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Guidance for Industry

'Recommendations for Management of Donors at Increased Risk for
- Human Immunodeficiency Virus Type 1 (HIV-1) Group O Infection

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. If you want to discuss an alternative
approach, contact the appropriate FDA staff. Ifyou cannot identify the appropriate FDA staff,
call the appropriate number listed on the title page of this guidance. '

1.~ INTRODUCTION

We, the Food and Drug Administration (FDA), are providing you, blood and plasma
establishments, with a revised list of countries that should-be included in questions for
identifying donors at increased risk for HIV-1 group O infection, We are also providing you
with recommendations for discontinuing the use of some questlons used to identify these donors.
and for management of donors previously deferred. :

This guidance supersedes the memorandum entitled “Interim Recommendations for Deferral of

Donors at Increased Risk for HIV-1 Group O Infection,” dated December 11, 1996 (Ref. 1).
That memorandum contained interim measures to reduce the risk of HIV-1 group O transmission
by blood and blood products pending licensure of test kits specifically labeled for detection of
antibodies to HIV-1 group O viruses. Now that an FDA-licensed test for detection of antibodies
to HIV-1 group O viruses is available, those interim recommendations are'no longer current.

FDA'’s guidance documents, including this guidance, do not establish legally 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 guidances means that something is suggested or- -
recommended, but not required.

II.. . BACKGROUND

The first report coﬁﬁnning the idéntification of HIV-1 grou}5 Oin patients from Centrai and

" West Africa was published in 1994 (Ref. 2). That same year, the Centers for Disease Control
~ and Prevention (CDC) reported findings of a study indicating that several FDA:licensed HIV -
antibody screening tests were unable to detect one or two of eight group O sera (Ref, 3). Tests

based on recombinant antigens and synthetic peptide. anugens failed to detect at least one . -
specimen, whereas three of the fivé tests based on whole virus lysate antigens detected all

- specimens,
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In June 1994, in response to the inability of some FDA-licensed HIV antibody assays to detect
HIV-1 group O sera, FDA Blood Products Advisory Committee (BPAC) recommended that
manufacturers modify their test kits to include detection of HIV-1 group O in clinical specimens.
Since then, we have requested manufacturers of HIV-1 assays to include group O specific
antigens or sequences in their test kits to detect antibodies to HIV-1 group O or HIV-1 group O
nucleic acid. We also requested that manufacturers test HIV-1 group O specimens in their
clinical trials to obtain a specific claim of sensitivity for group O for their test. These requests
were initially conveyed to manufacturers as letters to their Investigational New Drug .
Applications (INDs) and Product License Applications (PLAs), currently referred to as Biologics
License Applications (BLAs).

In 1996, FDA issued the memorandum “Interim Recommendations for Deferral of Donors at
Increased Risk for HIV-1-Group O Infection,” to reduce the risk of HIV-1 group O transmission
through blood and blood products. In that memorandum we recommended the inclusion of

. questions related to HIV-1 group O risk in the donor history questionnaire pending the licensure
of test kits specifically labeled for detection of antibodies to HIV-1 group O viruses. These
direct questions inquire as to whether the donor was bom or resides in specific West and Central

African countries where HIV-1 group O is prevalent, or had a history of travel to these countries,

a history of blood transfusion or medical treatment since 1977 in these countries, or sexual
contact since 1977 with anyone who was born or lived in these countries. We also recommended
in the 1996 memorandum that donors who gave an affirmative response to one or more of the
questions in the donor history questionnaire related to HIV-1 group O risk be indefinitely
deferred pending licensure of test kits specifically labeled for detection of HIV-1 group O.

Since the identification of the first two HIV-1 group O cases in the United States (U.S.) around
1996 (Refs. 4, 5) there have been no additional group O cases that have been conclusively
identified in the U.S. HIV-1 group O infection in the U.S. continues to be extremely rare.

In August 2003, FDA approved the biologics license application for the first donor screening test
specificall J labeled as sensitive for detection of antibodies to HIV-1 group O, the Genetic
Systems™ HIV-1/HIV-2 Plus O EIA. Blood and plasma establishments, manufacturers and
testing laboratories that are implementing a licensed test that is sensitive for HIV-1 group O -
antibody detection may use this test to screen blood and plasma donations for antibodies to HIV-
1 and HIV-2, including HIV-1 group O. Other assays for HIV-1 group O detection are under
development and if approved by FDA, may be used when available for screening blood and
plasma donations.

The list of countries included in the interim recommendations in the 1996 memorandum included
Cameroon and countries adjacent to Cameroon (Central African Republic, Chad, Congo,
Equatorial Guinea, Gabon, Niger, and Nigeria). However, subsequent reports indicated the
presence of HIV-1 group O in countries in Africa that are not adjacent to Cameroon, including
Senegal, Togo, Zambia, Benin, and Kenya (Refs. 6-8). In addition, the country formerly named
Zaire, recently renamed Democratic Republic of Congo, has not identified any cases of HIV-1
group O infections thus far, but the name of the country might be confused with the country of
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Congo where HIV-1 group O has been identified. As aresult, we recommend revisions to the
list of countries of origin or residence where HIV-1 group O is endemic that is used to identify
potential donors who are at increased risk of group O infection (see Figure 1 and Table 1).

With the availability of a licensed donor screening test that is sensitive for antibodies to HIV-1
group O; donors who were previously deferred may be eligible for reentry after a waiting period
of one year and may be reentered if a current donation from the donor is found to be non-reactive
us;ng a group O sensitive anti-HIV-1/2 test.

II. RECOMMENDATIONS

A Revised Questions to Identlfy Donors at Increased Rlsk of HIV-1- Group 0]
Infection

We recommend that the following questions be mcluded in the direct questlons on high
risk behavior in the donor history questionnaire’ to exclude donors who are at increased
risk for HIV-1 group O infection:’ '

1. Were you born in or have you lived in‘any of the following countries sirice
1977:  Cameroon, Benin, Central African Republic, Chad, Congo, Equatorial
Guinea, Kenya, Gabon, Niger, Nigeria, Senegal Togo, or Zambia? If so, when?

+ 2. Ifyou have traveled to any of those countries since 1977, did you receive a
blood transfusion or any medical treatment with a product made from blood? If
so, when? - .

3. Have you had sexual contact with anyone who was born in or lived in these
_ countries since 1977? If so, when?

"We recommend that you defer indefinitely a potential donor who gives an affirmative
. "answer to any of these questions. Donors deferred on this basis (or previously deferred
. consistent with FDA’s 1996 memorandum on “Interim Recommendations for Deferral of
Donors at Increased Risk for HIV-1 Group O Infection™) may be considered for reentry
one year after their last potential exposure to HIV-1 Group O as determined by their
responses to the above donor questions, in accordance with the recommendatlons below
in II1.C,

B. Discontinuation of the Questiens that Address HIV-1 Group O Risk

If you implement a licensed anti-HIV-1/2 test for donor screening that is specifically
labeled in the “Intended Use™ section of the package insert as sensitive for detection of
HIV-1 group O antibodies, you may discontinue use of the questions in section III. A,

.1 Establishments that have implemented the AABB (formerly known as the American Assogiation of Blood Banks) N

full-length donor history questionnaire (DHQ) and accompanying materials should question donors concerning
possible exposure to HIV-1 group O virus using the capture question approach developed for this protocol. .
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that address HIV-1 group O risk. If you hold a biologics license, you must report this
minor change in an annual report (section 601.12(d) of Title 21 Code of Federal
Regulations (21 CFR 601.12(d}).

FDA recognizes that by implementing these measures, the safety benefit of the deferral
due to potential group O risk is being replaced by the greater safety benefit of the group
O sensitive test in a setting of low overall risk to blood safety. We believe these
measures are warranted given the rarity of Group O infections in the U.S. as indicated by
CDC data (Refs 4, 5). The risk for individuals to acquire HIV-1 group O by sexual
exposures in the U.S. appears to be remote given the rarity of HIV-1 group O in this
country.

C. Reentry of Donors Deferred on the Basis of a Response to HIV-1 Group O
Risk Question(s)

A donor who was deferred because of a previous or current affirmative response to one or
miore of the questions in the donor history questionnaire related to HIV-1 group O risk
may be eligible for reentry after a waiting period of at least one year following the date of
the donor’s last potential exposure to HIV-1 group O. The donor may be reentered if:

1. a current donation from the donor is tested and found non-reactive using an
anti-HIV-1/2 screening test that is specifically labeled in the “Intended Use”
section of the package insert as sensitive for detection of HIV-1 group O
antibodies, and

2. the donor meets all other donor eligibility criteria®.

? Since individuals who travel to an area considered endemic for malaria by the Malaria Branch, CDC, are deferred
from donating Whole Blood and blood components for one year following their departure from the endemic area,
and since the areas considered endemic for malaria include the countries in which HIV-1 group O has been
identified, the current deferral for donors potentially exposed to malaria includes donors potentxally exposed to HIV-
1 group O while in Africa.

Contains Nonbinding Recommendations
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Table 1. Current and Previous List of Countries with HIV-1 Group O Risk

Current List of Countries Previous List of Countries
Cameroon Cameroon
Central African Republic Central African Republic
Chad Chad
Congo Congo
Equatorial Guinea Equatorial Guinea
Gabon Gabon
Niger Niger
Nigeria Nigeria
Senegal
Togo
-Zambia
Benin
Kenya’
6
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- sons in areas of Europe and Asia to which TBE is endemic.
) q.wm<. occurs in natural foci characterized by ecologic hab-
" itats favorable for ticks, especially in wooded areas within

Tick-borne
Encephalitis
from Eating Goat
-~ Cheese ina
Mountain Region
| of Austria

Heidemarie Holzmann, Stephan W. Aberle,
Karin Stiasny, Philipp Werner, Andreas Mischak,
‘Bernhard Zainer, Markus Netzer, Stefan xovv_.
Elmar Bechter, and Franz X. Heinz

We report transmission of tick-borne m:oouzm__ﬁ._m virus

- (TBEV)'in July. 2008 through nonpasteurized goat milkto 6
- humans and 4 domestic pigs in an alpine pasture A 500 m.

above sea level, This outbreak indicates the émergence of -
ticks and TBEV atincreasing altitudes in central mcaum and

. the efficiency o* oral transmission of TBEV.

- .1_”4.% -bome n:nouru_za virus (TBEV) is a. E:.:w:..

pathogenic flavivirus that is endemic <o many Euro-
pean countries and to parts of central and eastern Asia (/).

"+ Even though vaccination can cffectively prevent TBE (2), .

>10,000 cases -are reported annually for hospitalized per-

the 7°C isotherm (3).
is tick bites, but TBEV

major route of virus transmission
50 can be transmitted during con-

. sumption of nonpasteurized milk and milk products from
infected animals, primarily goats (3). Outbreaks resulting
. from oral virus g‘m-_ma_mm_os ‘are rare in-central Europe but

more common in. eastern Europe.and the Baltic states (3).
Our investigation of TBEV transmitted 3. milk from a goat
in an alpine pasture in a mountainous region provides evi-
dence for a changing TBEV epidemiology in central Europe

and the axuuzmmoz of ticks-and TBEV to hi gher regions. °

The Study
" We investigated a TBE outbreak, non..v_._m:._m 6 cases,
in a mountain qnm.oz in soﬂna Austria in July 2008. ._.rn
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index case onnE.Sn_ ina 43-year-old shepherd who :ma .
stayed for 24 days at his alpine pasture (1,564 m above sea
level) before he was hospitalized for nonbacterial urethritis -
and nonspecific influenza-like symptoms (including pain in
the lower. abdomen and-legs), followed by clinical signs

- of meningitis. TBEV infection was confirmed serologically

by ELISA demonstration of specific immunoglobulin (Ig)
M and IgG in serum and cerebrospinal fiuid. The patient
did not remember a tick bite but had eaten self-made cheese
prepared from a mixture of nonpasteurized goat milk and
cow milk 8-11 days before illness onset; further investiga-
tion found 6 additional persons who had eaten the same
cheese (Figure). For 5 of them, recent TBEV infection was
serologically proven (Table). For 3 of these persons (2 men,

-44 and 65 years of ‘age; and 1 woman, 60 years of age),

similar to the index patient, a typical biphasic course and
symptoms of TBE Azo_._muoo_mn flu-like symptoms followed
by fever, cephalea, meningism, and ataxia after 4-10 days)
developed and they were hospitalized. The 2 other persons
who had caten-the cheese (female, 37 and 7 years of age)
were clinically asymptomatic. The noninfected person had *
vomited shortly after éating the cheese canmﬁo of a gastric ..
banding. None of the infected persons rna been <u8522_
against TBEV. )

- The cheese was _u_‘nvuqaa from a,mixture of fresh milk -
from 1.goat and 3 cows and was eaten shortly after produc- -
tion. Detection of .ﬁwm<.%oo_mo rnaumm_ﬁsu:o: inhib- " -
iting-(HI) .and =o=5___u_=m antibodies in 9« ‘goat's serum -

.proved infection in the goat;: the 3 cows were ma_.oanw?
tive for TBEV, At the time of this _=<nmcmm:o= (1 month

after cheese u..oacnconv TBEV ‘was already undetectable
by PCR in serum and milk of the goat. Cheese from the 3
batches produced after the ooiwa_:ﬂan cmnor was TBEV
négative by PCR. The original o:nomo was no longer avail- -
.able mo_‘ testing. .
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DISPATCHES

" Table. Infection parameters of 7 persons exposed ta TBEV by eating

nonpasteurized goat cheese, Austria, 2008

Virologic parameters TBEV
Sex/  Incubation, . Hospitalized, _TBEVELISA  TBEV infection
age, y d Symptoms/signs Diagnosis d Material oM 19G NT  confirmed
W43 11 Fever, cephalea, meningism, ME 18 Serum Pos  Pos Pos Yes
aseptic urethritis; CSF: CSF Bor Pos
pleocytosis .
M/65 10 Fever, cephalea, meningism, ME 30 Serum Pos  Pos Pos Yes
vertigo, cerebellar ataxia; CSF; CSF Bor Bor ’
pleocytosis
F160 14 Fever, cephalea, meningism, ME 25 Serum  Pos Pos Pos Yes
. vertigo, cerebellar ataxia; CSF: CSF Pos . Pos .
] pleacytosis .
Mi44 9 Fever, cephalea, meningism, ME 9 . Serum _Pos  Pos Pas Yes
vertigo, cerebellar ataxia; CSF: CSF Pos Bor :
pleocytosis
Fi37 ' 'NA : None NA 0 Serum Pos  Pos Pos Yes
F7- . NA None NA 0 Serum  Pos Pos - Pos Yes '
Flas ¢ NA None NA . 0 Serum Neg -Neg Neg No
*TBEV, tick-bome enoephallds virus; NT, neutrahzauon test; CSF cerebrospnnal fluid; 1g, immunoglobulin, ME, ingi phalilis, pos, positive;

bor, bordeﬂln& NA, notangble‘ neg, negal \We

The 4 domestlc pigs kept at the alpmc pasture and fed
* with the whey and goat milk, however, Were seropositive
(TBEV HI- and neutralizing antibodies detected), which
indicated TBEV infection, but no clinical signs were ob-
served. Infection with TBEV has been reported-in wild
boars (4,5). Serum samples from 105 goats from pastures
‘in the neighborhood also were investigated for TBEV-spe-
cific annbodlcs all goats were seronegative.

Conclusions

Our analyses showed that the 6 humans.and the 4 pigs
were infected through the milk of 1 goat, which had been
transported.by car from a TBE-nonendemic valley to the
‘alp 12 days before production of the TBEV-contaminated
cheese. Experiments have demonstrated that infected do-
mestic animals (i.c., goats; sheep, and cows) can excrete

:... - TBEV'int6 milk for ~3~7 days, beginning. as early as the

'second or third day postmfecuon (6-9)..In addition, al-
though cheese was produced once or twice each week, only
this'=1-kg batch of cheese transmltted TBEV, Therefore,
.all the evidence indicates that the goat was infected at the
alpme pasture at an altitude of 1,564 'm. Indeed, some ticks
were collectéd from cows that had stayed at this altitude
during the entire summer. - Analyses of these ticks for TBEV
-by PCR, however, yielded only negative results.

Our findings provide further evidence for the expan-
sion of TBEV-endemic regions to higher altitudes in cen-
tral Europe. For example, longitudinal studies in the Czech
Reptiblic, a country with similar climatic and ecologic con-
ditions to those of Austria, showed.a shift in [rodes ricinus

ticks and TBEV, from 700.m in 19811983 t0 1,100 m.al- -

titude in 2001~2005 (10,17). Likewise, Zeman and Bened
demonstrated that the maximum altitude at which TBEV

s found in the Czcch Republlc gradually moved upward

1672 S "Emerging Infectious Diseases « wwwi.cdc,
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during 1970—2000 correspondiﬁg to therise in tempera-
ture during the same period (/2). In Scandinavia, a north-

ward extension of the geographi¢ range of I ricinus ticks -
and TBEV since the mid-1980s has also been recognized .

(1,43-15). Climatic changes most likely are the major driv-
ing forces for the geographic changes in the distribution of
TBEV and its main vector, I. ricinus, in Europe:

This report also ‘emphasizes. the efficiency of oral
transmission of TBEV to humans-and to pigs. Six of the 7
persons who ate the cheese and all 4 pigs fed residual milk
or whey from the same cheese became, infected. Given the

excellent effectiveness of the TBE vaccine (2), vaccination .

probably could have prcvented all 6 human cases.
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. ‘ n . . 0:1,& m=<mm=om=m=m into the outbreak of msnmurm_:w in 1996 in the .mm.‘r_m. state in Indig, an

arbovirus was isolated from a Culex tritaeniorhynchus mosquito pool. It was characterized as'a -
Japanese encephalitis and West Nile virus QOm.m.,mmo.m<m,mGo<mEm by complement fixation test. A
plaque reduction—neutralization test was performed using hyperimmune sera raised against the .’
plaque-purified arbovirus isolate. The sera did not show reactivity with ._mvmzomc ‘encephalitis virus
and were weakly reactive with West Nile virus, Ooav_o»o open reading framé sequence- analysis
characterized the arbovirus as Bagaza virus (BAGV), with 94,80 % nucleotide idéntity with African
~ BAGV strain DakAr B208, Sera collected from the encephalitic patients during the acute phase'of

Received 1 April 2009
Accepted 30 June 2009

iliness showed 15% (8/53) positivity for anti-BAGV _._mc.am__usn antibodies. Thisis the first report.
of the jsolation of BAGV from India. The presence of ant-BAGV :oc:m_n_:u antibodies mcommma X
that the human population has vow: mxuomma {6 BAGV.

“An outbreak of Japanese encephalitis -(JE) was reported

from  the Allapuzza, Thiruvanthapuram and Kottayam
districts of Kerala state, India, during 1996. Only 33 % (50/

. 150) of the sera collected from hospitalized cases were

" confirmed ‘as JE 3. immunoglobulin M (IgM) ELISA.
. #Other’ clinical specimens were not available for further .

* ““investigations. Entomological investigations during the

outbreak were carried .out and 184 mosquito pools
collected - from .the affected area were processed - for
isolation in 2-day-old Swiss mice by the intra-cranial route
(Rodrigues et al., 1980; George et al., 1984). One pool from
Culex . tritaeniorhynchus showed sickness in. inoculated
mice. Brains from sick mice were harvested and suspended
in 10% bovalbumin phosphate saline. . The suspensions
were stored at —70 °C and designated as the arbovirus
isolate (96363). The isolate showed cross- nnuncSQ with
antj-JE virus (JEV) and anti-West Nile virus. (WNV)

immuine sera in a complement fixation (CF) test (Pavri & .
" Ghosh, 1969; Rodrigues et al., 1980; Damle et al, Gmmv.

The GenBank/EMBL/DDBJ accession. number of the Indian mmmwNm
virus isolate sequenced in this paperis EU684972. o

A supplementary figure showing the phylogenetic analysis of BAGV

based on nucleocapsid, membrane, non-structural (NS) 1, NS2, NS3,
NS4 and NS5 gene unncnaoon is available with the online version. of this
umnoq

The isolate did not react with immune sera raised against -
other circulating ‘arboviruses, - induding - Chandipura
(Rhabdoviridae), ~ Sindbis - (Togaviridae),  Chikungunya .
(Togaviridae), Kyasanur forest disease -(Flaviviridae), Batai
EEQ»S.:.%& and Dengue (Flaviviridae) viruses (Paul et -
al., 1970; wommm:nu et al, 1980; George et.al., 1984).

In this study; we present the genetic characterization of the
arbovirus isolate and serological n:&v.m_u of availablé sera
collected from encephalitis patients’ during .1996. The
Institutional Animal’ Ethical Committee nvv.‘oﬁn this
work and ethical guidelines were ‘strictly. followed accord-
ing to their recommendations. The arbovirus isolate was
plaque-purified to rule out the possibility of isolation of
both JEV and WNV from the mosquito pool. The mouse
brain stock of the arbovirus isolate was passaged twice in
porcine stable kidney {(PS) cells to amplify the virus. A
single plaque was selected from the first P$ cell passage and

. then subjected to two. sequential rounds of plaque
purification (total of three plaque-to-plaque, transfers),
followed by amplification in PS cells. The cell culture
supernatant from. PS cells was clarified by centrifugation at
3220 g for 10 min at 4 °C, EonBa:& with 20% fetal -
bovine serum (EBS) and the aliquots were stored at —80 *C
and mﬁ.mn%& as the arbovirus stocks. Generation of the ,
arbovirus virus-specific polyclonal hyperimmune sera,
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Genomic characterization of BAGV isolated in India

plaque reduction neutralization test (PRNT) and genetic
characterization studies were performed using the PS-
amplified arbovirus stocks. Since the CF test characterized
the isolate as a JEV and WNV cross-reactive arbovirus,
PRNTs were performed to determing the antigenic
- relationship among these viruses. An in vitro neutralization
test was carried out using PS-adapted JEV (strain 733913),
WNV (strain 804994) and the arbovirus isolate (strain
96363), as described previously (Bondre et al., 2007). The
- threefold-diluted hyperimmune sera were mixed with 100
p-f-u. of each virus and the infectivity was determined in PS
cells. The serum dilution showing 80% plaque reduction
(NDgo) was considered as a neutralizing end point. As
shown in Table 1, the highest neutralizing activity was

observed with homologous sera. In heterologous neutral-
ization between the arbovirus isolate and WNV, both'

viruses showed cross-reactivity with each other, although
this was weaker than the homologous neutralization. The
JEV-specific hyperimmune sera.did not neutralize' the
arbovirus isolate, even at a dilution.of 1:5.

As the CF test characterized the 96363 isolate as a JEV- and
WNV-reactive arbovirus and the heterologous neutraliza-
tion showed that it had weak reactivity with WNV, we
genetically characterized the isolate. A 1050 nt fragment
from the NS5 region of the sample was amplified by RT-
PCR using flavivirus-specific universal primers that amplify
- the partial NS5 fragment from a number of flaviviruses
" (Kuno, 1998). The genomic RNA of plaque-purified
arbovirus grown in PS cells was isolated using QlAamp
viral RNA kit (Qiagen) according to the manufacturer’s
protocol. The RT-PCR amplification was carried out as
described by Kuno et al.(1998). and the amplified product
was sequenced as described previously (Bondre et al., 2007),
BLAST analysis shiowed 99.90% nucleotide identity (PNI)

with African Bagaza virus (BAGV) strain. DakAr B209,

followed by 95 PNI with Israel turkey meningoencephalitis
virus (ITMV). RT-PCR amplification and complete genorme
scquencing of BAGV-India was achieved by using overlap-
ping primers designed by aligning available flavivirus
sequences from GenBank with crustaL_x. 1.83 software
(Thompson et al, 1997). RT-PCR amplification of overlap-
‘ping genomiic fragments was carried out as described

Table 1. Homologous and heterologous cross-neutralization
test using hyperimmune sera against JEV, WNV -and -arbovirus
(BAGV) isolates .

Serum giving 80 %. plaque reduction was considered to be at the
. neutralizing end point. NDjg, values are given.

previously (Bondre et al, 2007). PCR products were

column-purified (QIAquick PCR purification kit; Qiagen) -

and both strands were sequenced by using a Big Dye
Terminator cycle sequencing ready reaction kit (Applied
Biosystems) and an automated Sequencer (ABI Prism 310
Genetic Analyzer). A 10281 nt genomic sequernice of BAGV-
India (GenBank accession no. EU684972) coding a 3426 aa
complete open reading frame (ORF) was obtained. Multiple
ahgnments of nucleotide sequences were carried out by
using CLUSTAL_X 1.83. The phylogenetic analysis. of the
complete genome sequence of BAGV-Indiz was assessed by

using MEGA (Tamura et al, 2007). For analysis- in MzGa, ‘

Jukes—Cantor and nucleotide maximum composite like-
lihood models were utilized, employing the neighbour-
joining algorithm. The topologies generated in.the neigh-
bour-joining algorithm were confirmed by using the
maximum-likelihood method, as implemented in the
software Treefinder 2008, with the gamma-distributed rate,

-variation with four rate categories (HKY +y4) model oft

nucleotide substitution (Jobb et al, 2004). The reliability of
different phylogenetic groupings was evaluated by using the

bootstrap test (1000 bootstrap replications). The genetic

distance between different viruses was obtained by using the
P-distance model in MEGA. Phylogenetic trees were con-
structed by using the complete genomic sequence of the
Indian BAGV isolate (this study) and complete genomic
sequences (from GenBank) of representative strains from
different genomic groups in the  Flaviviridae. Slmxlar]y,

phylogenetic analysis” of ‘genomic fragments encoding

different proteins — nucleocapsid,  pre-membrane and
membrane, envelope and non-structural (NS) proteins 1-5
~ was carried out to understand the relationship between
African and Indian BAGYV isolates and other flaviviruses.

Comparative analysis of both the Indian and African
(AY632545) BAGV complete: ORF coding nucleotide
sequences showed 94.8 (PNI). The difference of 515 nt
(5.2%) resulted in 77 aa (2.24 %) differences throughout

the ORF of Indian and African (DakAr B209) BAGV#

isolates (Kuno & Chang, 2007). A difference of 20 aa was
documented in the structural protein coding region (14 nt
in the nucleocapsid with 2 aa differences, 40 nt in the
membrane with 13 2a and 73 nt in the envelope with 5 aa},
while a difference. of 57 aa was documented in the NS
protein coding region (71 nt in the NSI region with 8 aa
differences, 50 nt in the NS2 region with 7 aa, 95 nt in ‘the
NS3 region with 9 aa, 48 nt in'the NS4 region with 19 aa
and 119 nt in the NS5 region with 14 aa). Additionally,
compared with BAGV-DakAr B209, one deletion (at nt
7424) and four additions (nt 7438-7439, 7444 and 7463)
were documented in the NS4B région of BAGV-India.

Phylogenetic analysis using the complete sequence of the
Indian BAGV ORF showed that this sequence had-a close

genetic relationship with the African BAGV-DakAr B209" .

strain and clustered together with the Culex mosquito-
transmitted clade on the phiylogram (Fig, 1). Similar tree
topologies were obtained with both models (Jukes~Cantor

and maximum composite likelihood) that were used to .

Virus strain Hyperimmune sera against:
JEV (733913) WNYV (804994) BAGV (96363)
JEV 501 5 LS
WNV <5 239 )
BAGV <5 A 67
http//vir.sgmjournals.org

2645

37

V. P. Bondre and others

190

" 100
[AY632545-Bagaza virus - DakAr B209 - Affica
EU684972-Bagaza virus = Indla .

___: AY632542-Rocio virus
o0 AY632539-liheus virus

AF080251-Japanese encephalitis virus
AF181266-Murray Valley encephalitis virus
DQ211652-West Nile virus
D00246-Kunjin virus.

NC_007580-8t. Louis encephalitis. virus

~— NC_009029-Kokobera virus -
——— AY632536-Bussuquara virus

AY632535-Zika virus

AY762085-Dengue 4 virus
AF208496-Dengue 2 virus
AB189120-Dengue 1 virus
AY7668104-Dengue 3 virus

AY832537-Entebbe bat virus.

U54798-Yellow fever virus
AY632543-Sepik virus

NC_003675-Rio Bravo virus -
NC_003835-Modoc virus

NC_003676-Apoi virus

NC_006947-Karshi virus
LO6436-Powassan virus

AY3 23490—Kyasanur forest disease vnrus o
AY438626-Omsk hemorrhagic fever virus
NC_001809-Louping ilf virus

FJ402886-Tick borne encephalitis virus

o

NC_0018664-Cell fusing agent virus

Fig. 1. Phylogenstic analysxs of the BAGV complete ORF sequence using the nucieotide maximum composite liketihood model

i substlfuﬂons per site.

-, of the neighbour-joining algorithm. Cell fusing agent virus was used as an outgroup in phylogenetic analysis: GénBank
“raccession numbers are given on the fi igure. Numbers at the nodes indicale bootstrap suppor( for; each node Bar, it -

construct the complete ORF sequence based on the
phylogenetic tree obtained by using the neighbour-joining
algorithm. The phylogenetic analysis of individual gene
sequénces coding for nucleocapsid, membrane, NS1, NS2,
NS3'and NS4 showed similar tree topologies, which were
comparable with complete genome sequence-based analysis

(Supplementary Fig. S1, available in JGV Online). The PNI

using nucleocapsid and membrane coding gene sequences
of Indian and African BAGY isolates was 96.00 £ 1.25 and
92.30 1 1.20, respectively. Analysis of the NS proteins NS1,
NS2, NS3 and NS4 of both the BAGV isolates showed
94.4040.70, 95.1040.60; 95.20+0.50 and 95,80 10.60

"~ PNI, respectively. & number of previous phylogenetic

studies on flaviviruses mostly attempted to use envelope
coding scquenccs We also dctemuncd xhe genetic

relationship of BAGV-India using the additional envelope
sequences of - representative rmembers from different
Flaviviridae groups. In envelope sequence-based analysis,
BAGV-India grouped together with the African DakAr
B209 strain (95.90+0.80 PNI) along with other members
of the Ntaya virus group. of the. Flaviviridae (Fig. 2).
Envelope séquence. analysis of the African BAGV strain
(AF372407; Gaunt et al., 2001) showed that it had a closer
relationship (99.00:1+0.40-PNI) with DakAr B209 strain
‘than - BAGV-India (94. 80+170 PNI). ‘Among 'other
. 'members of the Ntaya virus group, ITMV showed-a close
relationship (93.40-9550 PNI) with “all three BAGV
strairis, followed by 2 more distant’ relatxonslup with -
Ntaya virus (76.00-77.00 PNI) and Tembusy viras (74.00~
75.00 PNI) As partxa] NSS scquences from addmonal
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AY453412-Usutu virug

AF080251 -Japanese encephalitis virus

AF404755-West Nile virus

D00246-Kunjin virus

AY632544-St, Louis encephalitis virus
AY632542-Rocio virus

i AY632539-Iiheus virus
AB110494-Tembusu virus

AF372416-Ntaya virus

7 EU684972-Bagaza virus - India
80' AF372407-Bagaza virus - Africa
AY632541-Kokobera virus
AF372413-Aroa virus
— AY632536-Bussuquara virus
AF372422-Zika virus .
AF372412-Spondweni virus
AY632540-Kedougou virus
AF298807-Dengue 1 virus
DQ401695-Dengue 3 virus

49

AY776330-Dengue 4 virus
100 AB114858-Yokose virus
AY632537-Entebbe bat virus

97 U54798-Yellow fever virus
;;E AY632543-Sopikvius
51 - AF372419-Edge Hill virus

86 —~ NC_003675-Rio Bravo virus
98 NC_00363%-Modoc virus
NC_003676-Apoi virus -
DQ235146-Kadam virus
DQ236145-Gadgets Gully virus
NC_006947-Karshi virus -
L06436-P virus

83|

82
NC_003690-Langat virus

NC_001809-Louping ill virus

NC_000943-Murray Valley encephalitis virus

AF372415-Israel turkey meningoencephalitis virus

AYG32545-Bagaza virus DakAr 8209 - Africa

NC 001474-Dengue 2 virus . .

AY323490-Kyasanur forest disease virus

DQ989336-Tick borne encephalitis virus
59! AY438626-Omsk hemorrhagic fever virys
NC_001564-Cell fusing agent virus

Fig. 2. Phylogenetic analysvs of BAGV based on partial envelope sequences. The tree was constructed by using MEGA, by the
_neighbour-joining with nucleotide maximum composite likelihood model. Bootstrap confidence level (1000 replicates) and a
confidence probability value based on the standard error test were calculated using MEGA and are indicated at the nodes. Partial

envelope sequences of additional viruses (where complete genome sequences ‘were not available) were used in. the -

phylogenetic analysis. Cell fiising agent virus was.used as an outgroup in‘phylogenetic analysis. GenBank accession nimbers

are given on the figure, Numbers at the nodes indicate bootstrap support for each node. Bar, nt substlt\_mons per site.

'hhé'//vir.sgmjoumals.qrg
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members of the Flaviviridae were available in GenBank, we
performed separate analysis to determine the genetic
relationship of BAGV-India with these viruses (data not
shown). With NS5 analysis, both the BAGV sequences

" grouped together, with 99.90+0.10 PNI, in the Ntaya virus

group. However, in NS5 sequence analysis, the nucleotide
identities of BAGV and other members of the Ntaya virus
group were comparable with envelope sequence analysis.
BAGYV DakAr B209 and Indian strains showed 95.20-95.30
PNI with ITMV, 76.50-76.60 PNI with Ntaya virus and
75.10-75.30 PNI with Tembusu virus,

We documented one nucleotide insertion and four nucleot-
ide deletions in the complete ORF sequence of Indian and
African BAGV strains. The envelope sequence analysis of an

additional BAGV strain from Africa indicates a- closer

genetic relationship with BAGV DakAr B209 than the Indian
BAGYV strain. These data indicate independent circulation of

" both the African and Indian isolates in different geograph-
.ical areas. Although the time and mode of introduction of

BAGV in India-is unknown, we hypothesize that it may
represent a genetic variant of the BAGV strain which
originated in the African continent and was dispersed and
established in aréas with similar climatic conditions and
favouring vector multiplication. Dispersal of the flaviviruses

4 _from the Old World 1o the New World and the co-existence

of related viruses ‘sharing antigenic, host and vector

- similarities have been supported by molecular phylogenetic

analyses (Sabm, 1959; Gaunt et al, 2001; Chevalier ¢t al,
2004; Mackenzie et al, 2004; Petersen &. Marfin, 2005;

Gould et al, 2006). However, to determine the precise .

genetic relationship, geographical origin and epidemiology,
full genome sequence data of more strains will be helpful.

We isolated BAGV from a mosquito pool collected during
a JE outbreak and studied its genetic- relationship with

. other Flaviviridae. Since it was characterized as a JEV and

WNV cross-reactive arbovirus (CF test), we determired the

-, antigenic relationship with JEV and WNV by PRNT.
"Although the heterologous neutralization differentiated

these as three distinct arboviruses, we documented weak
cross-reactivity between WNV and BAGV (Table 1). The
genetic relatedness of BAGV and WNV in several genomic
regions might be the reason for antigenic cross-reactivity
between these viruses (Kuno & Chang, 2007). We

_determined the previous exposure of hospitalized enceph-

alitis patients with BAGV by analysing the sera stored at
—80°C for anti-BAGV neutralizing antibodies, The
neutralization assay was performed with PS cell-adapted
BAGV pools, as described, previously (Bondre, et al., 2007;
Sapkal et al,, 2007). Only 15% (8/53) of available sera
showed reactivity with BAGV, while 24.14 % (14/53) were
reactive with JEV (733913). Both the anti-JEV and anti-
BAGV neutralizing antibody titres (NDgo) were in the
range of 50-1250. All of the BAGV reactive sera were
negative for JEV by IgM ELISA. .

- Recently, BAGV has been identified as one of the emerging
and re—emcrgmg human pathogens that causes febrile

illness in humans {(Woolhouse et al, iOOG).-It belongs to
the Ntaya group of Flaviviridae and has been isolated in the -

Central African Republic, Cameroon and Senegal, where it
circulates between ornithophagic mosquitoes and birds
(Digoutte, 1978; Traore-Lamizana et al., 1994; Diallo ef al,,
2005). It is genetically related to ITMV, which is a serious
avian pathogen in the Middle East and southern Africa
(Digoutte, 1978; Kuno et al, 1998). The phylogenetic
studies using envelope and NS5 sequences clearly suggest

that there is a close genetic relationship between ITMV and -

BAGV. Other members of the Ntaya virus group are
genetically distinct from BAGV and ITMV.. Our prelim-
inary findings on sera collected during the dcute phase of
illness from hospitalized patients indicates the presence of
anti-BAGV neutralizing antibodies. This suggests that
BAGV might be circulating in the area between ornitho-
“phagic mosquitoes and birds and incidentally the human
population might be exposed to it. These observations need

to be strengthened by investigating additional human -

clinical specimens from the region. However, our prelim-
‘inary observations need to be confirmed by systematic
study of the human population from the Allapuzza,

Thiruvanthapuram and Kottayam districts of Kerala to -
understand the association- of BAGV with human infec-’

tions.

In condlusion, this study indicates the nccc‘ssit); of serious
efforts to investigate the likely involvement of BAGV in

‘sporadic human infectjons and outbreaks in- other -

vertebrates occurring in’ the region. This can be achieved
by developing BAGV-specific serological and molecular
diagnostics - for testmg of human. clinical specimens
collected from: the region. Additional studies addressing
the potential of various mosquito species as vectors and
birds as amplifying hosts, and sero-surveillance in domestic

animals and the human population will add to our

understanding of the epidemiology of arboviral diseases.
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DISPATCHES

~ West Nile Virus
Infection in Plasma
of Blood and
Plasma Donors,
Umted States

Chfisti_na B. Planitzer, Jens Modrof,
Mei-ying W. Yu, and Thomas R. Kreil

This study investigated the association of ongoing
West Nilé virus (WNV) infections with neutralizing antibody
"titers in US plasma-derived intravenous immune: globulin
released during 2003--2008.. Titers correlated closely with
the prevalence of past WNV:infection in blood donors, with
2008 lots indicating a prevalence of 1%.

est Nile virus (WNV) is a flavivirus endemic to the

United States; typically, hundreds of clinical cases
of infection occur each year. The observed number of clini-
cal WNV infections as collated by ArboNET (www.cdc.
_gov) and the incidence of asymptomatic WNV infections
as shown by nucleic acid testing (NAT) of the US blood
supply (/) indicate that =3 million WNV infections dc-
“curred in humans during 1999— 2008.

Because the immune system elicits WNV neutraliz-

ing antibodies in response to WNV infection, detectable

" levels of WNV neutralizing antibodies in the blood of
persons with previous WNV infection is expected. Con-
sequently, lots of immune globulin-intravenous (human)
(IGIV) mariufactured. from plasma collected in the United
States contain WNV neutralizing ‘antibodies (2). Those
IGIV lots, each prepared from several thousand plasma
donations to ensure a broad spectrum of antibodies, can
‘be used as an epidemiologic tool that enables the surveil-
lance.of thousands of persons in a-community through
analysis of comparatively few samples. In this study, we
demonstrated the increasing trend of WNV-neutrahzmg
antibody titers in lots of IGIV.

Comparing these titers with those of persons with
confirmed past WNV infection provides an independent
measure of the percentage of the US population previously
‘infected with WNV. Several WNV vaccine trials are ongo-

" ing or imminent, so information about the prevalence of
past WNV infection in the United States is valuable for

Author affiliations: Baxter Bioscierice, Vienna, Austria (C.B. Plan-
itzer, J. Modrof, T.R. Krell); and US Food and Drug Administration,
Bethesda, Maryland, USA (M.-y.W. Yu).
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planning the demonstration-of vaccine efficacy. Low inci-
dence and lack of highly WNV-endemic areas in the United
States preclude classic vaccine field trials because of study
size requirements and cost-logistics difficulties.

The Study

The WNV neutralization titers of several US. plasma—
derived IGIV products (Gammagard Liquid/KIOVIG;
Gammagard S/D/ Polygari S/D; Iveegam EN [Baxter
Healthcare Corporation, Westlake Village, CA, USAJ)
and plasma samples obtained fram US blood donors after
a NAT-confirmed WNV infection were determined by an
infectivity assay as earlier described (2), adapted to a clas-
sical microneutralization. format (3). WNV neutralization
titers (i.e., the reciprocal 'dilution of a 1:2 series resulting
in 50% neutralization [NT,,; detection limits <0.8 for un-
diluted IGIVs and <7.7 for 1:10 prediluted serum]) are re-
ported as the mean = SEM. An unpaired ¢ test was used to
evaluate whether titer differences between 2 groups were
statistically significant.

Using an extrapolation- derived from screening the
US blood supply for WNV-(7), we cilculated the average
annual number of WNV infections in the United States
for 1999-2008.: The total number of neuroinvasive cases
reported for those years to the US Centers for Disease
Control and Prevention (CDC) through ArboNET was
multiplied by 256 (i.e., the factor between all WNV infec-
tions and neuroinvasive cases). The cumulative infection

-rate for each year during 19992008 was then calculated

by dividing the infections occurring up to a specific year
by the US population for that year (determmed by US
Census Bureau estimates [www. census.gov/popest/states/
NST-ann-est.html]).

Although WNV was first introduced into the United -
States in 1999, only in-2003 did the mean WNV neutral-
ization titers of IGIV lots released to the market start to
increase markedly (Figuré 1). According to extrapola-
tions from the WNV screening of the US blood supply

" (1), by 2003, an estimated 0.5% of the US population had

been infected with WNV, although most infections were:
asymptomatic.

A delay of =1 year occurs between the collecuon of
plasma and the releaseof IGIV lots to-the market; thus, the
WNV-positive IGIV lots in 2003 reflect the larger number
of WNV ‘infections occurring in 2002. Using the:same ex-
trapolations from the US blood supply (/), we found that
the ~0.1% annual increments in the proportion of the US
population with past WNV infection follow a straight line
(*= 0.9996), generally paralleled by the mean WNV neu-
tralization titers of IGIV lots. During 2005~2008, when
large numbers of lots of a single IGIV product (Gammagard
Liquid) could be analyzed, the WNV neutralization titer in-

. creased by 3.6 per year (r*= 0.9793).
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Flgure 1. West Nile virus (WNV) neutralization uters of US plasmal
derived immune globulin intravenous (human) (IGIV) lots by year of
production and estimated pi ge ofthe USp fon with past
. WNV Infection by year. WNV neutralizati titers were de d
either for retention or lot release samples of 3 IGIV products
produced during 1998-2005 or for a considerable proportion of
Gammagard Liquid/KIOVIG fots produced during 2006-2008.
-Results are shawn as mean + SEM (limit of détection <0.8) by year
of product release. For.5% of IGIV samples, fiters were multiplied
by 2 for comparison with the 10% IGIV samples at equivalent
bulin ‘conce ions. The p
pOpulauon with past WNV infection was caleulated from the b
of neurcinvasive cases reported per year and the esumated ratic of
neurcinvasive cases to total cases of WNV infection,

" US -plasma-derived IGIV lots released during 2008 .
showed variable WNV neutralization titers ranging from
2.8 t0 69.8; mean + SEM titer was 21 & 1'(n = 256). (Flg-
“ure 2). Compared with titers shown to be protective inan
animal model of WNV infection (equivalent to >21 by the
current assay) (2), ~40% of the 2008 JGIV lots had higher
titers. )

Plasma obtained from persons with: NAT-cdﬁﬁmcd'

.WNV .infection had even higher titers; mean + SEM titer.
was 208 + 40 for 30 persons available. for testing. When

_Tesults were corrected for thé immunoglobutin (Ig) G con-,

centration in plasma (=1%), compared with the 10% IGIV
preparations, the mean neutralization titer of the plasma
samples was ~100x h:gher than that of the IGIV lots tested
(2 080 vs. 21).

Conclusions . )
“The most comprehensive collation of information

' fibout. thei’ncjdence of WNV infection in the United States’
. is available from ArboNET. When that information is

combined with informition obtained from the nationwide )

screening of the blgod supply for WNV RNA by NAT -
. (1,4,5), the current prevalence of past WNV in the US pop
.ulation is estimated-to be. =1%.

- Busch et al. has noted that- Iargc-scale community-
based: serologic surveysare hardly feasnble because of their.

.~ expense and because WNV ELISA assays are possibly bi-

ased by -cross-reactions. with other flaviviruses (/). Never-

_ theless 7 seroepldemwlognc studies have been performed

ge of the-US donor

West Nile Virus Infection, United States

(6-12); Cumulatively, 5,503 persons were tested.for WNV

infection by ELISA,-and the results have shown highly di- .- -

vergent seroprevalence rates ranging between 1 9% (6) and‘ .
-14.0% (10). .
The use of IGIV lots, each representing the serostatus
of several thousand donors in 1 sample, makes seroepi-
demiology. practical (/3) because it allows a large -donor
population .to be surveyed by analyzing comparably few
samples. The use of a more complex yet functional virus-
neutralization assay minimizes concerns about cross-reac-
tivity with flaviviruses of other serocomplexes (e.g., den-
gue virus) that occasionally circulate in the US populatlon
Also, epidemiologic considerations render mtqrference by -
St. Louis encephalitis virus, aflavivirus within the samie se~ -
rocomplex; highly unlikely (2). The specificity of the neu-
tralization assay was confirmed by testing IGIV Jots manu- ‘
factured froin European-derived plasma against tick-borne
encephalitls virus, a flavivirus closely related to WNV. and '
circulating in Europe. Although these lots contained hlgh' -

neutralization titers against tick-borne encephalitis virus, Col

only 1 of 20 had a detectable neutrahzatlon tlter of Sagainst’
- WNV (unpub. data). :
In this study, we dctcrmmed that the mean mer of

. samples obtained during 2003-2008 from persons with a- :
conﬁrmed diagnosis of WNYV infection was 100x higher..
than the mean titers of IGIV lots produced in 2008. This: -~
'determination provides an mdepcndem experimental mea- .
sure of the frequency of past WNV-infection in the gen- .
eral US population; -as reflected by the plasma/blood donor ,

‘community, and the results correlate well with results ‘of .
previously published theoretical extrapolatlons ), whlch -

- estimated that 1% of the’ populanon has already been i m- -

fected with WNV.,
The increasing-levels of WNV neutrahzmg annbod- oL
ies in IGIV lots from us plasma and the pamcularly high -

1,024 - -

e 512 ‘ i -.:- :
8 2864 .

.ﬁ; 128 4 n
L - t
[ . .
g3 32

g 81 Lot
‘§-— 84 FTTITIT]Y
z 4 ’
‘ US IGIV .. PastWNV
Mean t SEM 211 T 208240 ‘.

. No. - m -2

Figure 2, West Nlle kus (WNV) neutrallzallon by us plasma- ’
derived | (hi ) (IGIV) ri din
2008 and p|asma from donors with pastWNV infedlon (past WNV) .
_confirmed by ‘nucleic acid ‘testing, WNV: rieutralization titers are
shown as the mean £ SEM- (limit of detection <08 for undiluted
IGIVs and <7.7-for prediluted sera) NT g, 60% neuIraNZatlon titer.
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titers in donors who have had a WNV infection suggest

the possibility of preparing IGIV products with sufficiently

high titers to be useful for WNV prophylaxis or treatment,

Several ongoing or imminent WNV vaccine clinical trials
stress the practical value of an independent confirmation of
extrapolations that estimate the percentage of the US popu-

lation with past WNV infection. Knowing the percentage

of preexisting WNV seroprevalence as well as estimates

of the mostly asymptomatic incidence rates (/4) can be of
vital importance in designing vaccine trials,
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Guidance for Industry
Use of Nucleic Acid Tests to Reduce the Risk of Transmission of

West Nile Virus from Donors of Whole Blood and Blood
Components Intended for Transfusion '

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 nof 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. Ifyou want 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' with recommendations for testing donations’
of Whole Blood and blood components for West Nile Virus (WNV) using an FDA-licensed
donor screening assay”. We believe that the use of a licensed nucleic acid test (NAT) will
reduce the risk of transmission of WNV, and therefore recommend that you use a licensed NAT
to screen donors of Whole Blood and blood components intended for transfusjon for infection
with WNV. ' : ’

‘The recommendations in section III of this guidance apply to all donations of Whole Blood (as -

defined in Title 21 Code of Federal Regulations (CFR) 640.1) and blood components for ,
transfusion®. ' ‘ ;

FDA’s guidance documents, including this guidance, do not establish legally enforceable.
responsibilities. Instead, guidances describe 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 guidances means that something is suggested or
recommended, but not required. ‘

. BACKGROUND

WNV first appeared in the United States in 1999, and has become endemic with-high viral.
activity during the warm months of the year, WNV isa mosquito-borne agent that is maintained

! This guidance is intended for establishments that collect Whole Blood and blood components intended for
transfusion. : .

* This guidance finalizes the recommendations for donations of Whole Blood and blood components in the draft =~
guidance titled, Guidance for Industry: Use of Nucleic Acid.Tests to Reduce the Risk of Transmission of West Nile
Virus from Donors of Whole Blood and Blood Comsp Intended for Transfusion and Donors of Human Cells,
Tissues, and Cellular and Tissue-Based Products (HCT/Ps), dated April 2008 (April 28,2008, 73 FR 23958). -

* This guidance does not apply to Source Plasma or plasma derivatives, ’ L :

50




Contains Nonbinding Recommendations

in nature primarily between birds and mosquitoes but can also infect other animals, including
humans. The potential for WNV transmission by blood transfusion during the acute phase of
infection, when infected individuals are viremic and asymptomatic, was first recognized in 2002
(Ref. 1). At that time, test kit manufacturers and blood organizations, with input from the Public
Health Service (National Institutes of Health, FDA, and Centers for Disease Control and
Prevention (CDC)), actively pursued development of NAT systems for WNV. Retrospective
studies have subsequently confirmed human-to-human transmission of WNV by blood
transfusion and by organ transplantation (Refs. 2, 3).

Nationwide clinical studies to evaluate a NAT for the detection of WNV were initiated in 2003,
under FDA’s Investigational New Drug Application (IND) regulations (21 CFR Part 312). Such
large-scale studies were necessary to help ensure blood safety and to determine the efficacy of
investigational assays to prevent the transmission of WNV through blood transfusion, because at
that time there was no FDA-licensed screening assay available to detect WNV infection.

Since 2005, FDA has approved biologics license applications for two NAT assays for detecting
WNV ribonucleic acid (RNA) using plasma specimens from human donors of blood. The assays
are intended for use in testing individual donor samples and in testing pools of human plasma
comprised of equal aliquots of not more than either 6 or 16 individual donations (minipools) of
whole blood and blood components, depending on the manufacturer.

- As explained below in section III, if the result of a licensed minipool NAT (MP-NAT) is
reactive, and subsequent testing of the individual donation(s) ID-NAT) comprising the tested
minipool is reactive, then FDA would recommend treating the reactive unit(s) as though they are
infectious.

Evaluation of additional testing performed on specimens that were reactive on screening by ID-
NAT has shown that a repeat ID-NAT on index donation specimens (i.e., the same or an
independent specimen from the index donation, which is the donation for which the test result -
was reactive), using either the same screening assay or an equally sensitive alternate NAT,
together with a test result for antibody to WNV, has a positive predictive value of 98% (Ref. 4).

Data show that up to 10% of donors who have a reactive ID-NAT that fails to be reactive on
repeat testing by ID-NAT actually are infected, based on the presence of antibodies to- WNV
‘either in the index donation (ca. 8%} or on a follow-up test (ca. 2%) (Ref. 4). Therefore,
additional testing that would include repeat testing by ID-NAT along with testing for antibody to
WNYV may be of value in donor counseling.

A. Whole Blood and Blood Components

In 2002, there were 23 confirmed cases of WNV trarismission by blood or blood components
(Ref. 3). Only six transmissions of WNV by transfusion were documented in 2003 (Ref. .5)
following nationwide implementation of screening for WNV by MP-NAT under an IND in July
2003. Retrospective studies using ID-NAT to test MP-NAT non-reactive specimens collected
during that season identified additional reactive donations and indicated that up to 25% of

viremic units were not detected by MP-NAT, presumably due to low viral load (Ref. 6). Results
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of these studies show that for detecting WNV, ID-NAT has greater sensitivity than MP-NAT.

As a result, ID-NAT may identify reactive donations not detected by MP-NAT. However,
limitations in reagent availability, and personnel and logistical issues related to blood donor
screening may not allow full implementation of ID-NAT. During the development and )
implementation of the ID-NAT test under IND, MP-NAT of plasma ‘samples (pools of 6.0r 16
samples), rather than ID-NAT, was the only feasible format for performing the test. In addition,
testing using the MP-NAT format was similar to the assay platforms being used for human
immunodeficiency virus type 1 (HIV-1) NAT and hepatitis C virus (HCV) NAT at that time. As
reagent availability increases, technology advances, and personnel and logistical issues related to
blood donor screening diminish, year-round ID-NAT testing of all donations of blood and blood .
components, using a licensed NAT, may become feasible and practical. 5
Although year-round ID-NAT testing of all blood and blood components may not be currently
feasible, we believe that using ID-NAT instead of MP-NAT on a limited basis during periods of
high WNYV activity to maximize the benefit to the public health is more practicable. Statistical
analyses were performed on the data from the retrospective studies described above to establish
criteria for defining high WNV activity in a particular geographic region (Ref, 7). These criteria
were used as a “trigger” for ID-NAT implementation and for reversion o MP-NAT testing when
the high WNV activity in that region subsided. Since 2004, ID-NAT screening replaced MP- -
NAT. screening in those geographic régions of high WNV activity during epidemic periods
(Refs. 7, 8) when a threshold was reached. The threshold was usually based on the number of
MP-NAT-reactive screening test results obtained during a one-week interval or on a cumulative
rate for ID-NAT reactive.screening test results in a particular region (Ref, 4). )

After selective implementation of ID-NAT during epidemic seasons, there were three additional
transmissions of WNV by transfusion between 2004 and 2006: one in 2004 and two in 2006.
The WNV transmission in 2004 resulted from a donation of red blood cells which tested non-
reactive in a MP-NAT assay, but which was subsequently found to be reactive inan ID-NAT
test. Plasma from the donation retrospectively tested reactive by ID-NAT. However, ID-NAT
had not yet been implemented (Ref. 9). The two WNV transmissions in 2006 resulted from a
non-reactive MP-NAT donation from which red blood cells and fresh frozen plasma were
transfused to two immunosuppressed recipients (Ref. 10). Investigation of the 2006 cases .
showed that: 1) there were no established methods of communication linking WNV MP-NAT
data from multiple collecting and testing facilities serving overlapping or adjacent geographic -
areas; and 2) if efficient communication mechanisms had been in place, the corresponding
collection area would have reached the threshold for switching to ID-NAT screening, and the
WNV-contaminated components would likely have been detected and removed from the blood
supply (Ref. 4). ‘ ) '

At this time, there is insufficient data to support recommendation of uniform threshold criteria
for switching from MP-NAT screening to ID-NAT screening. Pending development of suitable
uniform threshold criteria, we consider it appropriate for each blood establishment to define its
own threshold criteria for switching from MP-NAT to ID-NAT screening and for reverting to

MP-NAT screening.. Each blood establishment should follow an established standard operating
procedure (SOP) for this decision process. Voluntary industry practice of switching from MP-

52



Contains Nonbinding Recommendations

NAT to ID-NAT screening during seasonal activity has been useful in increasing the
effectiveness of the WNV screening process.

II. RECOMMENDATIONS FOR DONATIONS OF WHOLE BLOOD AND BLOOD
COMPONENTS

Testing donations of Whole Blood and blood components for WNV using NAT involves the use
of defined pooling and testing systems. We recognize that licensed testing technology in a semi-
automated or fully automated format is not universally available, and that if you are currently
performing NAT for WNV under an IND you would need time to fully implement a licensed
system with all approved components, including the supporting software cleared as a device. If
you are therefore using some, but not all, of the licensed or cleared components, you should
continue your existing IND and report the use of the licensed assay or the related cleared
components as an amendment to your existing IND. When you implement all licensed or cleared
components. of the test system, you may withdraw the IND in accordance with the procedures
provided in 21 CFR 312.38.

A. . Tesn:ng, Unit Management, and Donor Management

1. We recommend that you screen year-round for WNV using a licensed NAT on
donor samples of Whole Blood and blood components intended for transfusion.
In general, you may use either MP-NAT or ID-NAT for screening (see Figure 1
and Table 1), except that we recommend that you use ID-NAT screening during
high WNV activity in your region (using a previously defined geographic area).
See section B. )

2. If you perform screening using MP-NAT, you may release all units whose test
samples comprise a non-reactive minipool, if those units are otherwise suitable for

release.

~ We recommend that you resolve a NAT-reactive minipool using ID-NAT to test

" each specimen in the minipool in order to identify the unit(s) that led to the
reactivity of the minipool. Based on the ID-NAT results, we recommend the
following:

a.  You may release all ID-NAT non-reactive units if they are otherwise suitable
for release.

b.  If one or more individual donation(s) is (are) reactive, we recommend that you
discard the unit(s), defer the donor(s) for a period of 120 days and retrieve and
quarantine in-daté products from prior collections dating back 120 days prior
to the donation that is ID-NAT-reactive. We recommend that you notify the

* donor of his or her deferral and counsel the donor. Further testing on the
index donation using the same ID-NAT or an alternate NAT with sensitivity
equal to or greater than that of the screening assay, in addition to testing the
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specimen using a cleared test for antibodies to WNV may be of value in dorior
counseling. ‘ ' )

Note: In the event that the NAT screening assay does not discriminate -
between WNV.and other Flaviviruses that belong to the Tapanese
Encephalitis (JE) serogroup (namely, Saint Louis Engephalitis virus,
Japanese Encephalitis virus, Murray Valley Encephalitis virus and
Kunjin virus), the donor should be counseled that he or she tested:
positive fora JE serogroup virus, most likely WNV. Alternatively, the
use of a NAT assay that discriminates WNV from other members of
the JE serogroup may be of value in donor counseling. '

Note: Antibodies to viruses of the JE serogroup may cross-react oﬁ the test
foruantibodi_es to WNV (Refs. 11, 12). Therefore, reactivity in a WNV
antibody test may not be conclusive for WNV infection. :

3. ¥f you perform screening using ID-NAT, we recommerd that you follow the steps
in 2.a. and 2.b. for testing, unit management, and donor management, .

B. Switching from MP-NAT to ID-NAT
We recommend that you: ' e

1. Establish and validate criteria that define high WNV activfty in youf
geographic area of collection. ) o .
2. Define a threshold for switching from MP-NAT to ID-NAT screening
* during high WNV activity in your geographic area of collection, and for
; reverting to MP-NAT screening when the high WNV activity in your
geographic area has subsided. o .
3. Switch from MP-NAT to ID-NAT screening as soon as feasible, but
~ within 48 hours of reaching that threshold. o
4. Establish and follow an SOP for this decision process.

NOTE: To define the geographic area for which the threshold criteria would )
apply, you may consider using the donor’s residential zip code or county, or other
well-specified region of comparable size that includes the donor’s residerce,
Although exposure to WNV may occur in any location, it-is reasonable to assume
that exposure most likely occurred while the donor was near his or her residence,
because mosquito activity is highest at dawn and dusk, times when many donors
are at home. Mechanisms for switching to ID-NAT screening that utilize defined
geographic areas based on residential zip codes, counties, or other éomparable‘
well-specified regions provide a standardized method for coliecting data on'the.
number of NAT-reactive donations and the number of donations tested.

' Consit?era?ion of ather epidemiological data may be useful in defining a threshold
“ for switching fromMP-NAT to ID-NAT screening, if such datd are available.
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Examples include the number of clinical cases, the number of positive birds or
mosquito pools reported in a partlcular geographxc area, and prior ID-NAT
implementation history.

You should switch from MP-NAT to ID-NAT screening when the WNV case
threshold has been met or exceeded in your defined geographic area. Blood
establishments that share geographic collection areas should consider a
communication plan so that data from overlapping and adjacent collection areas
may be shared and used to assess WNV activity in a defined geographic area.
You may use this data to determine whether your-defined threshold for switching
to ID-NAT screening has been met.

Reporting Test Implementation

1. If you are a licensed blood establishment and are already FDA-approved to
perform infectious disease testing of blood products, you may use at your facility
a licensed WNV NAT according to the manufacturer’s product insert, and you
must notify us in your annual report of the testing change in accordance with 21
CFR 601.12(d). Also, if you have already filed a supplement to your Biologics
License Application to use a contract laboratory to perform infectious disease
testing of blood products, and the contract laboratory will now perform a NAT for
WNV, you must report this changc in your annual report, in accordance with 21
CFR 601.12(d).

2. If you are a licensed blood establishment and you use a new contract laboratory to
perform a NAT for WNV and the laboratory already performs infectious disease
testing for blood products, then you must report this change to FDA, and may do
so through submission of a “Supplement — Changes Being Effected” in
accordance with 21 CFR 601.12(c)(1) and (5), also known as changes being
effected immediately (CBE). If your contract laboratory previously has not
performed infectious disease testing for blood products, then you must submit this
change in a prior approval supplement (PAS) in accordance with
21 CFR 601.12(b).

Labeling of Whole Blodd and Blood Components Intended for Transfusion

Title 21 CFR 606.122(h) requires that an instruction circular, also known as the “Circular
of Information,” for blood products intended for transfusion include the names and
results of all tests performed when necessary for safe and effective use. To comply with
21 CFR 606.122(h), upon implementation of a licensed NAT for WNV, both licensed and
unlicensed blood establishments must revise such instruction circular to include the non-
reactive results of a NAT for WNV. If you are a licensed blood establishment, you may
submit this labeling as a CBE (21 CFR 601. 12(c)(1) and (5)), provided the revision is
identical to the following statement:

“A Licensed Nucleic Acid Test (NAT) for West Nile Virus (WNV) RNA has
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been performed and found to be non-reactive.”

If you are a licensed blood establishment and you wish to use a dlfferent statement, then
you must submit the labeling change as a PAS (21 CFR 601.12(b)). If you are an
unlicensed blood establishment, you must revise the instruction circular under

21 CFR 606.122(h), but you are not required to submit the revision as'a supplement.
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Figure 1. Recommendations on Testing, Unit Management, and Donor Management for : Table 1. Recommendatlons on Testing, Unit Management, and Donor Management for
Whole Blood and Blood Components ‘ ' Whole Blood and Blood Compouents

Test blood donations using a Test blood donations : .
Llicensed MP-NAT for WNV ] using a licensed ID-NAT MP-NAT _|ID-NAT Actions
” for WNV . Reactive Reactive unit(s) Discard the unit(s).
MP-NAT MP-NAT reactive : : :
non-reactive Defer the donor(s) for 120 days.
ID-NAT . : =
( Test each specimen in the pool by ID-NAT J non-reactive : .| Notify and counsel the donor(s).*
l Retrieve and quarantine in-date products from prior
4 ‘ 4 - collections dating back 120 days.
If suitable, release ID-NAT If suitable, release unit - ) . - . - - '
unit(s) for non-reactive for transfusion. Non-Reactive unit(s) | If suitable, release units for transfusion.
fusion. it(s) - :
franstusion unit(s) Non-Roactjve Not needed If suitable, release units for transfusion.
y h 4 ) .
Lm_N AT reactive unit(s) ] ' . * Additional testing on the index donation using the same ID-NAT assay or an alternate NAT of )

comparable sensitivity in addition to a cleared test for antibodiesto WNV may be of value in -
donor counseling.

. Note: In the event that the NAT screenmg assay does not discriminate between WNV and

A 4 — other Flaviviruses that belong to the Japanese Encephalitis (JE) serogroup (namely,

- Saint Louis Encephalitis virus, Japanese Encephalitis virus, Murray Valley Encephalitis
virus and Kunjin virus), the donor should be counseled that he or she tested positive for

Notify and counsel the donor(s).* a JE serogroup virus, most likely WNV. Alternatively, the use of a NAT assay that

Retrieve and quarantine in-date products from prior collections dating : discriminates WNV from other members of the JE serogroup may be of value in donor
back 120 days. . ‘ v L : counseling.

Discard unit(s).
Defer donor(s) for 120 days.

Note: Antibodies to viruses of the JE serogroup may cross-react on the test for antibodies to

WNV (Refs. 11, 12). Therefore, reactivity.in a WNV antlbody test may not be
conclusive for WNV infection.

* Additional testing on the index donation using the same ID-NAT assay or an alternate NAT

of comparable sensitivity in addition to a clearcd test for antibodiesto WNV may be of value in k Iv. MPLEMENTATION
donor counseling. : i ) o . L
Note: In the event that the NAT screening assay does not discriminate between WNV and - We recommend that you implement the recommendations in this guidance as soon as feasible,

other Flaviviruses that belong to the Japanese Encephalitis (JE) serogroup (namely,
Saint Louis Encephalitis virus, Japanese Encephalitis virus, Murray Valley
Encephalitis virus and Kunjin virus), the donor should be counseled that he or she : ]
tested positive for'a JE serogroup virus, most likely WNV. Alternatively, the use of a ' wo V. REFEREN.CES
NAT assay that discriminates WNV from other members of the JE serogroup may be ‘

of value in donor counseling. 1. Biggerstaff BJ, Petersen LR, Estimated Risk of West Nile Virus Transmission Through ‘
Note: Antibodies to viruses of the JE serogroup may cross-react on the test for antibodies to . Blood Transfusion During an Epidemic in Queens, New York City. Transfusion. 42:1019 -26

WNV (Refs. 11, 12). Therefore, reactivity in a WNV antibody test may not be e (2002).

conclusive for WNV infection.

" but not later than six months after the guidance issue date.

2 Pealer LN, et al., Transmission of West lee Virus Through Blood Transfusnon in the United
. States in 2002 N Engl ] Med. 349:1236-45 (2003).
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. Iwamoto M, et al,, Transmission of West Nile Virus From an Organ Donor to Four
Transplant Recipients. N Engl J Med. 348, 2196-2203 (2003). :

. Blood Products >m<mmoa\ Committee, 89th Meeting, April 27, 2007,
http:/fwww.fda.gov/ohrms/dockets/ac/cber07 htm#BloodProducts.

. Macedo de Oliveira A, et al., West Nile Virus Blood Transfusion-Related Infection Despite
Nucleic Acid Testing. Transfusion. 44:1695-99 (2004).

. Stramer SL, et al., West Nile Virus Among Blood Donors in the United States, 2003 and
2004. N Engl J Med. 353:451-59 (2005).

7. Custer B, et al,, Triggers for Switching from Minipool Testing by Nucleic Acid Technology
to Individual-Donation Nucleic Acid Testing for West Nile Virus: Analysis of 2003 Data to
Inform 2004 Decision Making. Transfusion. 44:1547-54 (2004).

. Busch MP, et al., Screening the Blood Supply for West Nile Virus RNA by Nucleic Acid
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. MMWR 2007 Centers for Disease Control and Prevention. West Nile Virus Transmission —
South Dakota, 2006. MMWR. 56(04):76-79 (2007).

- Holmes DA, et al., Comparative Analysis of Inmunoglobulin M (IgM) Capture Enzyme-
Linked Immunosorbent Assay Using Virus-Like Particles or Virus-Infected Mouse Brain
Antigens to Detect IgM Antibody in Sera from Patients with Evident Flaviviral Infections. J
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.CDC Rare infection passed on by Miss. organ

donor
By HOLBROOK MOHR (AP) - Dec 18, 2008

JACKSON, Miss, — An extremely rare infection has been passed from an organ donor to at least
‘one reciplent in-what is thought to be the first human-to-human fransfer of the amoeba, medical
- officials said Friday.

Four people in three states received organs from a patient who died at the University of
Mississippl Medical Center in November after suffering from neurological problems, said Dave
Daigle, a spokesman for the Centers for Disease Controls and Prevention.

Organs are routinely tested for HIV, hepatltls and other more common infections, but occasionally
rare ones slip through,

"We test for the known harmful diseases, but there's not a test for every single 8athogen out
there,” said Dr. Kenneth Kokko, medical director of kidney transplants at UMMC. :

Two of the recipients are critically ill, but the others haven't shown symptoms, Daigle said. The
CDC confirmed the presence of the organism, known as Balamuthia mandrillaris, in one of the
reclplents .

Dr. Shirley Schlessinger, a UMMC doctor and medical dlrector of the Mississippt Organ Recovery
Agency. would not say which states had patients receiving the organs.

The public should not be concerned, both Schiessinger and Daigle sald

Balamuthia mandrillaris is a microscopic parasite found in soil that causes encephalms in
humans, horses, dogs, sheep and nonhuman primates. Scientists.think people get infected by
breathln it in, but it can also pass into the blood through a cut or break in the skin. it can be
especially dangerous to people undergoing organ transplants, whose immune systems are
purposely-weakened so their bodies don't reject their new organs.

Human infections are very rare: Onlé about 150 cases have been reported worldwide since the
disease was first identified in 1990. But it can be hard to diagnose because few Iaboratories test
for it and many doctors don't know about . Some cases are not identified untII autopsy
accordlng to the CDC. .

"The thing we don't want to happen is for people to take this rare and extraordinary anomaly and
think it speaks to a lack of safety,” she said. “it's very rare so the likelihood that this will happen
again (is small), | mean, ns rarer than rabies.”

There are risks to transplants and doctors can'ttest for everything, but the potential benefits far
outweigh the risks, she said.

AP Medical Writer Mike Stobbe in Alanta contributed to this report.

On the Net:
w CDC detalls on Balamuthia mandrillaris: http://bit.ly/7TswHMV.

» University of Mississippi Medical Center: http:llwww.umc.edu/

_ Copyright © 2010 The Associated Press, All rights reserved.
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2 Kidney Recipients Contract Brain Dlsease From Donor
By RENISE GRADY

Two transplant pattents are critically ill with a rare bram infection that was transm:tted to
them by kidneys taken from a donor at the Uni xe;g_ty o,_f,MJsSJ__pp.l Medtcal Center m "
Jackson, health officials reported on- Fnday S

The same infection probably kllled the 01 gan ( donor but it was not cltagnosed his doctors ‘
.thought he had an autoimmuné disease. Two other ] patients also received heart and liver
transplants fromthe donor, but neither has become ill. The transplants took place in

" November, in three states. A spokeswoman for the university declined to say where the ‘
recipients were, cmng patlent conﬁdentlahty '

Three weeks after then' transplant surgenes the kldney recxplents became 1ll abruptly, g
‘within hours of each other, with seizures, a change in mental status and fever, sa1d Dr.
*Eileen Farnon, an epidemiologist at the Centers for for r Diséase Control and _Egg_e__gg which-
is investigating the cases. A doctor noted that both were transplant recxpxents and.
immediately suspected that they might have contracted an iliness fromi the donor

Subsequent tests of tissue left from the deceased donor found the infection which Was also
- diagnosed in the patients. The’ pat:ents are bemg treated with a mixture of anhmtcrobxal
" drugs: :

The infection is caused by an amoeba, Bala.rnuthia‘ mandrillaris, which lives in soil and
water, Only about 70 cases have ever been identified in the United States. Nearly all have
been fatal. The current cases are the first to have been found i in transplant reclpxents ‘
Although infections from transplants are uncommon, there have been cases in whlch

rec:p:ents contracted West lee virus, rabies and other infections. -
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_Doctor Le Bich Lien, head of the Dengue. m,n<.nn Unvmnnao.un m,n ouwwmnab )

- patients."
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(1] Viet Nam

Date: Fri .29 Aug Nocm

Source: .Eamvvnu.md News .com’ hnnwnaau

.Earlier: n?pu ton? the Hanoi mmwwnv Uwumnnsﬁnn hmvonnnm nwun snmhww
Nmoe cases of the mosquito-borne illnéss had been recozded- citywide-
m..r..nn the' vonkguum of the year [2009],-10 times more than over the
saine period last year [2008]. The department said the nwﬂ:uou were the:

- worst in years. "The number of deéngue cases Has gone up, nk..._.&uomp.._.v: v .

said National Institute of Infectious and Ttopical Diseases on=n<
director Nguyen Hong Ha, adding that’ the institute hadd admitted up to
45 dengue patients a day nona:nw% :?no::a 100 vmﬂ_.mﬂnu are nnnowﬁ.na
treatment at the institute right now' we're on overload,” So said.
“Patients have to mrmnn beds, and we've even had to. set. up vnmu in-the -
corridors. But that's mf.“: not enough; ... ‘we're Ucw.pnm Eoﬂo voau "

Accordihg to . the nonnof Somn of the- Vnnuos.nu rwm come .mnoa Mbbmh:ﬂkﬂ%
districts like Hoang Mai, Thanh Xuan, and Dong Da. He said that fact’
refuted the popular theory that the number of ‘Hanhoi dengue vunuoanu
had gone up because the capital rmu m_uwon&na vwnnu of’ mom mpnr .unn
Vinh Phuc in 2008. - -

.ﬂ.nrocmr nrﬂ number of mm:m:m cases” nononnnm in mo nrw zu.sr n»n%
hasn't increased sharply this year :com? more patients #u<o nomnroa
critical no:a.._.nvou. -and- there have Woos more deaths related to nmsm:?
said Dr. Phan Van Nghiem from the npn< s health .department. Over 7100 °
cases have been recorded nt..ﬁ:.am since the beginning. of nrm year
[2009], an increase of 5 percent compared with the same period last -
yeax '[2008]. The city has already uood 7 aunnwu due «o nana:? ’

: mnnOnav:m no the unvmnnaann

Hospital No, 1, said her facilities.wexe nnnnn._.na around. 80 kids for
_ dengue, 1/4th of whom were in stages 3 and 4 with synptoms like - .
circulatory failure, snsnowomwnwp m.novwnau ‘and hemorrhaging. :s.uocsa
20-25 children are admitted to the rouﬂv«ww with amsmﬁn nn<oﬂ every’
- day," said Dr. Lien. :mnzn wpau nnnoE:.. for: 70 ﬁounnnn ‘of. our nru.wn
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for dengue at HCMC Children Hospital No.-2, said Dr. Tran Thi- Thuy,
deputy head of the hospital's Infection Department. "Around 10 percent
of them are in phase 4, the most cr;tlcal phrase, and experiencing
physical shock,” Dr. Thuy said.

Thu Duc General Hospital has reported that some 20-30 dengue patients,
mainly adults, were currently undexgoing treatment there.

"During the 1st 1-2 days of infection, dengue in kids is difficult to
distinguish from hand-foot-mouth disease or HIN1 flu," Lien said. "As
HIN1 flu manifests itself in complicated ways, many people have let
their guard down against dengue fever. But dengue can be fatal for
kids," she warned.

‘{Byline: Thanh Tung-Lien Chau]

Communicated by:
‘ProMED-mail Rapporteur Mary Marshall

A map of Viet Nam showing the provinces can be accessed at
<http://www,lib.utexas.edu/maps/middle east_and asia/vietnam admin01.3ipg>. An’
interactive HealthMap/ProMED-mail of Viet Nam can be accessed at
<http://healthmap.org/r/008c>. - Mod.TY]
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{21 sri Lanka

Date: Sat 29 Aug 2009

Source: Xinhua News Agency (edited]

<http //news . xinhuanet.com/english/2009-08/ “9/content 11°6'33B htm>

The number of dengue cases has xisen to 24 629 while 245 people have
died of the disease in Sri Lanka so far this year (2009]); the
Ep;demlological Unit of the Health Ministry said on Frxday (28 Aug
2009] .

*.The Ep;demiologzcal Unit said in its latest statistics that of the 24
629 cases, the highest number of patients were reported from June

- [2009] totallng 7048. It is followed by July {2009] with 6858 cases
being reported.

This represents a sharp increase; as only 4156 dengue cases and 85
deaths were reported for the whole year of 2008, -,

Health officials said the majoxity of these cases have been ‘reported
from the areas of Kandy, Kegalle, Colombo, Gampaha and Kurunegala.

. The rapid rise. in the level of the epidemic has forced the health
authorities to carry out extensive public awareness campalgns to.
eradicate the mosquito-based epidemic.

Households have been warned to keep the environment free.of

mosquitoes. Those who allow the mosquitoes to breed by’ allowing

stagnating water face prosecution, with a special hotline being made
‘avallable for public information.

There has been a decline in the number of dengue fever cases in August
[2009], with 2387 cases being recorded as of [28 Aug 2009], officials
said. . .

Communicated. by:
PRO/MBDS <promed-mbds@promedmail. org>

[Durlng 2004 to 2009, the’ dengue outbreak in 2009 is the largest in
Sri Llanka. Based on the above newswire, there have been 24 629 cases
" and 245 deaths so far (January-August 2009). The case fatality rate
_(CFR) is 0.99 pexcent. The number of reported dengue cases has
. dramatlcally increased nearly 6-fold as compared to 2008 (4156 ‘cases) .

At present, the trend of the dengue outbreak in Sri Lanka is

_ decreasing, as there were 7048 cases, 6858 cases and 2378 cases
reported ‘in June, -July and August 2009, respectively, However, more
dengue ocutbreaks are als ossible in November to February, when the

" [3) Myanmar (Rakhine)

~ Though the symptoms of thﬁﬁ disease ‘are coughlng. sneezrng, fever, and}‘

3/8 R—Y
northeast monsoon begins. v

Dengue is cransmatted by the main vector, the Aedes aegytpi ,
mosquito. There are 4 distinct (but closely related) viruses: that
cause dengue. According to WHO's Regional Office for Southeast Asia
(WHO/SEARO) report (available at

<http://www.searo.who. znt/en/SecticnlO/Section332 1100.htw>), Sri .
Lanka, Indonesia,.Thailand and Timor-Leste are classified in category

. A upon the transmission potential of deﬁgue. The common

characteristics among those countries are dengue fever (DF)/dengue
haemorrhagic fever (DHF) as a major public health problem, which is .
the leading cause of hospitalrzation and death among children, and:
there are cyclical epidemics in'urban centers and spreading to rural .
areas with multiple virus serotypes clrculating. .
In 2004, the total of dengue cases reported was 15 408 with.88 deaths’
(CFR 0.57) in Sri Lanka. During the past 20 years, the outbreak in

2004 was most serious, although the CFR was lower than in the past.
Cases were reported every month, the highest being in June-July 2004.
Cases were reported from 25 districts. Of these, 72 percent of cases '
and 78 deaths were from 5.cities, namely Colombo, Kandy, Gampaha, .
Kalutara and Kurunegala, The CFRs .range from 0.4 percent to 1.1 percent.

In 2006, the reported dengue cases and deaths due to'dengue had
increased 2-fold as compared to 2005. The case fatality was maintdined

-below one percent. In 2007 till May, 1846 dengue cases and ‘9 deaths

have been reported from Sri Lanka (see

<http://www -5€310. who lnt(enZSectlonlolSectlon331£_ectlon2277 11963 htm))

A -map of Sri Lanka can be accessed at
<http://www.lib.utesas.edu/maps/middle east and nsxa/sr; lanka. pel0l.4pg>.’,
A HealthMap/ProMED-mail interactive p of Sri Lanka can be accessed :

.at <http://healthmap.org/x/005M>. - Mod SCM]
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Date: Mon' 24 Aug 2009
Source: Mizzima News [edited] " !
<http://www. m1121ma com/news/lnslde—hu:me/z666 dengue kills three-afflicts-over

L

‘According to information from the Ministry of Health, at least. 3
people have died and 329 have been infected with dengue fever this
year [2009] in Sittwe and Kyaukphyu of Arakan [Rakhine] State in
western Burma [Myanmar]

Accordlng to the m;niscry of health, 2 people in Sittwe, capital of
Arakan [Rakh;ne} .state, have d;ed and- ancther in Kyaukphyu town

"Though dengue is not very dangerous, 2 peqple dled in our town, ‘ ‘:
scaring people. There are many dengue afflicted child patients in

‘hospital,-but I cannot tell thé exact number. Besides, there are many < TR

moxe unreported cases in the villages. The villagers. cannot afford’
treatment at the hospital. Only the affluent in the town can get
admitted to the hospital. Dengue has .infected not only children but
adults as-well. There are many people from different age groups being
treated at our hospital. Most patients are chlldren, and ‘the fever -
lasts less than a week, after which the pat;ent is out of danger, a
doctor in Sittwe Hoapltal sard. . T

© But. sorme patients need to be treated for over a week._ "My daughter had

dengue since the beginning of this month [August 2009] and was

hospitalized as soon as she was’ infected, Now she has-been: discharged. c
Though her: condition has’ improved, she has not yet fully recovered..” | Lo
She has been absent from school for over Z weeks, [her mother] in. -

sittwe told Mizzima,

Teachers are worried about the;z students, as’ many are absent from '
schools. "There are many children who cannot come to- school’ because of
the flu. Their friends say they either have' flu or dengue fever.'
could not come to school for a whole. month [August 2009) . We :are =
worried about thelx education given the long absence from classes "a
class teacher in"the state’ ngh School No. 2 in SittWe teld Mizzima.“
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. body ache, in this type of influenza, similar symptoms are not found,
and there are only sudden high fever plus headaches.

Rash, bleeding from the nose and gums, bloodstains in the urine and
stool were found in these patients. Patients are known to become
unconscious, have convulsions, perspirxe with high fevex, vomit
continuously, and suffer from shock. ’

Dengue. fever cases were also reported in PYI, Pa-an in Karen State and.
Htantalan town in Chin State.

The Health Ministry release said that about 30\people die of dengue

fever in Rangoon [Yangon] annually.
k]

Cormunicated by:
PRO/MBDS <promed-mbds@promedmail.org>

[The newswire above is the 4th report of dengue cases and deaths in
Myanmar since mid June 2009, However, it is the 1lst report from
‘Rakhine state (formerly Arakan), one of 7 states of Myanmar situated
along the western coast. According to the newswire, there have been
329 dengue fever cases with 3 fatalitjes (2 cases from Sittwe and
another one from Kyaukphyu town) during 2009.

The previously reported dengue outbzeak in Myanmar occurzed in
Myitkyina, capital of Kachin State (see prior PRO/MBDS posting Dengue
Myanmar (03): RFI 20050728.2650). There are no current reports of
morbidity and mortality statistics in the country with respect to
dengue fever in 2009. However, as of 24 Jul 2009, there were 838 cases
with ‘6 deaths of dengue during 2009 in Yangon, Myanmar (see priox
PRO/MBDS posting Dengue - Myanmar (02): Yangon 20090726.2635) .

In Myanmar, dengue fever (DF)/dengue haemorrhagic fever (DHF) is one
of the leading causes of morbidity and mortality among children under
the age of 10 years, with approximately 85 percent of cases occurring
‘in this age group. An annual average of.7000-10 000 cases of DF/DHF
are reported nationwide. .However, in recent epidemic.years (2001, -
2005, and 2007), the number had riseén to over 15 000 cases. ‘In 2001,'
62 percent of all reported cases were from Yangon Division (31 °
1perc=nc), Ayeyarwaddy Division (16 percent) and Mon State (15 percent)
(1). .

The lst major epidemic of the 'disease syndrome in Myanmar occurred in
the capital, Yangon in 1970, Since then,. epidemics have continued to
occur in a cyclic pattern, and the disease has spread from Yangon to'
most parts of the country. Between 1970 and 1995, there were 83 381
cases of DHF with 3243 deaths, a case fatality rate of 3.88 percent.
,During the 1st 5 years in which DHF was known to occur in the country,
almost all the cases were confined to the Yangon division. By 197§, . IR
the disease syndrome had begun to spread and, in that year, 31 percent - ;
of the DHF cases occurred in Mandalay and only 29 percent in Yangon.

Howevet, Yangon still remains the most serjous focus of DHF (2).

According to WHO's Regional Office for South-East A51a (WHO/SEARO)

report available at .
<http://www.searo.who. 1nf/FN/Sect‘onlO/Sectlow332/ﬁect10n2277 11962 ,htw>, in’
2005 the total dengue cases reported was 17 454 and 169 deaths in

Myanmar, and the case fatallty rate was maintained below one pezcent

The increase in case load and deaths compared.to 2004 is almost 2

times. In 2006, the reported derigue cases and.deaths were reduced as

compared to 2005. The case fatality rate in 2006 was slightly above

-one percent. The seasonal trend shows July as the peak ‘month, and-
.'cases start increasing from May to peak 1n July-August.

Refgxences

1. World Health Organization: Joint plan -.of action scaling up dengue

prevention and control for the cyclone Nargis affected populations.
June-Septémber 2008 {available at : . .
‘<http://www.who.int/hac/crises/mms/myanma ar. joint plan of actlon dengue 2008 pdf
2. Prasittisuk C, Andjaparidze AG, Kumar V. WHO ‘South-EBast Asia

Regional Office: Current Status of Dengue/Dengue- Haemoxrhagic Fever in

WHO South-East Asia Region, Dengue Bulletin Volume 22, Decembe: 1998

{available at =~ 69
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‘Saturday moining (21 and 22 Aug 2009]. due to fever 'in the area from’

'or DHF, sald NIH.

5/8 "=

<httv / fwwiw.searo. who: lnt/en/SectionID/Secf1on332/5ectnon520 2414, htub)

Fox maps of Myanmar see

<http://wew. worldatlas com/weblmage/countrys/asxa/lgcolo:[ olor.htm>
and

<http://www.lib. utexas edu/maps/middle east and asia/burma pol 96.jpg>. For

the interactive HealthMap/ProMED-mail map. of Myanmar with links to

other ProMED-mail reports in Myanmar and surrounding countries, see
<http://healthmap.crq/r/00IU>, - Mod.SCM] \
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.[4] India (Gujarat)
‘Date: Mon 31 Aug 2009

Source; Times of India [edited] . . . ’ . :
<http://timesofindia.indiatimes.com/NEws/City/Rajkot/Denque—outbreak—gets—sevex

The dengue outbreak. in the city is refusing to die down, with 15 cases
zepozted in the city in the past 48 houxs. With 3 fresh cases reported’
on Sunday [30 Aug 2009}, the total number of patients belng treated

for the disease in the city has gone up to 55. One,person has died of
the disease till date. The patients were admitted from Sukhnathpara,:
Sardarnagar and Baharwadi areas. On Saturday [29 Aug 2009]( there were
7 new cases repozted. ¢ :

"We are doing our best to tackle the situation -in the city. The
district collector PR Sompura has formed a special team to root out’
the virus from the city. Daily, 10 teams under this 'special team are
conducting door-to-door surveys along with officials from Amreli -
municipality, to find cut cases," a dxstxlct health offlclal said,’

Apart’ from health off;cials, teams from the municipality are also
conducting cleanliness drives- throughout the city. "We are fumiqatlng
all 'streets of the city every evening to kill mosquitoes. carrying the
dengue virus and cleaning any water-logged areas. Howevez, our job
will get more challenglng ‘with the 2nd spell of rainfall that has .-
begun since the past 72 houzs," an o£f1c1a1 fzom Amxeli Nagar ‘Palika ;
said,’ .

K. i

Communicated by: -
HealthMap Alerts via

onMED—maxl <gzomed@grom£dmall org)
[Fum;gatlng the streets will be of only temporary value._Eliminating

the ‘vector mosquito bteedlng sites in and around houses and other - . X
bu11d1ngs w111 provide more effective control ‘of the outbreak. ' o A

An interactive map -of Guja:at, India showing the 1ocatlon of Amreii

K and ‘vicinity can be accessed at,

<http://www.maplandia. com,1nd1a/qu1arat/amxell/amzeli/) A

HealthMap/ProMED-mail interactive map of India can be.accessed . at
'_<htt;LALL_ea1 hmag org/promed/en?v=22. 2,79 6,5> - Mod TY]

iii*&i_ .

{51 Pakistan

Date:. Wed 26 Aug. 2009

.Source: The News'. {edited]"

h*tp Ll thenews,com, pk/nrlntl aip°1d 195030>

Out .of 18. patxents of .a locallty adm;tted to Holy Family Hospztal
Saturday {22 Aug 2009) ‘evening, 5 were declared positive for dengue
fever by the. National Institute ‘of Health (NIH),_Islamabad The - .
confirmation of § cases as pos;t;ve, the st in this. season.in this
region of the country, has convinced a numbexr of health expezts in ’

town to. feax an outb:eak of the infection. : [ . - Y
“The confxzmat1cn of 5 .cases pxoved the exlstence ot Aedes azgypti
the female mosquito that causes dengue fever [transmits dengue
viruses)--in town. The deaths of 2 children on. Friday night and .

where 18 pat;ents have been taken mlght be attxxbuted to dengue fever‘
70, o ' '
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A special team of the District Health Department headed by District,
Health Officer Dr. Khalid Rafidhawa has shifted some 16 children and 2
adults to the HFH after suspecting them cases of dengue fever on
Saturday evening (29 Aug 2008] from a village not more than 25 km from
here.” The teain was constituted after the Executive District Officer
(Health) received reports of deaths of the 2 children. The deceased as
well as all the suspects admitted at HFH have been living in a .cluster
of nearly a dozen families settled near the village Larr in Dhoke
Jhando, located in union council Thatta Khalil of Taxila.

All the 5 cases confirmed so far for the infection range. between 3 and
8 years of age. The HFH has sent blood samples of a total of 18
suspected patients of dengue fever to NIH for dengue. serology, of
‘which 5 have been confirmed positive, 9 negative, while results of 4
cases have not been finalised as yet.

Experts do believe that with the detection of § confirmed cases in the
outskirts. of twin cities of Islamabad and Rawalpindi, a rising threat
of an outbreak of dengue and DHF seems to be lurking, as the disease
has a tendency to occur in epidemics and outbreaks and spreads like
wild fire. : '

Head of Pathology Department at Rawalpindi Medical College Professor .
Dr. Abbas Hayat has repeatedly expressed to "The News™ that the spikes
of dengue fever, if they occur repeatedly, might be more deadly and
might result in severe complications, including hemorrhagic
manifestations. Two months back, he said that the situation might be
alarming after the monsoon, as the climate after monsoon is considered
to be the most suitable for the breeding of the mosquito _Aedes
aegypti_ that causes’ [transmits the viruses that cause] DF and DHF.
DHF is a cause of disease and death primarily among children in
tropical Asia. '

Studies have revealed that people at a higher risk for dengue
‘transmission are children, travellers and tourists, whereas adults
residing in endemic atreas are also susceptible to contracting the
disease. - c ’

The District Health Department has already claimed that it has- )
performed fogging and sprinkled insecticidal spray in and around Larr;
however; experts believe that a continuous surveillance is needed at
this time to avert a possible .outbreak of dengue fever, . :

[Byline: Muhammad Qasim)

‘Conmunicated. by: .
HealthMap Alerts via
" ProMED-mail <promed@promedmail.org>

[A"HealthMap/ProMED-mail interactive mﬁp of Pakistan can be accessed
at <http://healthmap.org/promed/en?v=30,69.4,55. - Mod.TY] .

'tﬁ*iii ;

" [6] Mauritius

Date: Thu 17 Aug 2009

Source: Eurosurveillance [edited] .
{http://www.eurosuxveillance.orq/Viewaticle.aspx?ﬂzticleId=19314>

:.[The followihg article presents an interesting approach for mapping
dengue outbxegks. - Mod.TY) ‘ .

Abstract . ' . .
During the month of June 2009, Mauritius experienced a short-lived
‘outbreak of dengue fever localised. in its capital city Port Louis, -
Aedes albopictus_, a secondary vector of dengue -viruses, was the
probable vector. We introduce a method which combines Google Earth -
images,. Stochastic cellular auﬁomata and scale free network ideas to

~map this outbreak, The method. could complement other-technigues: to
forecast the evolution of potential localised mosquito-borne viral

" outbreaks in Mauritius and in at-risk locations elsewhere for. public

‘health planning purposes:

71

.Reference:

T e . dem mime Yatme b i em eam -l

. Date: Fri 28 Aug 2009

. Dengue/DHF update 2009 (25) 20090622.2286 . .

" Dengue/DHF ‘update ‘2009 (21) ‘20090525.1952

Dengue/DHF update 2009 (19

SR RET

Ramchurn SK, Moheeput K, Goorah SS. éoos.'An analysis of a.short-lived

outbreak of dengue fever in Mauritius. Euro Surveill 14:19314.
Available online: .

'<ht§p://www.eurosuzveillance;o:q/viewﬁxticle.aspx?Articlejd-19314?.

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

a HealthMép/ProMED-mail interactive map of Mauritius can be accessed
at: <http://healthmap.cra/promed/en?v=-20‘3{57.9,5>. - Mod.TY] :

ook k

[7) Dominican Republic

Source: El Nuevo Diario [in Sﬁanish, txéns. Mod.TY, edited]
<http://elnuevodiazio.com.dg/app[artible.aspx?id=165814>

A dozen people, including adults and children, are affected by dengue, -
with one 'of these in .d serious -state, reported the representative of °
the municipal district Canca La Reina, -Licenciado Manuel Antonio

Rojas, The district executive said that the dreaded dengue outbreak
that hit the different communities of Canca la Reina is produced by a
strong wave of mosquitoes left by the passage of recent rains that

have fallen in the past weeks. He recalled that in 2003, 4 people. died
in this'commﬁnity[ affected by dengue, which is the reason that a call
was issued to the provincial Health Directorate so that ugrgent

measures would be taken together with the municipal goveinment to

avoid a repetition of that history. Tony Rojas said that the municipal
government-has maintained opé:ations,;o eradicate trash, mosquito
breeding sites and wells where the mosquito that”is the dengue vector
breeds. : . . ) i . N o

He pointed out that the outbreak has become present in vatioga;
communities of Canca La Reina, but the main effects have occurred in.
the Manhattan sector, whexe there is’an affected child in an extremely
serious state. "We Have called Public Health .on other occasions to
carry out work against the dengue vector mosquito,: but. they have not
reciprocated,” complained Representative Tony Rojas, He 'said that the
situation is very serious. because there are more than '12° people. .
‘affected by dengue. T T S

" Representative Tony'Roja:‘statédlthat the municipal government is = .

coordinating an urgent operation to tackle the epidemic of mosquitoes,
stressing that the -health of the population of- Canta La,B;ina is in
danger, . . K .

P

(Byline: Arcadio B. Rojas]

Communicated by:
HealthMap Alerts via .
ProMED-mail <promed@promedmail,org>’

[A‘Heal;hMap/PrcMED-ﬁail'ihteractive map showing the  Dominican

" Republic and its location in the Caribbean can be accessed at

<http:7/healthmap.crg/onmeéigp?vsla.9,-70.5i5>. ~ Mod,TY)

{see also: | N
Dengue/DHF ‘update 2009 (34) 20090823.2977
Dengue/DHF update 2009 (33) 20090817.2508
Dengue/DHF update'2009 (32) 20090811,2864
Dengué/DHF "update 2009 (31). 20090803.2723
Dengue/DHF- update 2009 (29} 20090720.2574
Dengue/DHF update 2003 (28) 20090713.2501
Dengue/DHF update 2009 (27) 20090706.2425. .
Dengue/DHF update 2009 (26) 20090629, 2353

Dengue/DHF . update 2009 (24) 20090614.2211

Dengue/DHF update 2009 (23) 20090608.2121 .
Dengue/DHF update 2009 (22) 20090601.2040

Dengue/DHF update 2009,(201"
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LETTERS

Table. Characteristics Mycobacterium bovis BCG complication cases, Taiwan, 2005-2007"

‘Patient Sex/age at )
no. - diagnosis, y Year reported Specimen Diagnosis and site of involvement

1 Fl2 2005 Biopsy sample BCG osteitis/osteomyelitis, right ankle

2 TN 2008 Baclerial isclate b is 3b left ior chest wall

3 M2 2005 Bacterial isolate Severe combined immunodeficiency, disseminated BCGitis
4 M/S 2005 Baclerial isolate Suppurative lymphadenitis

5 Fi1 . 2005 Bacterial isolate Injeclion-;i(e abscess

6 M 2005 Biopsy sample Suppurative lymphadenitis

7 M2 2006 Baclerial isolate BCG osteitis/osteomyelitis, right distal femoris

8 - W2 ‘ 2006 Bacterial isolate BCG osteitls/osteomyelitis

"9 Fi 2006 Bacterial isolate BCG osteitis/osteomyelitis, left distal femoris

10 £ 2006 Bacterial isolate BCG osteitis/osteomyelitis, left distal radius

1 . Fl2 2007 Bacterial isolate. BCG osteitis/osteomyelitis, right knee

12 M/ 2007 Bacterial isolate Subcutaneous abscess, left wrist

13 M2 2007 Biopsy sample BCG osteitis/asteomyelitis, right ankle

14 FN 2007 Bacterial Isolate Suppurative lymphadentitis

15 M/2 2007 Bacterial isolate BCG osteitis/osteomyelitis, lef proximal tibia

*BCGitis, disserninated BCG

age. In particular, suspec‘ed childhood' 2. * Yamamoto S, Yamamoto T. Historical re-  Address for correspondence: Ruwen Jou,

TB patients without an 1dent|ﬁable TB view of BCG vaccine in Japan. Jpn J In-- Reference. Laboratory of Myeobacteriology,
fect Dis. 2007;60:331-6. . o .
" contact and with normal immune sta- 3. "Plotkin SA, Orenstein WA, Offit PA. Vac- Research and Diagnostic Center, Taiwan Centers

tus were subjected to further investiga- cines, Sth-ed: Philadelphia: Saunders Ei-  for Disease Caatral, DermfN.ﬂf _Hullhf 161
tions. Multidisciplinary management, sevier; 2008:867. Kun-Yang St, Nan-Kang, Taipei, 115, Taiwan,
i i ‘labé i _ 4 Kim SH, Kim SY, Eun BW, Yoo WJ,  Republic of China; email: rwj@cdc.gov.tw
including enhanced laboratory diagno Park KU, Choi EH, et al. BCG ostemyeli- he :

sis of atypical bony lesnops in infants {is caused by the BCG Tokyo strain and
and children, is recommended for any confirmed by malecutar method. Vaccine.
suspected TB infection. Once BCG- 2008;26:4375-81. . )
related infection is conﬁn'ned medical -5, Toidal, Nakata S. Scvere adverse reaction
treatment has to be conmstent. )

with Japanese BCG. vaccine: a review,-
Kekkaku. 2007;82:809-+24.

6. ~Sheu GC, Yang SL, Lee CD, Liu DP. Ad-

/ verse events induced by BCG immuni-
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ik of Bolivian
and Jen Suo for comments and Chen-Che 7. Yeboah-Manu D, Yates MD, Wilson SM
Chiu and Chien-Chung Huang for cxcel- Application of a simple muliipiex PcR  Hemorrhagic Fever,

fent technical assistance. to #id in routine work of the ‘mycobac- 2007-—2008

terium reference laboratory. J Clin Mi-
crobiol. 2001;39:4166-8. DOI: 10.1128/ ia .
JCM.39.11.4166-4168.200f . To the Editor: Belivian hemor-

8. ScorpioA, Collins D, Whipple D, Cave D, rhagic fever (BHF) was first described
Bates {, ZT:“Y R“’“)d tiﬁ‘;‘“,‘l‘l‘f“;’“ °: in 1959 during outbreaks ' affecting
bovine an uman tubercle baciill bases . S .

) . ' on a characteristic mutation in the bovine lsolated. h'uman _°°mm‘}"mes n e?‘sf'

Ruwen Jou, Wei-Lun Huang, pyrazinamidase gene. J Clin Microbiol. e Bolivia, However, it was not until

and Wei-Ju Su 1997,35:106-10. 1963 that the etiologic agent, Machupo

, Author affiliation: Taiwan Centers for Dis- 9. Bedwell], Kairo SK, Behr MA, Bygraves virus, was isolated from the spleen of

ival Tar JA. Identification of substrains of BCG
ease Control, Taipel, Taiwan vaccine using multiplex PCR. Vaccine, 2 patient who died from this dxsease

2001;19:2146-51. DOIL: 10.1016/50264-  (J). Although no cases were reponed
410X(00)00369-8 between 1976 and 1993, an outbreak
10. .World Health Organization. Supplementa- o ourred in 1994 and sporadic cases
ry information on vaccine safety by World have been observed since then
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and. rates of adverse cvents-following im- In February and March 2007,-at
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munization. Geneva: The Organization;  [east 20 suspected BHF cases (3 fatal)

Bolivia. In February 2007, physicians
at the Hospital Santa Maria Magdale-
na reported 3 male patients (23, 27,
and 29 years of age), who worked at
-a'ranch in Magdalena, ltenez Prov-
ince (13°14'0"S, 64°12'0"W), The
patients sought treatment for fever,
gingivorrhagia, petechiae, nausea, he-

tatemesis, melena and tremors; clini-
-cal laboratory examinations. showed

thrombocytopenia . (<130,000° cells/
mm?), leukopenia (<3,900 cells/mm?),
and "hematuria. Because physicians
suspected BHF, patients received sup-

portive " therapy, including intrave-

.hous hydration, corticoids, antipyretic

drugs, antimicrobial drugs, and blood”

transfusions from donors who had sur-
vived Machupo virus infection. None-
theless, 2 of the patients dlcd 3-and 4
days after admission.

In February 2008, at least 200
su_spected new BHF cases (12 fatal)
of BHF ‘were reported to SEDES, A
febrile hemorrhagic illness developed
in a 19-year-old man from Huacaraje, -
Itenez Province (13°33°S, 63°45'W).

" On first examination at the Hospital
“Santa Maria Magdalena, the patient.
had fever, tremor, gingivorthagia, pete-

chiae, bruises, asthenia, and anorexia
and was admitted with a presumptive
diagnosis of BHF. Despite supportive
treatment (including administration of
plasma from.a BHF survivor), his con-

dition worsened; Hematemesis, mel-

ena, hematochezia, hematuria, anuria,

- respiratory alkalosis, and metabolic’

acidosis developed in the- patient,
eventually resulting in death.' A fifth
case was detected in a 46:year-old
man from San Ramon, Mamore Prov-
ince (13°170"S, 64°43'0"W), A fe-

‘brile hemorrhagic illness developed.in
the patient and he was admitted to the -

Hospital German Busch in: Trinidad.
The. patient’ recently had been hired
as a farm worker. When first seen by.

. the attending physicians, he had fever,
thrombocytopema leukopenia, pete-

chias, tremors, ‘gingivorrhagia, and de-
hydration, consistent with symptoms '

tion, conicdids, antipyretic therapy,

and a plasma transfusion.from a BHF
survivor. ‘The patient’s condition im-
proved and he was subsequently dis-
charged from the hospital =10 days
after admission.

Nineteen serum samples collected
from suspected BHF patients, includ-
ing the cases described  above, were
sent to Centro Nacjonal de Enferme-
dades Tropicales (Santa Cruz, Bolivia)

" ‘and the 'US Naval Medical Research'

Center Detachment (Lima, Peru) for
testing. Serum was injected into Vero

. and C6/36 cells; 10 days later, the cells
- were tested fo; flaviviruses, alphavi-
ruses, and arenaviruses by indirect im- -

munofluorescent assay and PCR, Five

arénavirus isolates were obtairied from .

the patients described in this report.
Viral RNA was extracted from the

“cell culture supernatant and the small

LETTERS -

(S) segment (=3,200 bp) was ampli-
fied and sequenced. Phylogenetic
analyses -were conducted usinig the
neighbor-joining and maximum likeli-
hood program implemented in PAUP
4.0 software (Sinauer Associates, Inc.,
Sunderland, MA, "USA). Sequence °
analyses confirmed the isolates as
Machupo virus (Figure). Eight major -
Machupo phylogenetic lineages were *

described based on partial sequence of "

the nucleocapsid protein gene (2). We

observed a similar trec topology-based. .

.on the glycoprotein gene sequences .
(Figure). Two dlstmgt lineages were -
distiriguished among the isolates from -
the .Itenez and Mamore provinces:
V and VII and I and 11, respectively,
The recent jsolates (2007-2008) from
Magdalena and. Huacaraje . (Itenez
Province) grouped within, lincage V
whereas the 2008 xsolate from. San

9430081 Magdalena 94
924203-unknown
9430072-Magdalena 94
9430082-Magdalena 94 o
9430084-Magdalena 94 | Lineage VI
9430071-Magdalena 94 ltenez
9430075-Magdalena 94 .
-9430666-Magdalena 94 -

v‘:.:. _10 -

l- $430076-Magdalena 94 | e

MARU 249121-unknown 64 | - ‘Lineage VI.
100' 200002427-Huacaraje 00

- - FSB 2334-Huacaraje 08

Carvallo AF485260-San Joaquin 63
| Carvalio AY 129248-unknown ~

84,

FSB 2041-Magdalena 07. | U?tz:‘geg v :
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LETTERS

Ramon (Mamore Province) belonged
to lineage II. These isolates showed
10% nucleotide difference within the
S segment and a 6% amino acid dif-
ference within the glycoprotein pre-
cursor gene. Similar genetic diversity
has been described with Machupo vi-
rus and other arenaviruses (2—4). Se-
quences generated were deposited in
GenBank (accession nos. FJ696411,
F1696412, F1696413, F1696414, and
F1696415). }

It is not known whether lineage
VIl and I viruses continue to circulate
.or have been replaced by lineage V
and 11 viruses, respectively. This study
confirms the-Jong-term maintenance
of distinct phylogenetically forms of
Machupo virus in a small area within
Beni. Although ‘the distribution of
the Machupo virus. rodent A_‘nmo?o:
(Calomys callosus) extends beyond
‘the geographic area of the Machupo

cases described, factors that limit the.

_endemic distribution of the virus re-
majn unknown. However, population
differences among C. callosus may
account for the natural nidality of
BHF (). Studies are nceded to fully
identify and understand. the ‘ecology.-

 of the rodent reservoir and Machupo

.virus transmission. ]

Machupo virus continues to cause

. sporadic’ cases” and focal outbreaks
of BHF in -Bolivia. We describe §
confirmed human cases (3 fatal) of
Machupo virus infection. in Beni De-
partment, Bolivia, an area in which
BHF is endemic. That all 5. patients
were farmers suggests their infections
were probably acqujred through. oc-
cupational exposure. Although all the
patients received plasma transfusion
from patients who had survived BHF
infection, 3 patients still died. An early

diagnosis and the rapid administration’
of Machupo imimune plasma before -
“the hemorrhagic phase may increase.

the chance of survival, as has been
observed with other arenavirus infec-

tions (6-8).
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Relapsing Fever
‘Spirochete in

. Seabird Tick, Japan

To the Editor: Tick-bome relaps-
ing fever (TBRF) is caused by infec-
tion with spirochetes belonging to
the genus Borrelia. We previously re-
ported a human case of febrile illness
suspected to be TBRF on the basis
of serologic examination results; the.
vector most likely was a genus Carios
tick that had fed-on a seabird colony
{J). However, surveillance of ticks in

"the area did not identify Borrelia.spp. .

in any of the Carios ticks sampled (2);
In 2007 and 2008, a borreliosis inves-
tigation was conducted on Kutsujima
Island (35.71'N, ' 135.44'E) bécause
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the pathophysiology of chytridiomycosis ap-
pears ta be disruption to the osmoregulatory
functioning of the skin and consequent osmotic
imbalance that leads to cardiac standstill.

To test whether treating electrolyte abnormal-
ities would reduce the clinical sigus of discasc,
we administered an oral electrolyte supplement
to L. cacrulea in the terminal stages of infection,
when they lost the righting reflex and could na
longer comredt their body positions (26). Frogs
under treatment recovered a normal posture and
became more active; one ‘individual recovered
sufficiently ta climb out of the water onto the
coritainer walls, and two individuals were able to
Jjump to avoid capture. These signs of recovery
were not observed in any untreated frogs. In
addition, treated frogs Yived >20 hours longer
than untreated frogs [incan time afier treatment ¢
SEM: treated frogs (N = 9), 32 + 2.8 hours;
control frogs (V=+), 10.7 £ 2.2 hours; Student’s 1
test, P < 0,001]. All teated frogs continued to
ed skin and wliimately died from the infection,
s expected. It is unlikely that electrolyte treatment
could prevent death unless the epidenmal damage
caused by Bd is reversed. Although amphibians
can generally tolerate greater clectrolyte fluctua-
tions than other terrestrial vertebrates (18), we
suggest that depletion of electrolytes, especially
potassiuny, is important in the pathophysiology of
chytidiommycosis, Amphibian plasma potassiun
ions are maintained at constant levels
across scasons (27), and even moderate hypoka-
lemia is dangerous in humans (28).

Qur results support the epidermal dysfunction
hypothesis, which suggests that Bd disrupts cuta-
neous osmoregulatory function, leading to elec-
trolyte imbalance and death. The ability of Bd to

conee

compromise the epidermis explains how a super-
ficial skin fungus can be fatal to tnany species of
amphibians; their existence depends on the phys-
iological interactions of the skin with the external
environment (76-19). Disease outbreaks capa-
ble of causing population declines require the
alignment of multiple variables, including a life-
compromising pathophysiology (7). Resolving
the pathogenesis of chytridiomycosis is a key step
in understanding this unparalieled pandemic.
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Detection of an Infectious Retrovirus,

_XMRYV, in Blood Cells of Patients
~with Chronic Fatigue Syndrome

Vincent C, Lombardi,* Francis W, Ruscetti,?* Jaydip Das Gupta,® Max A. Pfost,* :
Kathryn S. Hagen,” Daniel L Peterson, Sandra K. Ruscetti,* Rachel K. Bagni,®
Cari Petrow-Sadowski,* Bert Gold,? Michael Dean,? Robert H. Silverman,’ Judy A. Mikovits*t

Chronic fatigue syndrome (CFS) is a debilitating disease of unknown etiology that is estimated to
- .affect 17 million people worldwide. Studying peripheral blood moncnuclear cells (PBMCs). from
CFS patients, we identified DNA from a human gammaretrovirus, xenotropic murine {eukemia
virus—related virus (XMRV), in 68 of 101 patients (67%) as compared to 8 of 218 (3.7%) healthy
controls, Cell culture experiments revealed that patient-derived XMRV is infectious and that both
cell-associated and cell-free transmission of the virus are possible. Secondary viral infections
were established in uninfected primary lymphacytes and indicator celt lines after their exposure to
activated PBMCs, B cells, T cells, or plasma derived from CFS patients, These findings raise the
possibility that XMRV may be a contributing factor in the pathogenesis of CFS,

hronic. fatigue syndrome (CFS) is a dis-
order of unknown etiology that affects mml-
) tiple organ systenis in the body, Patients
‘with. CFS display abnormalities in immune sys-

tem function, often including chronic activation

of the innate immune system and a deficiency in
natural killer celt acrivity (/, 2). A number of
viruses, including ubiquitous herpesviruses and

enteroviruses, have been implicated as possible

environmental triggers of CFS (J), Patients with -

CFS ofien have active B hemesvirus infections,
suggesting an underlying immune deficiency.
The recent discovery of a gamunaretrovins,

" xenotropic murine leukemin virus—related virus

(XMRV), in the tamar tissue of a subset of pros-
tate cancer patients prompted us to test whether
XMRV .might be associated with CFS. Both of
these disorders, XMRV-positive prostate cancer
and CFS, have been linked 10 alterations in the
antiviral enzyme RNase L (3~5), Using the
Whittemore Peterson Institute's (WPI’s) national
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RTS REPORTS .
tissue repository, which coutains samples from: o . NoerI Controls
well-characterized cohorts of CFS patients, we A “EFi P'a"e"tsm 8 N T
isolated nucleic acids from PBMCs and assayed ggseE3E3RER F §i z % 'g"g 3 g g % % 3 g .
ETEITELEEEDE £
the samples for XMRV gag sequences by nested § ;é §§ § § § § § ;%‘ K] 3 §8 95 & 53 § Fl
- |

polymerase chain reaction (PCR) (3, 6). Of the
101 CFS samples analyzed, 68 (67%) contained
KMRV gag sequende. Detection of XMRV was
confimed in 7 of 11 WPI CFS samples at the
Cleveland Clinic by PCR-amplifying and sequenc- ©
ing segments of XMRV env [352 nucleotides ()]
and gug (736 nt) in CFS PBMC DNA (Fig. 1A)
(6). In contrast, XMRYV gag sequences were de-
tected in 8 of 218 (3.7%) PBMC DNA specimens
from healthy individuals. Of the 11 heaithy con-
trol DNA samples analyzed by PCR for both env
and gag, only onc sample was positive for gag

- and none for env (Fig. 1B). In all positive cases,
the XMRV gag and env sequences were more
than 99% simnilar to those previously reported for
prostate umor—associated strains of XMRV (VP62,
VP35, and VP42) (fig. S1) (5).

A .
WPI-1118 Normat PBMC
100 1000 10000
WPI-1237
C
w8:
u~SFFV
Env
we, 527
a-MLVY 38—
p30 Gag. 31—

24—

Fig. 2. Expression of XMRV proteins in PBMCs from CFS patients. (A) PBMCs
were activated with phytohemagglutinin and interleukin-2, reacted with a
mAb to MLV p30 Gag, and analyzed by IFC. (B) Lysates of activated PBMCs
from CFS patients (lanes 1 to 5) were analyzed by Western blots with rat mAb
to SFFV Env (top panel), goat antiserum to xenotropic MLV (middle panel), or

goat antiserum to MLV p30 Gag (bottom panel). Lane 7, lysate from SFFV-.

infected HCD-57 cells. Molecular weight markers in kilodaltons are at_lefL ©

585 586. 23 OCTOBER 2009 VOL 326

- gapd"‘ _‘_

Fig. 1. XMRV sequences in PBMC DNA from CFS patients. Single-round PCR results for gag, env, and gapdh
sequences in PBMCs of (A) CFS patients and-(B) healthy cantrols are shown, The pasitions of the amplicogs are
indicated and DNA markers (ladder) are shown. These are representative results from one group of 20‘pauen§.' s

wB:
a-SFFV
Env

wB:
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MLV

we:
a-MLV

"7I00 1000 10000
“WPI-1118] -
" Beells:

WPI-1118
CD4+ T cells

17770300 1000" 10000 T 100 1000 Y6000

Lysates of activated PBMCs from healthy donors (lanes 1, 2, 4, 5, and 7)or
from CFS patients (tanes 3 and 6) were analyzed by Western blots using rat: .
mAb to SFFV Env (tap panel) or goat antiserum to MLV p30 Gag {bottom .-
panel).’ Lane 8, SFFV-infected HCD-57 cells. Molecular weight (MW) markers )
in kilodaltons are at left. (D) CD4” T cells (left) or CD19™ B cells (right) were | -
purified, activated, and examined by flow cytometry for XMRV Gag with:a. *
mAb to MLV p30 Gag. : ) [

SCI‘ENCE www.sciencemag.org
80 - S



Sequences of full-length XMRV genornes fiom

two CFS patients and a partial genome from a third

" patient were generated (table S1). CFS XMRV
steains 1106 and 1178 each differed by 6 nt from

A Eg i 8
2 2 5

wBa:

a-~SFFV 76—

Env

WB:

Fig. 3. Infectious XMRV in PBMCs from CFS patients, () Lysates of (NCaP cefls
cocuttured with PBMCs from CFS patients (lanes 1, 3, and 5) or healthy donors (lanes
2 and 4) were analyzed by Westem blots with rat mAb to SFFV Env (top panel) or
903t antiserum to yenotropic MLV (bottom panel). Lane 6, uninfected INCaP; lane 7,

~
@
-

BSup-T1/1141

patients. Lanes 7.and 8 are secondary infections of normal activated T cells. Initially,
patients WP!-1220 (lane 7) and WPI-1221 (lane 8); Lanes 2 and 3, uninfected T cells;

o
§ §
Z z

the reference prostate cancer strain XMRV VP62
(EF185282), and with the exception of § nt, the
variant nucleotides mapped to different locations
within the XMRV genome, suggesting indepen-

g
Precursors

——p30 Gag

REPORTS

dent infections, In comparison, prostate cancer—
derived XMRYV strains VP35 and VP42 differed

- from VP62 by 13 and 10 nt, respectively. Thus, the

complete XMRV genomes in these CFS patients

SFFV-infected HCD-57 cells. MW markers in kilodaltons.are at left, (8) Transmission

. electron micrograph of a budding viral particle from INCaP cells' infected by -
incubation with an activated T cell ‘culture from a CFS patient.(C) Tranismission
electron micrograph of virus particles released by infected LNCaP cells, :

D Antibody Reactivity to BaF3ER

' ~ed—gp70 Env

®.~#—SFFV Env

10 * Yoo
AntkHoman G

"IGag
Precursors

~a—p30 Gag

Normal plasma |
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i Control e
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Antibody Reagtivity 1o BaF3ER-SFFV Env
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Fig. 4. Infectious XMRV and antibodies to XMRV in CFS patient plasma. (A)
Plasma from CFS patients (lanes 1 to 6)-were incubated with INCaP cells and
lysates were prepared after six passag i
by Western blots with rat mAb ta SFFV Env (top panel) or goat antiserum to MLV
P30 Gag (bottom panel). Lane 7, uninfected LNCaP; lane 8, SFFV-infected HCO-
57 cells. MW markers in kilodaltons are at left, (B) Cefl-free transmission of
XMRV to the SupT1 cell line was demonstrated using transwelt cocufture with -
patient PBMCs, followed by nested gag PCR. Lane 1, MW marker. Lane 2, SupTl

Viral protein exp was detected

. _ ' ’ cocultured with Raji. Lanes 3 to 7, SupT1 cocultured with CFS patient PBMCs.
Lane 8, no template control (NTC). (C) Normal T cells were exposed to cell-free supernatants abtained from T cells (lanes 1, 5, and 6)or B cells, (tane 4) from CFS

uninfected primary T cells were exposed to supernatants from PBMCs of
lane 9, SFFV-infected HCD-57 cells. Viral protéin expression was detected

by Western blot with a rat mAb-to SFFV Env. MW markets in kilodaltons are at left. (D) Plasma samples from a CFS patient or from a healthy control as well as

SFFV Env. mAb or control were reacted with BaF3ER cells (top) or BaF3ER cells expressing recombinant SFFV Env (bottom) and-analyzed by flow cytometry. igG,

immunoglobulin G. :

-
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were >99% identical in sequence to those detected
in patients with prostate cancer, To exclude the pos-
sibility that we were détecting a muwine leukemia
virus (MLV} laboratory contaminant, we deter-
tnined the phylogenetic relationship among endog-
enous (non-ccotropic) MLV scquences, XMRV
sequences, and scquences from CFS patients
1104,'1106, and 1178 (fig. S2). XMRV sequences

from the CFS patients clistered with the XMRV

sequences from prostate cancer cases and-formed
2 branch distinct from non-ccotropic MLVs com-
mon in inbred mousc strains. Thus, the virus de-
fected in the CFS patients’ -blood samples is
uniikely to be a contaminant,

To determine whether XMRV proteins were

-expressed in PBMCs from CFS patients, we de-

veloped intracellular flow cytometry (IFC) and
‘Western blot assays, using antibodies (Abs) with
novel viral specificities. These antibodies included,
among others, (i} rat monocional antibody (mAb)
to the sploen focus-forming virus (SFFV) eavelope
(Env), which reacts with all polytropic and
xenotrapic MLVs (7); (i) goat antisera to whole
mouse NZB xenotropic MLV, and (iii) a rat mAb
to. MLV p30 Gag (8). All of these Abs detected
the human VP62 XMRV strain grown in human
Raji, LNCaP, and Sup-T1 cells (fig. S3) (5). IFC
of activated lymphocytes (6, 9) revealed that 19
of 30 PBMC saniples from CFS patients reacted
with the mAb to MLV p30 Gag (Fig. 2A). The
majority of the 19 positive samples also reacted
with antisera to other purified MLV proteins (fig.
S4A), Tn contrast, 16 healthy control PBMC cul-
tures tested negative (Fig. 2A and fig. S4A). These
results were confirmed by Western blots (Fig. 2,

‘B and C) (6) using Abs to SFFV Env, mouse

.of XMRYV proteins (Fig. 2C). The frequencies of

xenotropic MLV, and MLV p30 Gag. Samples
from five healthy donors exhibited no . i

onsly shown to be permissive for XMRV infec-
tion (J2). After coculture with activated PBMCs
from CFS patients, LNCaP cells expressed XMRV
Env and multiple XMRV Gag proteins when
analyzed by Westem blot (Fig. 3A) and IFC (fig.
S5A). Transmission elecwon mi opy (EM) of

We have discovered a highly significant asso-

clation between the XMRV retrovirus and CFS.

This observation raises several important ques-
tions. Is XMRYV infection a causal factor in the
pathogenesis of CFS or a passenger virus in the
ir Py i CFS patient population?

the infected LNCaP cells (Fig. 3B), as wellas virus -

preparations from these cells (Fig. 3C), revealed

90- to 100-nm-diameter budding particles con-

sistent with a gamma (type C) retrovirus (13).
We also found that XMRV could be trans-

.mitted from CFS paticnt plasma to LNCaP cells

when we applied a virus centrifugation protocol
to enhance infectivity (6, 14, /5). Both XMRV
£p70 Env and p30 Gag were abundantly ex-
pressed in LNCaP cells incubated with plasma
samples from 10 of 12 CFS patients, whereas no
viral protein expression was detected in LNCaP
cells incubated with plasina samples from 12

"healthy donors (Fig. 4A). Likewise, LNCaP cells

incubated with paticnt plasma tested positive for

"XMRYV p30-Gag in IFC assays (fig. S5B). We

also observed cell-free transmission of XMRV-
from the PBMCs of CFS patients to the Tceli line
SupT! (Fig. 48) and both primary and secondary
transmission of cell-fiee virus from the activated
T cells of CFS patients to normal T cell cultures

(Fig. 4C). Together, these results suggest that .

both cell-associated and cell-free transmission of
CFS-associated XMRYV are possible. .
We next investigated whether XMRV stim-
ulates an immune response in CFS patients. For
this purpose, we developed a flow cytometry as-
say that allowed us to detect Abs to XMRV Env
by exploiting its. close homology to SFFV Env
(76). Plasma from 9 out of 18 CFS patients in-

fected with XMRV reacted with a mouse B cell

line rece

CFS cases versus healthy controls that were pos-
itive and negative for XMRV sequences were
used to calculate a Pearson 7§z value of 154 (two-
tailed P value of 8.1 x 107*), These data yield
an odds ratio of 54.] (a 95% confidence interval
of 23.8 to 122), suggesting .a nonrandomn asso-
ciation with XMRV and CFS patients,

To determine which types of lymphocytes-in
blood express XMRV, we isolated B and T cells
from one patient’s PBMCs (6). Using mAb to
MLV p30 Gag and IFC, we found that both ac-
tivated T and B cells were infected with XMRV
(Fig. 2D and fig. S4A). Furthermore, using mAb
to SFFV Env, we found that >95% of the cells in
a B cell line developed from another patient were
positive for XMRV Env (fig. S4B). XMRV pro-
tein expression in CFS patient-derived activated
T and B cells grown for 42 days in culture was

- confirmed by Western blots (fig. S4C) using Abs

to SFFV Env and xenotropic MLV,
" We next iovestigated whether the viral pro-
teins detected in PBMCs from CFS paticnts rep-

p g recombinant SFFV Env (BaF3ER-
SFFV-Env) but not to SFFV Euv negative con-
tro} cells (BaF3ER), analogous to the binding of

“the SFFV Env mAb o these cells (Fig, 4D and

S6A). In contrast, plasma from seven healthy
donors did not react (Fig. 4D and fig. S6A).
Furthermore, all nine positive plasma samples
from CFS paticuts but none of the plasma sam-
ples from healthy donors blocked the binding of

- the SFFV Env mAb w0 SFFV Env on the cell

surface (fig. S6B). These results are consistent
with the hypothesis that CFS patients mount a
specific immune response to XMRY,
Neurological maladies and immune dysfunc-
tion with inflammatory cytokine and chemokine
up-regulation are some of the most cominonly
reported features associated with CFS. Several
retroviruses, including the MLVs and the pri-
mate retroviruses HIV and HTLV-1, are associ-

ated with neurological diseases as well as cancer .

(17). Studies of retrovirus-induced nexrodege

.

What is the relationship between XMRV infec-
tion status and the presence or absence of other
viruses that are often associated with CFS (e.g.,
herpesviruses)? Conceivably these viruses could
be cofactors in pathogenesis, as is. the case for
HIV-mediated discase, in which co-infecting path-
ogens play an important role (20). Patients with
CFS have an elevated incidence of cancer.(21).
Does XMRYV infection slter the fisk of cancer
development in CFS? As noted above, XMRV -
has been detected in prostate tumors from pa-”
tients expressing a specific genetic variant of the
RNASEL gene (5). In contrast, in our study of this
CFS cobott, we found that XMRYV infection sta-
tus does not conelate with the RNASEL genotyps, .
(6) (wble S2), . ' 9

Finally, it is worth noting that'3.7% of thé” -
“healthy donors in our study tested positive for

XMRYV sequences. This suggests that several
million Americans ray be infected with a retro- |
virus of as yet unknown pathogenic potential,

\
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no_su_ma Reconstitution of a Highly
Reducing lterative Polyketide Synthase

Suzanne M. Ma,” Jesse W.-H. Li,% Jin W. Choi,® Hui Zhou, K. K. Michael Lee,’
Vijayalakshmi A. Moorthie,? Xinkai Xie," James T. Kealey,* Nancy A. Da Silva,

John C. Vederas,?* Yi Tang’*

Highly reducing iterative polyketide synthases are large, multifunctional enzymes that make
important metabolites in fungi, such as lovastatin, a cholesterol-lowering drug from Aspeérgillus
terreus. We report efficient expression of the lovastatin nonaketide synthase (LovB) from an

- “ngineered strain of Saccharomyces cerevisiae, as well as complete recanstitution of its catalytic
"7 inction in the presence and absence of cofactors (the reduced form of nicotinamide adenine

dinucleotide phosphate and S-adenosylmethi

) and its partner enzyme, the enoyl reductase

LovC. Our results demonstrate that LovB retains correct intermediates until completion of
synthesis of dihydromonacolin L, but off-loads incorrectly processed compounds as pyrones or
hydrotytic products. Experiments replacing LovC with analogous MicG from compactin biosynthesis
demonstrate a gate-keeping function for this partner enzyme. This study represents a key stepin
the understanding of the functions.and structures of this family of enzymes. .

. ature uses an amazing array of enzymes
. _ I _ to make natura products (7). Among these

metabolites, polyketides rey aclass

ketosynthase (KS), malonyl-coenzyme A (CoA)
acyltransferase (MAT), dehydratase (DH), methyl-
ferase (MT), ketorod

of over 7000 known structures of which more than
20 are commercial drugs (2). Among the most
interesting but least understood enzymes making
these compounds are the highly reducing iterative
polyketide synthases (HR-IPKSs) found in fila-
mentous fungi (3). In contrast to the well-studied
 bacterial type I PKSs that operate in an assembly
line fashion (4), HR-IPKSs arc megasynthases
that function iteratively by using a set of catalytic
domains repeatedly in different combinations to
‘oduce structurally diverse fungal metabolites (.5).
One such metabolite is lovastatin, a cholesterol-
lowering drug from Aspergillus terreus (6). This
compound is 2 precursor to simvastatin (Zocor,
. Merck, Whitchouse Station, NJ), a semi-synthetic
drug that had annua] sales of tnore than $4 billion
before loss of patent protection in 2006 (7).
Biosynthesis of 1ovastatin proceeds via dihy-
dromonacolin L (acid form 1, lactone form 2), a
product. made by the HR-IPXS lovastatin non-
aketide synthase (LovB), with the assistance of a
separate enoyl reductase, LovC (8) (Fig. 1). LovB
is a 335-kD protein that contains single copies of

*Department of Chemical and Biomalecular Engineering,
. University of California, Los Angeles, CA ‘90095, USA.
Department of Chemistry, (niversity of Alberta, Edmon-
“ton;" Alberta, T6G 262, Canada. *Department of Chemical
. Engineering and Materials Science,. University of Califor-
nia, levine, CA 92697, USA. “Amyris Biotechnologies, 5885
Hollis Street, Suite 100, Emeryville, CA 94608, USA.

_*Yo whom cof d should be add d.  E-mait:
(berta.ca (LC.V.); yi la.edu (v.1.).

that is homologous to the condensation (CON)
domain found in nonribosomal peptide synthe-
tases (NRPSs) (9). It also contains a domain that
resembles an enoy! reductase (ER) but lacks that
activity, LovB must catalyze ~35 reactions and
use differcnt permutations of tiloring domains
after ‘cach of the cight chain-extension steps to
yield the nonaketide, dibydromonacolin L (2).
This enzyme also catalyzes a biological Diels-
Alder reaction during the bly process to
for the decalin ring system (70). In vitro studies
of LovB (1]) have been hampered by an inability
to obtain sufficient amouuts of the functional pu-
rified megasynthdse from either 4, ferreus or

heterologous Aspergillus hosts. As a result, the’
programming that governs metabolite: asseinbly -

by LovB or other HR-IPKSs is not understood.
Key aspects that remain to be elucidated include
{i) the catalytic and structural roles of cach do-
main in the megasynthase, (ii) substratc specific-
ities of the catalytic domains and their tolerance
to perturbation in megasynthase functions, and
(iii) factors govemning the choice of different
combinations of domains during cach iteration of
catalysis. To initiate such studies, we engineered
an expression system in yeast to produce large
amounts of LovB and examined the influence
of cofactors and the ER partner (e.g., LovC) on
product formation. . :
The engineered Saccharomyces cerevisiae
strain B}5464-NpgA, which contains a chromo-

(KR), and acy)- -
carrier protein (ACP) doniains, as well as a section

somal copy of the dspergillus nidulans phospho-
pantetheiny] (ppant) transferase gene npgd (42), was
the expression host. A C-terminal hexahistidine-
tagged LovB was placed under the control of
the S. cerevisiae ADH2 promoter (73, 14) on an
episomal plasmid (YEpLovB-6His). Abundant ,
amounts of the intact LovB could be purified
from the soluble fraction to near homogeneity
with a final yield of ~4.5 mg/L (fig. $1). We used
mass analysis of tryptic digest fragments to verify
the identity of the recombinant LovB, The ACP
domain of LovB was_determined to be nearly
plctely phosphopantetheinylated by using a
ppant cjection assay with high-resolution quadru-
pole orthogonal acceleration—time-of-flight mass
spectromnetry (fig. S2). To ascertain activity of the
resulting LovB and to examiue the necessity for
cofactors, malonyl-CoA alone was first added to
the purified enzyme 'in buffer. Whole-cell feed-
ing studies- of doubly {'>C, *H}-labeled acetate to
cultures of 4. terreus showed that all three ace-
tate hydrogens were incotporated into the acetate-

s

- derived starter units for both the nonaketide and’

diketide moietics inJovastatin (/5), The purified
LovB can use malonyl-CoA for both chain prim-
ing and chain elongation, loading tmalonate with
decarboxylation to make the acety] starter unit.
Although LovB is able to prime with and clongate
the chain by two further condensations. with’
malonyl-CoA, in the absence of the reduced form
of nicotinamide adenine dinucleotide phosphate
(NADPH), no ketoreduction occurs. The domi-
nant product is lactone 3 (Fig. 2A, trace i); which
forms by enolization and cyclization with off-
foading of the unreduced triketide. Addition of

-NADPH to this systein enables function of the -

KR domain. In this and subsequent experiments,
the mialonyl-CoA could be conveniently synthe-
sized in sito by malonyl-CoA synthase (MaiB)
from Rhizobium trifolii using free malonate and
CoA (16). With KR enabled, LovB makes penta-,
hexa-, and heptaketide pyrones 4 to 6, as well as

ketones 7 and 8 (Fig. 2A, trace ii). The structures
" were confinned by chemical synthesis of authen-
“tic standards, except for heptaketide 6, which

proved very unstable. However, the mass increase

“of 26 atomic mass units for 6 and its red shift in

the ultraviolet spectrum when compared to § we
consistént with its proposed heptaketide pyrone
structure (table S3). Compounds 7 and 8 result
from thioester hyduolysisof penta- and hexaketides -
stalling on the ACP. at the p-keto stage. The re-
sulting B-keto acids spontancously decarboxylate
to afford 7 and 8. Formation of compounds 4 to 8
illustrates that derailment in the normal pro-
gramined steps, namely the lack of methylation
due to the absence of S-adencsylmethionine -
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