parvovirus B19 NAT on minipool samples to screen plasma units intended for
further manufacturing into plasma-derived products. Primers and probes selected for
parvovirus B19 NAT should detect all known genotypes, of the virus (Ref. 19).

*  When identified, you should not use individual plasma units, intended for further
manufacturing into plasma-derived products, when such units are found to have a titer
of parvovirus B19 DNA that mi ght result in plasma manufacturing pools exceeding a
parvovirus B19 DNA titer of 10* IU/mL. :

You should assess validation data demonstrating the accuracy, sensitivity, specificity,
reproducibility, and other performance characteristics of the parvovirus B19 NAT assay used for
the detection of parvovirus B19 DNA in the Source Plasma and recovered ‘plasma, and for
demonstrating that the viral load of parvovirus B19 DNA in the manufacturing pool does not
exceed 10° TU/mL. :

If the above recommendations are implemented, you must inform F DA, as required under 21
CFR 601.12(a). You may submit these changes as a “Supplement-Changes Being Effected”
supplement (CBE supplement), under 21 CFR 601.12(c)(5). S :
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‘Clinical and Laboratory Features of Human
Plasmodium knowlesi Infection

Cyrus Daneshvar,’ Timothy M. E Davis,’ Janet Cox-Singh,' Mohammad 2akri Rafa’es,’ Siti Khatijah Zakaria,'

Paul C. S. Divis,' and Balbir Singh,’

‘Maiaria Ressarch Centre, Faculty of Medicine and Health Sciences, Universit Malaysia Sarawak, and *Kapit Hospital, Sarawsk, Malaysia;
and *Department of Medicine, Fremantle Hospital, University of Wastern Australia, Fremantle, Australia

Background.  Plasmodium knowlesi is increasingly recognized as a cause of human malaria in Southeast Asia
but there are no detailed prospective dinical studies of naturally acquired infections.

Methods. In 2 systematic study of the presentation and course of patients with acute P knowlesi infection,
dinical and laboratory data were collected from previously untreated, nonpregnant adults admitted to the hospital
with polymerase chain reaction—confirmed acute malaria at Kapit Hospital (Sarawak, Malaysia) from July 2006

through February 2008,

Results.  Of 152 patients recruited, 107 (70%) had P knowlesi infection, 24 (16%) had Plasmodium Salciparum
infection, and 21 (14%) had Plasmodium vivax. Patients with P knowlesi infection presented with a nonspecific
febrile iliness, had a baseline median parasitemia value at hospital admission of 1387 parasites/uL (interquartile’
range, 6-222,570 parasites/uL), and all were thrombocytopenic at hospital admission or on the following day.
Mast (93.5%) of the patients with P knowlesi infection had uncomplicated malaria that responded to chloroquine
and primaquine treatment. Based on World Health Organization criteria for falciparum malaria, 7 patients with -
P knowlesi infection (6.5%) had severe infections at hospital admission. The most frequent complication was
respiratory distress, which was present at hospital admission in 4 patients and developed after admission in an
additional 3 patients. P. knowlesi parasitemia at hospital admission was an independent determinant of respiratory
distress, as were serum creatinine level, serum bilirubin, and platelet count at admission (P<.002 for each). Two-
patients with knowlesi malaria died, representing a case fatality rate of 1.8% (95% confidence interval, 0.296—

6.6%).

Conclusions. Knowlesi malaria causes a wide spectrum of disease. Most cases are uncomplicated and respond
promptly to treatment, but approximately I.in 10 patients develop potentially fatal complications.

Five species of Plasmodium (Plasmodium falciparum,
Pl dium vivax, Pl dium malariae, Plasmodium
qvale, and Plasmodium knowlesi) cause naturally ac-
quired malaria in humans. The most recently identified
species is P knowlesi, which we previously. reported to
be the most common cause of hospitalization for ma-
laria in the Kapit Division of Sarawak in Malaysian
Borneo [1]. Further studies of blood samples from pa-
tients presenting with malaria in Sarawak, Sabah, and
Peninsular states confirmed a much wider distribution
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within Malaysia {2]. There have also been reports of
locally acquired P. knowlesi infections from Southern
Thailand, the Myanmar-China border, the Philippines,
and Singapore {3-7], indicating that transmission oc-
curs in many Southeast Asian countries.

P knowlesi is primarily a chronic infection of the
long-tailed (Macaca fascicularis) and pig-tailed (Macaca
nemestrina) macaques [8]. It is easily confused with
Plasmodium malariae on blood film microscopy in cases
‘'of human infection, because the morphologic appear-
ances are almost identical (9, 10). However, P knowlesi
is unique amongst the primate and human malarias in
that it has a 24-h erythrocytic cycle [10], which is a
characteristic that is likely to accelerate the development
of complications 2] Information on the characteristics
of knowlesi malaria in humans, however, is restricted
to single case reports (3, 5, 7}; our previous retrospec-
tive study-of 94 patients with uncomplicated cases, in- -
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which we described available data relating to clinical features
at presentation only {1]; and our report of 4 fatal cases [2].
We have, therefore, undertaken a detailed, systematic, pro-
spective study of the presentation and dinical course of patients
with a diagnosis of confirmed acute knowlesi malaria.

PATIENTS AND METHODS

Study site. This prospective study was conducted in the Kapit
Division, which has a total population of 109,000 people of
mostly Iban ethnicity [1]. A single World Health Organization
(WHO) level 2 hospital serves the Division, together with 3
polyclinics and 22 rural health dinics. Health policy mandates
that all patients with malaria are hospitalized until negative
blood smear results are obtained on 2 consecutive days. Treat-
ment for malaria is provided free of charge.

Subjects. Recruitment was consecutive and took place dur-
ing 2 periods totalling 17 months from July 2006 through Feb-
ruary 2008. All nonpregnant patients aged >15 years who were
admitted to Kapit Hospital with a blood film result positive for
any Plasmodium species were eligible, provided that there was
no significant comorbid disease and that they had taken no
antimalarial treatment within the previous 14 days. Subsequent
confirmation of malaria species was determined by nested poly-

" merase chain reaction assays [1]. All patients provided wit-

nessed informed consent to the study procedures, which were
approved by the Medical Research Ethics Subcommittee of the
Malaysian Ministry of Health. In an initial 2-month pilot study,
most cases of P. vivax and P. falciparum infection were among
logging camp workers returning from long periods in Oceania
or Equatorial Africa, respectively.:Because the demographic
characteristics and background immunity of these patients were
significantly different from those of patients with knowlesi-ma-
laria, their clinical and laboratory data are presented but are
not compared directly with data for patients with P. knowlesi
infection.

Clinical procedures. Detailed demographic characteristics,
history, and examination findings were recorded on a standard
form. A baseline blood sample was obtained for routine bio-
chemical and hematological tadng, and regular monitoring of
temperature, blood pressure, and pulse rate was started. Treat-
ment was administered promptly according to the Malaysian
Ministry of Health Guidelines. Because there are no current
guidelines for P knowlesi malaria, the guidelines for P malariae
were used. Patients with uncomplicated knowlesi malaria re-
ceived oral chloroquine {25 mg base/kg over a 3-day period)
followed by primaquine (15 mg daily for 2 days) given as a
gametocidal agent. Oral and/or intravenous hydration was ad-
ministered at the discretion of the treating physician. Patients
presenting with or developing features of severe malaria were
treated in accordance with WHO guidelines {11} except that
the thresholds for hyperparasitemia and anemia were changed

to >100,000 asexual forms/plL of whole blood and <7.1 g of
hemoglobin/dL, respectively, to' allow for the low immunity
levels of the local population. If indicated clinically, patients
were transferred to Sibu Hospital for intensive care.

All patients were assessed clinically and by microscopic ex-
amination of blood films on each inpatient day. Additional
laboratory tests were performed as indicated by the dlinical state
of the patient, Parasite clearance time and fever clearance time

were taken as the number of days to the first of at least 2 follow-

up assessments at which the patient had negative blood film
results and was afebrile, respectively. When the patient was afe-
brile and had negative blood film results for 2 consecutive days,
additional blood samples were obtained for routine biochemical
and hematological tests before discharge. Patients returned on
the 28th day after hospital admission for clinical review and blood
tests.

Laboratory procedures. Al blood films were examined by
2 experienced microscopists. The parasite density was first de-
termined at Kapit Hospital on the basis of the number of par-
asites per 500 white blood cells and the total white blood cell
count for each patient. Microscopic examination was repeated
in Kuching, with the second microscopist blinded to the initial
result. The mean of the 2 parasite densities was used in data
analysis. Parasite DNA was extracted from blood spots that
had been collected on filter paper, and the Plasmodium spe-
cies was determined by nested polymerase chain reaction for
P. falciparum, P. vivax, P._malariae, P. ovale, and P. knowlesi, as
described elsewhere [1, 12]. '

Hematological profiles were determined on site using semi-
automated methods (Sysmex model KX-21N). Serum sodium,
potassium, glucose, creatinine, bilirubin, alanine aminotrans-

ferase (ALT), and albumin levels were either assayed on site.

(AVL 9180 and Hitachi 902; Roche/Hitachi, Roche Diagnostics)
or sérum samples were stored at —80°C before transfer on dry
ice to the Biochemistry Department, Fremantle Hospital (Free-
mantle, Australia), for analysis (Cobas Integra 800; Roche Di-
agnostics). An additional uncuffed blood sample was collected
into a chilled fluoride-oxalate tube, centrifuged immediately
and separated plasma stored at —80°C before transfer on dry
ice to Fremantle Hospital for plasma lactate assay (COBAS

‘INTEGRA 800). Other laboratory investigations; including.

blood cultures, urine dipstick testing, microscopic examination,
and chest radiography were performed as indicated clinically.

Statistical analysis, Data were analyzed using SPSS soft-
ware, version 15.0 (SPSS). Normally distributed variables were
compared using the Student’s ¢ test or analysis of variance and

_ the Scheffé post hoc test. All other data were analyzed using

nonparametric methods (the Wilcoxon rank-sum test or Fried-
man test). Proportions were compared with use of Fisher’s exact
test. Multiple logistic or linear regression analysis using for-
ward conditional modeling was performed to determine baseline

Knowlesi Malaria Clinical Features * CID 2009:49 (15 September) * 853

associates of complications or markers of severity, respective-
ly. Plausible predictive variables with a statistically significant
(P<.05) univariate association with the specific severity out-
come were selected for inclusion in the model. These variables
were log-transformed prior.to model entry if they were. non-

_normally distributed and a stepwise forward selection proce-
dure was then performed to identify the significant indepen-
dent associates in each case.

RESULTS

Baseline characteristics. The mimber of patients who par-
ticipated in the study in relation to all malaria admissions to
Kapit Hospital during the recruitment period is shown in figure
1. Their baseline dernographic and clinical features are sum-
marized in table 1. P. knowlesi infections were acquired locally
- by both sexes and across all age groups, with 93 (87%) of
patients reporting recent activities in the jungle or forest-fringe
in the Kapit Division. All regions along the Rejang River and
its associated tributaries were represented, and there was no
significant clustering of cases: Confirming our pilot study find-
ings, most of the cases of vivax and falciparum malaria (31'
cases; 69%) were imported, and the numbers were relatively
small. : :
The overall median duration of symptoms prior to hospi-
talization was $ days (interquartile range, 3-5 days), but 2
patients were unwell for >10 days before hospitalization, Symp-
toms were typically nonspecific. Fever and chills were present
in almost all cases, and other frequent symptoms included ab-
dominal pain, breathlessness, and productive cough. Tachyp-
nea, pyrexia, and tachycardia were common dlinical signs (ta-
ble 1). .
The results of bascline laboratory investigations are sum-

marized in table 2. The level of parasitemia at hospital admis-
sion was relatively low in the B knowlesi group, but there was
a wide range that included 3 patients (2.8%) with parasite
densities >100,000 parasites/uL and 33 patients (30.8%) with
densities <500 parasites/uL. The most common abnormal lab-
oratory finding was thrombocytopenia (<150,000 platelets/pL),
which ‘was present in 104 patients (98%), with 31 (29%) of
107 patients having a platelet-count <50,000 platelets/uL. The
3 patients who did not have thrombocytopenia (155,000,
152,000, and 167,000 platelets/uL) had low parasitemias (5, 126,
and 170 asexual forms/uL, respectively), and all became throm- |
bocytopenic within 24 h (with nadir values of 90,000, 131,000,
and 112,00 platelets/uL, respectively). Lymphopenia was found

.in 7 (6.5%) of patients at presentation, but all patients had .

normal values by the time of hospital discharge. Anemia was
uncommon at hospital admission. Only 5 (4.6%) of the patients
had a hemoglobin concentration <10 g/dL, whereas none of
the patients met the criteria for severe anemia. Mild hepatic
dysfunction, usually comprising an elevated serum ALT level
and a low serum albumin level, was relatively common. Mild-
to-moderate hyponatremia (range, 122-135 mmol/L) was evi-
dent in 29% of cases, all, of which responded to rehydration
and antimalarial therapy.

On the basis of WHO criteria for severe falciparum malaria -
[11], 8 (7.5%) of the patients with P knowlesi infection had
severe infections at presentation (table 3). The most frequent
dlinical presentations of severe infection were respiratory dis-
tress (diagnosed in 4 patients on the basis of a respiratory rate
>30 breaths/min, oxygen saturation <94% by pulse oximetry,
auscultatory findings, and radiographic chahges),‘hypetpara-
sitemia (3 patients), and jaundice (serum total bilirubin >43
umol/L in 3 patients). There were 3 cases of renal failure (serum
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Figure 1. Flow chart shawing patient recruitment, exclusion, and follow-up in a study of human Plasmodium knowlesi infection in Malaysia.
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Table 1. Demographic and Clinical Characteristics of Patients Admitted to Kapit Hospital (Sarawak, Malaysia)
with Untreated Malaria Categorized by Plasmodium Species

Plesmodium knowlesi  Plasmodium falciparum

Plasmodium vivax

Variable in =107} {n = 24) {n = 21) P
Age, years
Mean value {+ SO} 449 + 14.94° 38.7 + 9.64 365 £ 10.61 006
Range 16-79 15-53 15-51
Male sex 56.1%¢ 95.8 100 <.001
Iban ethnigity 91.6 95.8 76.2 .073
Occupation <001
Farmer 495 4.2 9.5
Logging/plantation warker 27.1%¢ 9.7 71.4
Other 234 42 19
Seif-reported previous-malaria 26.2°° 75 57.1 <001
Previous foreign travel 19.6%° 9t.7 7.4 <001
Foreign trave! within previous 4 weeks 0.9%° 833 524 <001
Duration of illness, median days IQR} 5 {3-7) 2.5 (1-4.75) 3{1-5) <.001
Symptom
Feverfchills 100 917 851 NA
Headsche 94.4 875 524 NA
Rigors 89.7 79.2 85.7 NA
Malaise 89.7 91.7 66.7 NA
Anorexia 83.2 708 52.4 NA
Myaigia 87.9 79.2 90.2 NA
Cough 56.1 547 -47.6 NA
Nausea 56.1 87.5 285 NA
Vomiting 336 41.7 19.0 NA
Abdorninal pain 52.3 375 238 NA
Diarthea 2%.0 475 333 NA
Clinical findings
Axillary temperature, medien °C {IQR} 37.6 (37.0-38.5) 37.8 (37.0-38.5) 37.0 36.8) NA
Respiratory rate, median breaths/min [IQR} 26 {22-31) 25.6 {22.3-28.5) 27 (245-29.0) NA
Pulse rate, mean beats/min { £S0) 95 * 16 99 t 17 97 1 18 NA
Arterial blood pressure, mean mmHg (= SD) 89 r 11 85 £ 9 88 + 9 NA
Capillery rafill time, median secs (IQR) 21(2-3) 2 (2-9) 2(2-3) NA
Palpable liver 243 29.2 16.7 NA
Palpable spleen 15.0 208 238 NA

NOTE. Data are percentage of patients, unless otherwise indicated. (QR; interquartile range; NA, not assessed; SD. standard

deviation.
* P<.0S vs P vivax.
® P<.01vs P falciparum.
¢ P<.01vs P vivax.

creatinine level 2265 umol/L despite fluid resuscitation), 2
cases of hypotension (systolic blood pressure <80 mmHg de-
spite fluid resuscitation), and 1 case of hypoglycemia (venous
plasma glucose level <2.2 mmol/L). There were no cases of
unrousable coma. A combination of features was present at
hospital admission in 3 patients.

Clinical course. Clinical and parasitological outcomes to-
gether with changes in key hematological and biochemical var-
iables during hospitalization and at day 28 for patients with
knowlesi malaria are summarized in tables 4 and 5. There was
no clinical, laboratory, or radiological evidence of other infec-
tions or conditions at study entry, during hospitalization, or at
follow-up that would have influenced outcome, When patients
with knowlesi malaria were discharged from the hospital, plate-

let counts had increased, and all patients had values that were
within the normal range by day 28. Most of the remaining
hematological and biochemical parameters had improved by
hospital discharge. Abnormal laboratory values had resolved in
all 87 patients with knowlesi malaria who attended for day 28
review. ¢

Three patients, including 2’ patients without complications
at hospital admission, developed respiratory distress (table 3).
A total of 7 (6.5%) of the 107 patients in the knowlesi group,
all of whom were female, presented with or developed respi-
ratory distress. Of those patients with evidence of severe know-
lesi malaria either at presentation or during treatment, 2 died
(table 3). Patient ! had parasitemia at presentation (parasite
density, 222,570 parasites/uL), evidence of multiorgan failure,
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Table 2. Leboratory Results for Patients Admitted to Kapit Hospital with Untreated Malaria Categorized by Plasmodium

Speciss
. Pl knowiesi Pl falci Pi fum vivax

Variable Normal range {n = 107) s in = 24) n= 2%
Psrasite count, parasites/ul NA 1387 {6-222,570} 26,781 (1840~271,760)  4258'(324-32,132)
Hemoglobin level, g/dL 11.3-15.7 133 012.0-14.3) 12.5.(12.3—‘3,6) 13.5 (12.6-13.8}
White blood call count, X 10° celisful. 3.1-103 5.6 (4.7-7.0} 6.3 (5.3-8.6) 6.1(4.8-7.8)

Neutrophit count, mean neutrophils X 10%ul. {2 SD) 2-5.3 3718 4.6 = 24 46+ 2.2

Lymphocyte count, X107 celstul 0.8-2.7 15{1,1-2.0) 1.0{0.8-1.49) 1.00.6-1.7)
Platelet count, mean value X 10° platelets/ul (+SD) 150450 71+ 38 108 £ 59 118 £ 51
Prothrombin time, sacs NA 13 (12-185) 16 {13-16} 12(12-14)
8lood group O, % of patients NA 28.0 125 9.5
Serum creatinine level, pmollL . <133 B8 (73-100) 89 (80~97) 89 (76-98)
Sefum sodium lgvei, mmoL. 136-152 137 (135-140) 138 (135-140) 138 {135.5-141}
Serum total bilirubin, kol <21 13 (9-18) 17 (12-22) 16 (10-21)
Serum alanine aminatransterase level, IUL <40 36 (25-54) 26 (20-40) 27 (13-85)
Serum alburnin level, g/dL >38 36 (33-39) 38 (35-41) 41 (39-46)
Serum glucose level, mmold. 4-8 6.2 {5.3-6.7) 6.4 (5.7-7.2) 6.2 65.5-7.0
Plasme lactate lavel, mmolL <2 1.6 (1.2-2.0 1.5 (1.2-2.0) 1.6 (1.1-2.0)

NOTE. Unless otherwise indicatsd, data are median value (interquartile range). NA, not applicable,

hypoglycemia, and lactic acidosis. This patient died within 6 h
after hospital admission despite intensive treatment with\iu:
travenous quinine, broad spectrum antibiotics, and ionotropic
and ventilatory support. Patient 8 presented with symptoms
and signs of a right hemiparesis and sensory inattention and
had a history of uncontrolled hypertension. The patient’s par-
asite density at hospital admission was 214,000 parasites/uL.
She was treated with intravenous quinine but developed re-
spiratory distress ‘that required mechanical ventilation. After
showing signs of improvement, she experienced neurological
deterioration on the seventh day of hospitalization and died
24 h later. No neuroimaging studies were possible.

Baseline P. knowlesi parasitemia, complications, and mark-
ers of severity. Patients reporting breathlessness or vomit-
ing had greater geometric mean parasite counts than did those
who did not report these symptoms (P = ,025 and P = .038,
respectively). In a logistic regression model, presentation with
or development of respiratory distress was positively and in-
dependently associated with the admission In(parasitemia) and
inversely associated with the admission hemoglobin level (P =
004 and P = .015, respectively). In multiple linear regression,
(1) In(parasitemia) and age were independent positive associ-
ates of In(admission setum creatinine) (P<.00i and P = .007,
respectively), (2) In(parasitemia) and In(plasma glucose) were
independent associates of In(admission serum total serum bil-

. irubin) (P = .003 and P = .008, respectively), and (3) In(par-

asiternia) was. an independent associate of the In(admission
platelet count) and absolute differences between day 28 and
hospital admission platelet counts (P = .002 and P = .004, re-
spectively). In other multivariate models, In(parasitemia) was
not an independent associate of the admission hemoglobin level
(P = 49) or serum ALT level (P = .70). In receiver operating

characteristic curve analysis, parasitemia was a good predictor
of complications after excluding hyperparasitemia (area under
the receiver operating characteristic curve, 0.90 [95% corifi-
dence interval, 0.82-0.98); P<.001). The prespecified 100,000/
L threshold was highly specific (specificity, 100%) but had a
sensitivity of 30%.

DISCUSSION

The present study provides the first detailed, prospective eval-
uation of P. knowlesi infection in an area of Malaysian Borneo
in which it is the most common locally acquired human ma-
laria. Although there were demographic differences between
the 3 groups of patients with malaria, there were no presenting
symptoms or. signs that distinguished knowlesi malaria from
either faldparum or vivax malaria. Consistent with available—
albeit, incomplete—retrospective data [1, ‘2], most cases of
knowlesi malaria were uncomplicatéd and responded promptly
to treatment with chloroquine and primaquine, but compli-
cations developed in nearly 1 in 10 patients. Because the num-
ber of cases of severe knowlesi malaria was small, an accurate
case fatality rate is difficult to ascertain, but the case fatality
rate was 1.8% (95% confidence interval, 0.2%—-6.6%) in our
sample. Malaria may have been a contributory factor rather
than the sole céusg in our patient who presented with a stroke.
Nevertheless, P knowlesi infections occur in older as well as
younger adult patients in the Kapit-Division, and the vital ot-
gan dysfunction caused by this parasite may unmask undetly-
ing significant comorbidities. )

Despite the significantly lower peripi)eral blood parasitemia,
the patients with knowlesi malaria had clinical and laboratory’
profiles that were largely similar to those for patients with P
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Table 3, Details of Knowlesi Patients Presenting with {Patients 1-8) or Developing (Patients 9 and 10) Severs Malaria

Acute

pulmonary edema

or respiratory

Severe

Age,

Patient years Sex

Acute renal

QOutcome
Died

anemia distress syndrome

Lactic adidasis

Hypoglycemia
{plasma glucose level, <i.1 mmolL} Yes (plasma factate

Jaundice

Yes

No

lavel, 17.4 mmolL}

bifirubin, 45

level, 320 prmoliL}

80 mmHg}

222,570 para-

sites/ul)

F Yes (parasite count, Yes {systofic blood pressure, Yes (serum creatinine Yos {total serum  Yes
8 M Yes {parasite count,

68

Discharged

No

No

Yes {serum creatinne No

No

fevel, 385 umol)

sites/ul ¥

No

Discharged

Yes

Yes (total serum  No

No

No

bilirubin, 87

prmoyt)

Yes (systolic blood pressure. No

Discharged

No

No

No

No

No

71

189

79 mm/Hg)

No

Yes (total serum No

Dischargad

No

No

No

No

bilirubin. 66
pmolL)

No

Yes (ssrum creatinine No

Discharged

Oischarged

Yes

No

No
- No

No

No

No

6t

Yes

No

No

No

No

lavel, 418 gmoll}

No

Yes Died

No

No

Yes {total serum No

No

F  Yes (parasite count,

36

bilirubin, 178

214,000 para-

sites/pl)’

No

)

#mof

No

Discharged

Discharged

Yes

Yes

No

No

No

No

73

No

No

No

No

No

No

No

10

lyperparasitemia was detined as >100,000 parasites/ul. Severe anemia was defined as hemoglobin

ined as a serum creatinine leval »265 xmol/L despite rehydration. Jaundice was defined as serum

was defined as systolic blood pressure <80 mmHg; Acute renal impairment was defi
mia was dafined 8s a serum glucose level <2.2 mmolL. Hyperlactasmia was defined as a lactate level 6.0 mmoVL. Acute

<7.% g/dl. H

NOTE. Severe malaria was defined on the basis of World Health Organization critenia for severe falciparum malaria (11]. H:
bilirubin level >43 umolL. Hypoglyce

pulmonary edema or respiratory distress was defined as a

<34% on room air andfor pulmonary infiltrates visible on a chest radiograph.

plus oxygen

v rate >30 by

Table 4, Measures of Outcome in Patients C

4 !’V Pl dium Sp

Plasmodium knowlesi-

Plasmodium falciparum  Plasmodium vivax

Variable n = 107) {n = 24) (n= 21)
Fever dearancs time, h 20 (12-31) 20 {11-37) 16 (4-28)
Parasite clearance time, days 101-2} 3 (2-3.75) 3{2-3)
Duration of hospitalization, days® 3(3-4) 4 (4-5) 4 (3~4)

NOTE. Data are median value {interquartile range.

* Excludes 2 patients who died and 2 patients with hospital admission and-day 1 data only.

falciparum and P vivax infection, with' a wide spectrum of
illness. The most frequent complication in our cohort was re-
spiratory distress, which affected 1 in"15 patients. It is also a
relatively common sequelum of severe falciparum malaria [13}.
Respiratory distress can reflect pulmonary edema, acute respi-
ratory distress syndrome, or metabolic acidosis. In our group,
a pulmonary, rather than metabolic, etiology was the main
cause, because we medsured blood lactate concentrations and
had access to chest radiographs and pulse oximetry. The strong -
association between parasitemia at hospital admission and the
development of respiratory distress in our patients suggests that
parasite-specific effects that increase pulmonary capillary per-
meability rather than iatrogenic fluid overload or the syndrome
of inappropriate anti-diuretic hormone secretion .are respon-
sible,. as in falciparum malaria [14). Patients with falciparum
malaria who develop respiratory distress have a relatively poor
prognosis [13], and both of our patients who died developed
this complication. Respiratory distress has also been reported

. @s a rare complication of vivax {15-17) and ovale {18, 19]

malaria. We cannot explain the disproportionate number of
female patients with this complication in the P knowiesi group.

Although the women in our cohort, compared with the men,
had lower serum albumin concentrations at presentation (34.5
8/L vs 38.0 g/L; P<.001), sex association has not been reported
in'the case of the other human malarias and is likely to be
attributable to the play of chance in the present study. )

_ The P, knowlesi parasitemia at hospital admission was also .
strongly and independently associated with renal dysfunction,
and 3 patients developed renal failure despite resuscitation and
rehydration. As with respiratory distress, this is another com-
plication of falciparum malaria that could be mediated by the
parasite [20],. although the microvascular sequestration that
may contribute to P. falciparum-associated renal dysfunction
[21] is not known to occur in P, knowiesi infection. The presence
of P knowlesi parasitemia at hospital admission was also in-
aependchtly_associat‘:d with the total serum bilirubin but not
serum ALT level. This could reflest relatively brisk hemolysis
associated with the short (24-h) erythrocytic cycle rather than
abnormal liver function, but the median parasitemia was low,
and there was no inverse association with hemoglobin fevel at’
hospital admission. It is still possible that hepatic dysfunction
is a relatively late vital organ complication of P. knowlesi malaria

Table 5. Changes in Laboratory Test Resuits b
Admission and Day 28 in Patients with PJ. f

Hospital Admission and Discharge and Hospi

Change from
hospital admission

‘Change from
hospital admission

to discharge to day 28

Variable (n = 103) in = 87}
Hemoglobin level, g/dL -13 £ 1.0 0x1.3
White blood cell count, X107 celis/ul) 0t +18 12+ 21*

Neutrophil count, median value X 10° cells/uL (IQR} ~0.6 {-1.5to 0.6)° 0.6 {(-0.610 145} .

Lymphacyte count, median value X 10* cells/uL (IQR) 0.7 (0.40-1.3)* 0.9 (0.4-1.5*
Platelet count, median value X 10° platelets/ul. (IQR) 65 (31-113) ® 184 (144-222)°
Serum creatinine level, median amol/L (IQR) ' —85(-1910 1)* =12 {-21 fo O
Serum sodium level, median mmol/L (IQR} 2 (0.1-5 3(0-8°
Serum total bilirubin, median amal/L {IQR) ~6{-15t0 =3)° ~7(~12910 —4.3
Serum alanine aminotransferase level, median IUA. (IQR) ~1{-10t0 11} ~18 (~3291t0 —4)® .
Serum albumin level, g/dL -1.0z%28 ) 48 x 4.1°
Serum glucose, median mmol/L (IQR) (n = 56} ~0.4(~1.11008 -0.6(~12110 0.37)°
Plasma lactate level, medisn mmol/L. (IQR} (n = 56) 0.1 (=051t0 04} -0.1{-0.510 0.5)

NOTE. Uniess otherwise indicated, data are mean value * standard deviation. IQR, interquartite range.

* Pc.Ot
 pe.05
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but—as evidenced by patient 1, who presented with jaundice,
hypoglycemia, and lactic acidosis—it is one with potentially
devastating metabolic consequences.

Consistent with the nonsequestering nature of P knowles:,
we did not observe significant neurologic sequelae except in
patient 8, who had evidence of a stroke in the context of pre-
existing cerebrovascular risk. In addition, in contrast with the
group of patients with P faliparum infection, the group of
patients with P. knowlesi included no patients with severe ane-
mia. Both severe anemia and neurologic disturbarice have been
reported recently as common manifestations of severe vivax
malaria {22, 23], but these complications were observed in
patients who were younger than those in the present study and
in areas of much greater malaria transmission of multiple Plas-
modium species,

Despite the very high prevalence of thrombocytopenia among
our patients with P knowlesi infection (100%, compared with
<80% in other human malarias (24-26}), none had a clinically
evident coagulopathy. This is consistent with the relative infre-
quency of bleeding episodes complicating severe falciparum ma-
laria {11, but it is possible that a low platelet count (52,000
platelets/uL) and prolonged prothrombin time (17 sec) contrib-
uted to an intracerebral hemorrhage in the patient with knowlesi
malaria who died of a probable stroke. The almost invariable
presence of thrombocytopenia could facilitate diagnosis of know-
lesi malaria. In addition, the significant association between plate-
let count and P knowles: parasite density and, in turn, the re-
lationship between parasitemia and markers of severity, could
imply that very low platelet counts are of prognostic significance.
Such a relationship has been found among African children with
falciparum malaria [27).

Although our study included relatively few patients with se-
vere knowlesi malaria, we provide preliminary data relating to
the incidence of severe disease. A larger study on the main
complications and pathophysiology of knowlesi malaria is in
progress, with the aim of establishing specific criteria for se-
verity. It is likely that those for severe falciparum malaria, in-
cluding neurslogic sequelae, severe anemia, and hyperparasi-
temia (11], may not adequately address the unique biologic
properties of P knowlesi. In the case of falciparum malaria,
>250,000 parasites/uL (or 5% parasitized erythrocytes) is con-
ventionally used [11), but thresholds as low as 100,000/uL have
been associated with increased mortality and have been used
for nonimmune patients [28, 29]. It is therefore important to
determine knowlesi-specific markers of disease severity, espe-
cially an accurate risk-associated threshold parasitemia.

Our study shows that knowlesi malaria is a significant cause
of morbidity in the Kapit Division, extends available data to
characterize the spectrum of ilness and its clinical course, and
confirms our previous observation that life-threatening com-
plications can supervene {2). Knowlesi malaria is widely dis-

tributed in Southeast Asia; it affects mainly people who enter
forests or the forest fringe, but the transmission ecology of this
potentially serious disease may be changing [30]. Recently, Eu-.
ropean travellers to Malaysia have received a diagnosis of know-
lesi malaria following their return home [31, 32]. The increase
in tourism in Southeast Asia may mean that more cases are
detected in the future, including in Western countries. Clini-
cians assessing a patient who has visited an area with known
or possible P knowlesi transmission should be aware of the
diagnosis, its clinical manifestations, and its. course,
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population of Britain and thereby guide a proportigpnate
public health response tolimit the threat of healthcare
associated transmission of variant Creutzfeldt-Jakeb
disease {(vCJD).

. Deslgn Cross sectlonal opportumstlc survey,

Study samples Anonymised tonsit pairs removed at
elective tonsillectomy throughout England and Scotland.
Sétting National anonymous tissue archive for England
and Scottand.

Main outcome nieasure Presence of PrP°° deteimmed by
uslnz two enzyme immunoassays based on different
analytn:al pnnciples, with further investigation by
blotting of any

hemistry or
samples reactive in either 2 assay
Results Testing of 63 007 samples was covhpleted by the
end of September 2008, Of these, 12753 were from the
birth cohort in which most vCJD ¢ases have arisen (1961-

85) and 19 908 were fromithe 1986-95 cohort thatwou|d B
*. although.technically challeriging; is essential to guid

have been also exposed to bovirie spong|form
encephalopathy through infected meat or meat prpducts

None of the samptles tested was ypequlvocally reactivein
5ays Only two ples were -

both enzyme i
reactive in one or other enzyme immunoassay and.

equivocal inthe other; and nine samples were equivocally
reactive in both enzyme immunoassays. Two hundredand
seventy six samples were initially reactive.in one or other
enzyme immunoassay; the repeat reactivity rate was.15%
orless, 'depenﬂing on the enzyme immunoassay and cut-

off definition. Norie of the samples (ncluding all the 276 .

initially reactive in enzyme immunoassay) that were
investigated by immunohistochemistry or
Immunoblotting was positive for the presence of Prpde,
Conclusions The obseérved preva|ence of PP in tofsils
from the 1961-95 combmed birth cohort was 0/32661
with a 95% confidence interval of 010 113 per miltion. In
the 1961-85 cohort, the prevalence of zero with a 95%
confidence interval of 0 to 289 per million-was lower than; .
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but stilt consistent.with, a previous survey of appendix
tissue that showed a prevalence of 292 permillion with
95% confidence interval of 60 to 853 per million.
Continuing to archive and test tonsit specimens;
especially in olderbirth cohorts, and other
complementary large scale anonymous tissue surveys,
particularly of post-moitern tissues, will further refine th
calculated prevalence of PrP®,

INTRODUCI'ION

Although therisk to the popu!ahon of Britain of dletxr
exposure to the bovine spongiform encephalopath:
agent that causes variant Creutzfeldt-Jakob diseas
(vCJD) has been:virtually eliminated, the occurrenc
to date of four cases of vCJID infection resulting fror
‘blood transfusion has made real the threat of a second
ary epidemic through. healthcare associated huran t
‘human traismission." These céses from blood tran;
fusion have also established the existence of an infe
tive asymptomatic stage in human vCJD. Estimatin
the prevalence of this asymptomwc infective stage

a proportionate public health response to reduce th
risk of healthcare associated transmission,
-Measurement of ‘prevalence in the 1961-85 blrﬂ
cohort is a priority, given that 138 of the 167 cases ¢
vCJD to date in Britain have beenin this group (with 3
* cases in the 1961-9 and 99 in the. 1970-85 birt
cohorts). Data are available from previous analyses ¢
appendix and tonsil specimens for the presence of di:
ease_ related prion protein (designated PrPP)-b
immunochistochemistry and 1mmunoblottmg 5% Th
first study screened 11247 appendxx specimens an
- 1427 tonsil spécimens by inimunohistochemistry an

# foundthree positivesin the appendixes from the 196]

85 birth cohort, giving & prevalenge of! 292 {95% cor
fidenceiniterval 60 to 853) per lhon SA secondstud
found no positives iri '2000. tansil speciméns screene
~byboth :mmunohxstochemnshy ‘andimmunoblotting
- half of these Lonslls »yle.re from. pauents ‘aged ove

”10'
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9 years and hence in the birth cohort likely to have had
dietary exposure to bovine spongiform encephalo-
pathy. Uncertainty about the true prevalence was
increased when back calculation using plausible
assumptions from the observed clinical vCJD cases
suggested a much lower prevalence of sub-clinical
vCJD infection than would be predicted from the find-
ing of PrPY® in three appendixes.®? :

‘The absence of a suitable blood test for PrPYP, and
doubt about the clinical interpretation for a patientof a
positive test result from testing any tissue, created
major organisational and technical challenges for our
large scale prevalence survey of PrP9P. To facilitate
semi-automated enzyme immunoassay screening, we
chose anonymised surgically removed tonsil pairs col-
lected prospectively for the study reported here, rather
than appendix tissue already archived in paraffin
blocks that would have needed more labour intensive
and slower immunohistochemical screening. PrP9® js
known to accumulate to relatively high levels in the
tonsils of people with vCJD, although, because of the
difficulty of identifying such cases, it has not yet been
shown to be present pre-clinically.*®

Commercially available enzyme immunoassay kits
are routinely used for testing for bovine spongiform
encephalopathy, scrapie, and other animal prion dis-
eases; however, when our survey began no validated
kits were available for testing human samples for
PrPA°. We therefore issued a formal tender calling
for manufacturers to take part in an enzyme immuno-
assay selection study and to supply suitable kits. The
companies that responded were each sent two blinded
panels of samples, Two assays, from Microsens and
Bio-Rad, were able to detect brain from vCJD cases
diluted 10™ and spleen diluted 107 into tonsi} homo-
genate {jillian Cooper, personal communication), and
we selected these for use in this study. We now report
the results of testing of the first 63007 specimens from
the intended collection of 100 000 in a national anon-
ymous tissue archive.

METHODS

Test validation :

We obtained unfixed palatine tonsil samples from 32
sheep with scrapie and 10 that were uninfected, as well
as aliquots of unfixed frozen tonsil tissue taken at
autopsy from six patients who died of vCJD. We pre-
pared 12% homogenates from these and tested them
by both enzyme immunoassays after making a dilution
series from 107 to 107 with negative human tonsi)
homogenate. We used a panel of 250 human tonsils
that had been previously tested and found to be nega-
tive by immunoblotting and immunohistochemistry as
examples of “true” negative controls.®

Survey tissue samples

Paired tonsil samples from people of all ages, and from
operations done between January 2004 and September
2008, were collected from hospitals throughout Eng-
land and Scotland. One tonsil of the pair was collected
as fresh tissue chilled to 4C, and the other tonsil was
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collected in formalin. Tonsils arrived at the study cen-
tre an average of 65 (mode 50, median 118) hours after
operation. Once transferred to suitable containers,
samples were stored either at =80C (fresh tissue) or at
room temperature {fixed tissue).

Patients or their carers were given a leaflet explain-
ing the aims of the study and that any result from test-
ing their tonsil could not be traced back to them. An
explicit paragraph and tick box to exercise a right to
opt out of inclusion in the survey was included in the
pre-tonsillectomy consent forms.

Investigatory algorithm

We homogenised a specimen of each tonsil pair and
screened it with both enzyme immunoassays. We
defined samples as “reactive,” “high negative,” or
“negative”by a calculation based on the optical density
readings from enzyme immunoassay. for each miero-
titre plate. A reactive sample was within three standard
deviations of the cut-off, and ahigh negative was within
four standard deviations. We further investigated all
samples that were initially reactive in either enzyme
immunoassay or gave a high negative result in both
enzyme immunoassays by immunoblotting “and
immunohistochemistry. We re-tested any sample that
was high negative in one or other enzyme immuno-
assay by both enzyme immunoassays, and if it gave
reactive or high negative result in either we investi-
gated it further by immunoblotting and immunohisto-
chemistry. On occasion, we repeated immunoblotting
tests with the same and with alternative antibodies.

Definition of a positive result

We defined a tonsil positive for PrP<® as one identified
by enzyme immunoassay that was immunohistochem-
istry positive, had the expected specific protein band
pattern in immuncblotting, or both.

RESULTS

Test performance

At a dilution of 107, 31 of 32 scrapie sheep samples
were reactive in both enzyme immunoassays, and at 2
10 dilution Z1were reactive in the Microsens enzyme
immunoassay and 16 were reactive in the Bio-Rad
enzyme immunoassay. One positive sample - was
detectable only at a dilution of 10™. Dilutions of 10~
and 107 could be detected by immunoblotting.

The six tonsil aliquots from human vCJD cases var-
ied in the amount of lymphoid gerrninal centre tissue.
that was present, as judged by visual inspection.
Depending on the quality of the tissue, PrP9° ‘was
detectable down to a dilution of 107 in the Microsens
enzyme immunoassay and 107 in the Bio-Rad enzyme
immunoassay (table 1). The amount of PrPSP detected
varied, as judged by the optical density values. This
variation may have been due to biological differences
insome cases, butanimportant con‘txibufory factor will
have been the quality of the available tissue. Immuno-
blotting of aliquots of the vCJD.samples showed that
the expected specific band patterns of PrP® were
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R Samples (n=63 007)." i B Rt

i

o

Bio-Rad

T e -

Microsens % Microsens, }

B!

Dual* higri

Bio-Rad - | i i Dual” ! {' 3
reactive ] high negative} i EIA reactive 1.5 ‘negativeor. .| reactive | ° high negative
n=101) i o (ne160) (=0) .~} "reactive/high | (n=174) {n=478) . {2
eyt P fegative . [T oo
]

(n=11)

Enzyme immunoassay screening of human tonsil tissue homogenates for PrP® *Dual enzyme
immunoassay (EIA) reactive samples gave optical density readings above the cut-off classified
as ‘reactive” in both Bio-Rad and Microsens tests; dual high negative or reactive/high negative
samples gave optical density readings above the cut-off classified as *high negative” in both
Bio-Rad and Microsens tests or was reactive in one and high negative in the other. All EIA
reactive samples and most high negative samples were subject to both immunoblotting and
immunchistochemistry testing (see text)

detectable. The sensitivities of the enzyme immuno-
assays were comparable to the immunoblotting results.

Survey specmens collected ~
Between January 2004 and October 2008, 2 total of
67696 tonsil pairs had been archived after collection
from 134 hospital trusts throughout England and Scot-
land. We received forms without tonsil tissue for 1426
patients who objected and 762 in whom clinical pathol-
ogy examination had been requested. All regions of
England contributed samples, and 5651 came from
Scotland between January 2006 and September 2008.
We also tested another 2015 anonymous specimens,
from tonsillectomies done in the southeast of England
between July 2000 and August 2002, of which half
were from patients aged over 9 years at operation,
and that were untested as part of an earlier survey.®

Table 1|Enzyme i

results on tonsil tissue from six variant Creutzfeldt-

Jakob disease (vC]D) cases (including samplé of brain from one case)*: highest dilutions for
reported result i

Wi

8io-Rad .. - . Mlzrdseﬁs‘
Optical s ‘ Optical B
Dilutiont density interpretation ) density Interpretation
Sdeclmén 1: .
Tonsl 1072 0.06 ngﬁ negative, 0.12 Reactlve
Braln 107 0.39 ~Reactive 0.08 - Reactive
Specimen 2: s .
Tonsll 1072 0.04 Negative 0.11 -~ Reactive
Specimen'3:
Tonsi{ 1072 0.06 High negative S 020 Reactive
Specimen 4: .
Tonsit 107 0.04 Negative 0.10 Reactive
Speciren 5: .
Tonsit 107 0.04 Negative L 0.09 Reactive
Specimen 6:
7 Tonsil 107 0.13 Reactive 021 . Reactive
i *Three specimens supplied by National CJO Suvvelllan:e Unit (including palred tonsil"and brain) and three by
MRC Prion Unit,

1Dilution from 12% homogenate (10%; 107 di]ulion is therefore equivalent to 0.012 g/mt vCID tonsil tissue
homogenate; as dilution is In negative homogenate, total tissue cancentration was 0.12 g/ml for all samples

tested,
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* negative by immurichistochemistry.

Enzyme immunoassay screening results

By the end of September 2008, we had screened 63 00
samples with both enzyme immunoassays and, wher
indicated, completed investigatory testing (figure).

In one or other of the enzyme immunoassays, 27
samples gave an optical density defined as reactive an
638 were classed as high negative (figure). To defin
the repeat reactivity rate by enzyme immunoassay
we retested 487 reactive and high negative sample
by enzyme immunoassay at the beginning of the pro
ject, before immunohistochemistry and immunoblot
ting confirmatory testing. The repeat reactivity rats
was 15% (7/48) for the initially reactive samples anc
3.5% (4/116) for the initially high negative samples ir
the Bio-Rad enzyme immunoassay. The equivalent fig
ures for the Microsens enzyme immunoassay were
12% (7/60) and 10% (26/263). All initially reactive
samples and any initially high negative samples tha
gave a repeat reactive or high negative result \
enzyme immunoassay were subject to immunohisto
chemistry and immunoblotting confirmatory testing
Any samples that were initially reactive or high nega
tive but which were not repeat tested by enzyme immu:
noassay went directly for immunohistochemistry anc
immunoblotting (figure).

No samples were clearly reactive in both enzyme
immunoassays. One was reactive by Microsens and
high negative by Bio-Rad, and another was reactive
by Bio-Rad and high negative by Microsens. Nine
were high negative by both the Microsens and Bio-
Rad enzyme immunoassays. Seven of these 11 samples
were methionine homozygote at codon 129 of the
prion protein gene (PRNP and four were heterozy-
gote; only four (three homozygote and one heterozy-
gote) were from peaple born before 1996 and therefore
likely to have had dietary exposure to bovine spongi-
form encephalopathy.

Immunoblotting results ?
We demonstrated satisfactory immunaoblotting perfor:
mance, using two different protocols in two separate
laboratories, by testing the tonsil tissue taken at
autopsy from vCJD patients, as well as by spiking
experiments using scrapie sheep tonsil tissue, scrapie
infected hamster brain, and human vCJD brain tissue.

None of the survey sub-sample investigated by
immunoblotting gave a protein banding pattern con-
sistent with the presence of PrP°. Some samples that
showed a single band, which was not consistent with
any expected pattern, were re-tested by immunoblot-
ting either with the same antibody or with different
antibodies, including 3F4 and 2 secondary antibody
designed to reveal non-specific antibody interactions.
Only one sample still showed a single immunoblotting
band; it was methijonine fmmozygote_gt codon 128.and
from a patient in the 1986-90 birth cohort, and-it was

imrﬁunohis_tochemistry results )
More than 800 tonsils, selected on the basis of the
enzyme jimmufioassay results, have been investigated
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by immunchistochemistry in one or other of two
experienced laboratories, and none was scored posi-
tive for PrP<®,

Prevalence estimates

Overall, 32661 (52%). of the 63007 samples tested
came from people born in 1995 or earlier who were
alive at the time when bovine spongiform encephalo-
pathy contaminated meat was being consumed
{table 2). The observed prevalence of PrP® in this
group was zero (95% confidence interval 0 to 113 per
million). Combining the 1986-90 and 1991-5 cohorts
gave a prevalence of zero with an upper 95% confi-
dence limit of 185 per million. The prevalence in the
combined 1996-2000 and 2001-7 unexposed cohorts

was also zero with an upper 95% confidence limit of -

122 per million.

Although the zero per million prevalence seen in the
1961-85 cohort (upper 95% confidence limit 289 per
million) was different from the 292 per million (95%
confidence interval 60 to 853 per million) found in
the earlier survey of appendix tissue,’ the 95% confi-
dence intervals for both surveys overlapped (a formal
comparison of the prevalence estimates givesa Pvalue
of 0.09).

DISCUSSION

Initial results from testing the tonsil specimens in a
national anonymous tissue archive have shown the
prevalence of PrPP® to be zero in 63 007 overall and
zero in 12753 in the birth cohort in Britain in which
most cases of vCJD have occurred. Interpretation of
this finding, and of the difference between it and the
carlier survey of appendix tissue, depends critically
on three factors: the sensitivity of the test system cho-
sen to screen the tonsil specimens, the representative-
ness of the sample specimens of the people most
vulnerable to vCJD disease, and the niatural history of
the infectivity of bovine spongiform encephalopathy
in individual patients, particularly the time when
PrPP first appears pre-clinically in tonsil compared
with appendix tissue and how long it persists.

Table 2|Prevalence of disease related prion protein (PrP'°) in Britain by birth cohort
(posmve/tatal rate per mitlion with 95% confidence intervals*)

Biith sfont

Earllerf {1995-9) riational tissue suwzy

Current {2004 3 p

mber 2008)

national tissue survey: tonsils Appendices . Tonsils

1940 and before NA NA 0/225
1941-60 NA 0/573 0/266
1961-85 0/12753; 0 (0to 289) 3/10278;292(60t0853) 0/694
1986-90 0/9 564; 0 (010 386) 0/396 0/119
1991-5 0/10 344; 0 (0ta 357) NA 0/106
1996-2000 0/1%5 708; 0 (0t0 253) NA 0/17
20017 0/14 638;0 (010 252) NA NA
Total 0/63007; 0{0t0 59) 3/11267:267{5510779) 0/1427;0{(0to 2

: ' - 582)
NA=not available,
*95% c only when exceeds 1000,

1Data from separate tissue survey of 2000 tonsils (uly 2000-August. 2002) in southeast England (including

London)® not Included.
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Test sensitivity
Three experiments investigated the sensitivity of the
enzyme immunoassays. The first was the enzyme
immunoassay selection study, the second was the inter-
rogation of the enzyme immunoassays with tonsil tis-
sue from sheep with scrapie, and the third was the use
of tonsil tissue from patients who died from vCJD.
Overall, these indicated that the Microsens enzyme
immunoassay was more sensitive than the Bic-Rad
enzyme immunoassay for detection of PrP9® in lym-
phatic tissue. The most sensitive detection was by the
Microsens enzyme immunoassay with a sample con-
taining 12 pg vCJD tonsil tissue; the equivalent for
the Bio-Rad enzyme immunoassay was 480 pg vCJD
tonsil tissue (table 1). When used for screening, 12 000
g tonsil tissue was applied to-the Microsens enzyme
immunoassay and 48 000 g to the Bio-Rad enzyme
immunoassay. Therefore, the two enzyme immunoas-
says should have been sufficiently sensitive to detect
PrP9® in tonsils from asymptomatic people incubating
vC]D iflevels of PrPYP were a 10th to 2 1000th of those
in patients with symptoms. )
The dual enzyme immunoassay tonsil screening
protocol may be at least as sensitive as any other
large scale testing for abnormal prion protein that
could have been used. The enzyme immunoassays
use different test principles and- antibodies, perhaps
reinforcing the sensitivity of each. Reading of the
results was automated, and we used a range of controls

" on each 96 well plate of tests. We deemed the use of a

single enzyme immunoassay cut-off value as com-
monly applied to screen a population with many posi-
tives to be inappropriate, as this particular set of
samples was expected-(and found) to be overwhel-
mingly negative. Therefore, we calculated the cut-off
value for each plate individually, and this method
almost doubled the number of specimens.that were
selected for further investigation by xmmunoblomng
and immunohistochemistry.

Several reasons exist why a specimen could have
given a false high (reactive or high negative) optical
density reading in either or both enzyme immuno:
assays: inadequate proteinase K digestion of PrP< (the
normal cellular form of PrP) for the Bio-Rad enzyme
immunoassay, inadequate removal of PrP° bound to
the capture polyanion for the Microsens enzyme
immunoassay, non-specific antibody interactions
owing to the high antibody concentration in tonsi] tis-
sue, and poor sample quality or technical failures.
Therefore, applying .more specific immunobiotting
and immunohistochemistry tests to confirm whether
PrP9° was present was essential.

In comparison with immunchistochemistry, the
volume of tonsil tissue screened by enzyme immuno-
assay was relatively large. Immunohistochemistry on
appendiy tissue may also be less specific than immuno-
blotting, so that prcvalencc estimated by immunohis-
tochemistry screening may tend to overestimate the
true situation.” However, to tackle the lingering uncer-

tainty that screening immunohistochemistry might be
* more sensitive than dual enzyme immunoassay
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screening, a further study to re-test 10000 of the
archived tonsils by immunohistochemistry has been
commissioned. These 10000 samples comprise those
from patients in the 1961-85 birth cohort, as well as any
samples that gave optical density readings above the
cut-offs in either of the two enzyme immunoassays.
The results from this major undertaking should be
available some time during 2009.

Two of the three positive samples in the retrospec-
tive immunohistochemistry study of appendix tissue
were valine homozygous at codon 129 of PRNPSY
Therefore, we can be confident that the antibodies
used in our immunohistochemistry analysis would
have showed PrPYP in a valine homozygote if it was
present. The-antibodies used in the enzyme immuno-
assay and immunoblotting would similarly be likely to
detect PrPYP in 2 valine homozygote and, by exten-
sion, PrP%® in a heterozygote. Although the immuno-
blotting profiles of valine homozygote -and
heterozygote vCJD are unknown, they may be
expected to consist of three or four glycoforms.”’ The
jmmunoblotting ‘profile of the spleen in a case of
asymptomatic vCJD infection in a heterozygote

. patient' showed similarities to that in clinical vCJD

spleen samples in methionine homozygote patients,
with a predominance of the diglycosylated band.* We
did not observe by immunoblotting any pattern similar

to any recognised profiles in sporadic CJD or

sample from the 1961-85 birth cohort had their apper
dixes removed (during 1995-9) until our sample ha
their tonsils removed (mostly in 2006-7)—10 yea
during which abnormal prion protein levels might b
expected to have increased rather than diminishec
Within this birth cohort, however, the average age ¢
appendicectomy was estimated to be four years olde
than the average age of tonsillectomy, so the averag
duration of the opportunity for PrP® to increas
between the appendicectomy samples and the tonsi

_ lectomy samples would have been about six years. O

the other hand, the relatively older appendix sampl
that was collected earlier may conceivably have cor
tained a wave of infectivity in the 1961-85 cohortof th
British population that was not present in the younge

- tonsil group that was sampled later.

vCJD."*!¢ The only repeatedly anemalous immuno-

blotting pattern seen was of a single immunoblotting
band in an immunohistochemistry negative sample,
which was methionine homozygote at codon 129 of
FPRNP. ) .

'Representanveness of samiple

The age and sex characteristics of the samples in our
study reflected the current age and sex distribution of

people having tonsillectomy: 72% of these born in

1995 or earlier in our survey were female, ‘compared
with 48% of those born since 1995. Although only 44%
of vCJD cases to date have been in women, we do not

Detailed information on previous operative histor;
was sought on every vCJD case diagnosed in Britsir
Seventeen of 167 patients were reported to have h{
tonsillectomy; 14 of these were in the 1961-85 birt
cohort, and the remaining three were in the pre-196:
birth cohort. None was likely to have had specimen
included in this or the earlier tonsil survey (Heste
Ward, personal communication).®

Natural history -

While PrP9® hasbeen found consistently by immuna
blotting and immunohistochemistry in tonsil tissu:
‘from patients with vCJD,"#%"% PrP9% in a tonsil fron
an asymptomaticperson has yet to be reported. Given
however, that tonsillar tissiie has been shown to: accu
mulate PrP* before the onset of clinical diseaseinnon

- human primates and well before the onset:of dlinica

disease in sheep experimentally infected. orally witl

. bovine spongiform encephalopathy,® we considere«

think that the predominance of females in our older,

sample of tonsils could have biased our findings with
respect to prevalence of PrP@P,

Given the very strong association between PrP9®
and people who are homozygous for methionine at

PRNP codon 129, it is important to note that our sam- .

ple was likely to have been representative of this

- genetic susceptibility: an analysis of 466 of the tonsils

in our survey showed 47% to be methionine homozy-

gotes at codon’ 129, consistent with what was"

- expected:'**** Therefore, of the 32 661 tonsils tested

tonsil tissue to be a reliable substrate for a survey o
prevalence in humans. Also, the use of fresh tonsil tis
sue allowed mare comprehenswe laboratory testing, i
necessary, after the initial screening assays. &
PrPY® has been observed to accurnulate in append
tissue in vCJD (19/20 positive/tested)**** and, in tws
cases, before symptoms developed.*?** Howevery dat:
on the timing of the appearance of PrP® in differen
peripheral lymphoreticular tissues during the pro
loniged incubation period of vCJD are sparse..Thi
rate of accumulation of PrPY™ in tonsil and appendi:
tissue could differ such that the findings.of surveys o

" appeadix and tonsil tissues would also differ. The posi

from people born before 1996, approximately 15351 -

(47%) would have been' from methionine homozy-
gotes
Several differences must be considered when com-

. parmg results between surveys. First ,and foremost is

that previously appendix lssies weie screened by

‘tissue by enzyme immunoassay. Secondly, an average

of 10 years elapsed between when the previous large .
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tive samples found in the appendix survey presumablw
came from people who were infected a relatively shor
time earlier, during the peak of the bovine sponpf_om
encephalopathy epidemic’ Moreover, should th
incubation period for prion disease be considerabl;
Jonger in people with different genotypes, uncertainty
about the timing of the appearance of defectable PrPPF

-in these will increase, with concomitant implication

‘lmmunohxstochemlstry, whereas ‘we screened tonsil -

for the mterpretauon of result.s of PrP9P prevaleno
surveys.
.Animal éxperiments have shown that h:gh infectiv

ity, and irideed disease, can be present iz the abserice o

-

-

detectable pro PrP5! The extent &«

K resist:
]

A . . pa&id‘
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Statistical back calcutation besed on cases of vCJD to 2004 has given estimates of between
10 and 190 further clinical cases over the next few decades

A study of archived appendix and tonsil tissues found a prevalence of lymphoreticular
accumulation of pathogenic prion protein consistent with the existence of between 520 and
13000 syb-clinicat cases

Therefore, a discrepancy exists between estimates, which reeds to be resolved to ensyre that
proportionate public health measures are implemented

WHAT THIS STUDY ADDS

Testing of tissue from more than 63 000 tonsits, of which 12 763 were from the 1961-85 birth
cohon, has not shown evidence for the presence of the pathogenic form of the prion protein

The prevalence of sub-clinicat vCiD infection in Britain may be lower than that given hy

Bevmus estimates, with an upper limit of 289 per million in the 1561-85 birth cohort |

which this observation can be generalised is, however,

\ unclear, as PrPY® has been shown to be present in the
lymphoid tissues of all vCJD patients tested.**’ If other,
more reliable, indicators of vCJD become available,
screening the existing samples with tests for these mar-
kers, and thereby determining whether any vGJD posi-
tives have been missed by looking only for PrP9°, may
be possible.

Data from animal experiments also show “clear-
ance” of abnormal prion protein after inoculation ¥ %2
Therefore, the abnormal prion protein found in the
earlier survey of appendix tissue may conceivably
have been transient and eventually cleared without
leading to disease, so that the appendix survey result
would not have been replicated by the later tonsil sur-
VE)’.

Conclusion

We tested more than 32 000 tonsils from people in the
age range most exposed to meat contaminated with
bovine spongiform encephalopathy, and believed to

larger sample set of the people most exposed to the
bovine spongiform encephalopathy agent
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