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Guidance for Industry

Use of Serological Tests to Reduce the Risk of
Transmission of Trypanosoma cruzi Infection in
Whole Blood and Blood Components for

Transfusion and Human Cells, Tissues, and
Cellular and Tissue—Based Products- (HCT/Ps) -

DRAFT GUIDANCE

This guidance document is for comment purposes only.

Submit comments on this draft guidance by the date provided in the Federal Register notice
announcing-the ayailability of-the. draftgmdance Submit written comments to the Division of
Dockets Managcmenﬁ;(]ﬁ‘A-—B 053, Fosd arid Bm&Adnnmstratmn 5630 Fishers Lane, Rm. 1061,
Rockville, MD: 20852, Submiit electronic. comments to http: S www: regulatlons gov. You should
identify all comments with the docket number listed in the notice of availability that pubhshes in
the Federal Register. : . .

- Additional copies of this draft guidance are available from the Office of Communication,
Outreach and Development (OCOD) (HFM-40), 1401 Rockville Pike, Suite 200N, Rockville,
MD 20852-1448, or by calling 1-800-835-4709 or 301-827-1800, or from the Internet at
http://www.fda.gov/cber/guidelines.htm. - ‘

For questions on.the content of this guidance; contact OCOD at the phone numbers listed above.
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Guidance for Industry

Use of Serological Tests to Reduce the Risk of Transmission 6f
Trypanosoma cruzi Infection in Whole Blood and Blood Components

for Transfusion and Human Cells, Tissues, and Cellular and
Tissue-Based Products (HCT/Ps)

This draft guidance, when finalized, will represent the Food and Drug Administration’s (FDA’s)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 reguldtions. If you 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.

I. - INTRODUCTION

We, FDA, are notifying you, establishments that manufacture Whole Blood and blood
components intended for use in transfusion, and establishments that make eligibility
determinations for donors of HCT/Ps, about FDA approval of a Biologics License Application
{BLA) for an enzyme-linked immunosorbent assay (ELISA) test system for the detection of
antibodies to Trypanosoma cruzi (I. cruzi). This test is intended for use as a donor screening test
to reduce the risk of transmission of 7 cruzi infection by detecting antibodies to 7% cruzi in
plasma and serum samples from individual hitman:donors, including donors.of Whole Blood and
blood components intended for use in transfusion, and HCT/P donors (living and cadaveric (non-
heart beating)). This guidance document does not apply to the collection of Source Plasma.

In addition, we are providing you with recommendations for unit and donor management, .
labeling of Whole Blood and blood components, and procedures for reporting implementation of
a licensed 7. cruzi test at your facility or at your contract testing laboratory, as required for blood
establishments under Title 21 Code of Federal Regulations 601.12 (21 CFR 601.12). For
establishments that make donor eligibility determinations for HCT/P donors, we are notifying
you that we have determined 7. cruzi to be a relevant communicable disease agent under

21 CFR 1271.3(r)(2), and are providing you with recommendations for testmg and screening
donors for antlbodles to T. cruzi.

The recommendations inade in this guidance with respect to HCT/Ps are in addition to
recommendations made in the document entitled “Guidance for Industry: Eligibility
Determination for Donors of Human Cells, Tissues, and Cellular and Tissue-Based Products
(HCT/Ps) ” dated August 2007 (Ref. 1)

20
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We recommend that you implement the recommendations provided in this guidance within one
year after a final guidance is issued.

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.

IL BACKGROUND

Chagas disease is caused by the protozoan parasite, I. cruzi. The disease is found primarily in
Mexico and Central and South America; the pathogenic agent has rarely been reported to cause

-human infection in the United States (U.S.) by natural vector transmission (Ref. 2). Natural
infections are transmitted mainly when the feces of certain blood sucking insects (triatomine
bugs, commonly referred to as kissing or chinch bugs) that harbor the infection are rubbed into a
bug bite, other wound, or directly into the eyes or mucous membranes. Other primary forms-of
transmission include congenital (mother to unborn infant), organ transplantation, and blood
transfusion. Current estimates are that at least 11 million persons in Mexico and Central and
South America carry the parasite chronically and could present a potential source of infection
should they become donors. The presence of the pathogenic agent in U.S. and Canadian donors
is increasing due to immigration of infected individuals from endemic areas. Some experts
estimate that there may be as many as 100,000 persons unknowmgly infected with 7. cruzi, who
reside in the U.S. and Canada.

Vector-borne infections are mostly mild in the acute phase and then, persist throughout life,
usially without symptoms. Acute infection in patients with compromised immune systems, for
example, from cancer therapy or organ transplantation, can be very serious and sometimes fatal.

" Treatment options are limited, but are most effective early in the infection. The lifetime risk of
severe cardiac complications (cardiomegaly, heart failure and arrhythmias) or infestinal disorders
‘(megacolon, megaesophagus) in infected individuals averages about 30% (range of 10 to 40%
depending on a variety of factors) and may occur many years after the initial infection. During
the acute phase of vector-borne Chagas disease, parasites are found in skin lesions at the site of
transmission. The parasifes are then spread through the bloodstream to various tissues,
particularly skeletal muscle (Ref. 3). During the chronic stage of Chagas disease, most persons
who harbor the parasite are asymptomatic and unaware of their infection. During this phase,
parasites have been demonstrated in muscle (especially cardiac muscle), nerves; and digestive
tract, but there has been very httle 1nvest1gat10n of tissue dlstnbutlon during that phase (Refs. 3
through 10). '
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A. Donor Screening Tests for Chagas Disease in the United States

At the September 1989 Blood Products Advisory Committee (BPAC) meeting, the
committee recommended testing donors of Whole Blood and blood components for
Chagas disease when a suitable test became available. In a 1995 BPAC meeting, the
comimittee considered whether the performance characteristics of the two FDA-approved
tests then available for diagnosis of Chagas disease would be suitable for blood donor
screening. The committee concluded that the tests discussed were not suitable for blood
donor screening. Furthermore, the committee sought clarification of the criteria that FDA
would use to license a Chagas test for donor screening. At the September 2002 meeting
of BPAC, FDA presented its current considerations on the regulatory pathway and
standards for licensing a donor screening test for Chagas disease and encouraged
manufacturers to develop tests based on those considerations (Ref. 11).

In December 2006, FDA granted a license to one manufacturer of an ELISA test system ¥
for the detection of antibodies to T. cruzi in individual living blood and HCT/P donors.
Since the end of January 2007, a number of blood centers representing a large proportion
of U.S. blood collections have been testing donors using this licensed assay. In February
2009, FDA. licensed this ELISA test system for the detection of antibodies to 7. cruzi in
cadaveric (non-heart beating) HCT/P donors.

Blood donor testing by an ELISA test system identifies donors that are repeatedly
reactive for antibodies to T. cruzi. The presence of antibodies to 7. cruzi is strong

- evidence that a-donor is infected with this parasite. Most donors that are repeatedly
reactive by an ELISA ‘test system for antibodies to T. cruzi have chronic, asymptomatic
infections acquired years earlier during residence in areas endemic for T. cruzi.
Therefore, prior donations from a donor who is repeatedly reactive on an ELISA test
system were likely-to, harbor T cruz: parasites.

At the April 2007 BPAC meeting, FDA requested comments on scientific issues related
to the implementation of blood donor testing for infection with 7. cruzi (Ref. 12). Issues =~ ;1%
discussed by the committee included the need for additional data on the incidence and | e
risk of transmission of 7. cruzi by transfusion, the severity of Chagas disease, the .~
performance of the antibody test, and, the lack of a licensed supplemental test for

" confirmatory testing;

The committee also coramented on the design of research studies to validate a strategy
for selective testing of repeat blood donors. The committee noted that a period of

* " universal testing of all blood donors would generate critical data on the prevalénce of T.
cruzi infections in donors and that donor questions for selective donor screenmg needed
validation.
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B. Risk of T. cruzilnfection from Transfusion of Whole Blood aﬁd Blood
Components

Blood donations from individuals from endemic areas are the primary source of risk for

. T. cruzi infection from transfusion. Studies in the mid-1990s (Ref. 1) estimated that the
rate of seropositive blood donors in the U.S. ranged from 1 in 5400 to 1 in 25,000,
depending on where the studies were conducted. However, more recent studies suggest
that these rates have increased in the areas where donor testing has been performed over a
period of time. For example, a rate of 1 in 2000 was found recently in the Los Angeles
metropolitan area (Ref. 14). Transfusion transmission in endemic areas has been a major
public health concern, and many countries considered endemic for 7. eruzi infection
screen blood donors for the presence of antibody. Therefore, in response to changes in -
donor demographics, we are now recommending blood donor testing in the U.S.

In the U.S. and Canada, only seven cases of transfusion-transmitted T. cruzi infections
(Refs. 15 through 19) and five cases of infection from organ transplantation (Refs. 20 and
21) have been documented. However, transmission in immunocompetent patients is not -
likely to be apparent, and in many cases, even if symptoms appear, infection may not be
recognized (Ref. 22).

Studies in blood centers which question donors about birth and/or residence in a 7. cruzi-
endemic country have shown such questions to be incompletely effective at identifying
the seropositive donors. Studies also have looked at the rate of transfusion transmission
from T. cruzi antibody-positive individuals. Published lookback studies in the U.S. and -
in Mexico of 22 transfusion recipients of seropositive donations, identified five of these
recipients (22.7%) who later tested positive for antibodies suggesting transfusion
transmission of T. cruzi (Refs. 18, 23 and 24). This transmission rate of 22.7% is
consistent with the litératiire from Latin America on rates of blood-borne transmission
from seropositive donors in Mexico and Central and South America (Ref. 25). However,
we are aware that lookback studies conducted using the licensed ELISA test indicate that
the risk of 7. cruzi by transfusion of a seropositive unit in the U.S. may be much lower
risk than previously thought. We note that these studies have confirmed the demographic
characteristics of the typical seropositive donor as described in the first two paragraphs of
section II. However, the data also suggest that there are seropositive individuals who
acquiired their infections within the U.S. (Ref. 26). Despite this new data, the rate of
fransfusion transmission of 7. cruzi in the U.S. continues to be uncertain because of the
Jimited number of studies conducted to date and the rate of uansfusmn transmission
remains under investigation.

C. Risk of 7. cruziInfection to Recipients of Donated HCT/Ps i
Based on the risk of transmission, severify of effect, and availability of appropriate
screening measures and/or tests, we have determined 7. cruzi, the agent for Chagas

disease, to be a relevant communicable disease agent or disease under
21 CFR 1271.3(r)(2). This determination was based on the followmg mformatmn
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1. Risk of Transmission

There 1s a risk of transmission of 7. cruzi by HCT/Ps and there has been sufficient -

incidence and/or prevalence to affect the potential donor population.

Recognizing the risk of transmission from donated HCT/Ps, countries endemic for
T. cruzi infection have instituted various practices to minimize transmission

. through transfusion or transplantation including screening donors for the presence
of 7" cruzi antibodies. Further, when human leukocyte antigen-matched bone
marrow is obtained from an infected individual, the donor receives anti-parasitic
treatment before the bone marrow is taken for transplantation. The World Health
Organization recommends that:

¢ aheart from an infected donor not be transplanted;
a liver from an infected donor only be transplanted to recipients already
positive for Chagas disease, except in emergency cases; and

» when other organs are transplanted from a Chagas-positive donor, the
recipient should receive prophylactic treatment for Chagas disease (Ref.
3).

Published data regarding the transmissibility of T. cruzi indicate that vertical
transmission (congenitally from mother to infant), oral transmission (through
breast milk or contaminated food) and conjunctival transmission (from contact
with contaminated hands) have occurred (Ref. 3). In animal studies, T. cruzi has
been shown to infect multiple tissues, including skeletal muscle, heart, bladder,
peripheral nerve, liver, spleen, adrenal gland, brain, adipose tissue, ocular tissue,
osteoblasts, chondroblasts, macrophages, and fibroblasts (Refs. 27 through 30).
Human placental cells also have been experimentally infected with T cruzi (Ref.
31). As noted previously in this section, T. cruzi has been transmitted via blood
transfusions and organ transplantation (Refs. 20 through 22, and 32).

At the BPAC meeting of April 26, 2007, the committee noted that, though some
HCT/Ps are processed in a manner that might inactivate 7. cruzi in HCT/Ps from
seroposifive donors, current data are insufficient to identify specific effective -
processing methods that consistently render HCT/Ps free of 7. cruzi. The _
committee concluded that, absent such data, it would be prudent to test HCT/P
donors to decrease the risk of transmitting infection with 7" cruzi (Ref. 12).

Information about prevalence of T. cruzi in the U.S. is provided in section ILB. of
this document. :

o
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2. Severity of Effect

T. cruzi infections can be fatal or life-threatening, result in permanent impairment

- of a body function or permanent damage to a body structure, and/or necessitate

medical or surgical intervention to preclude permanent impairment of a body
function or permanent damage to a body structure,

3. Availability of Appropriate Screening and/or Testing Measures

Appropriate screening measures have been developed for T cruzi, such as the
medical history interview. (Screening measures for T. cruzi are discussed in

section IV.A. of this document.)

. A donor screening test for 7. cruzi has been licensed and labeled for use in testing

blood specimens from living and cadaveric donors of HCT/Ps (see section IV.B.
of this document). You must use a donor screening test for 7. cruzi that is
specifically labeled for cadaveric specimens instead of a more generally labeled
donor screening test when applicable and when available

(21 CFR 1271.80(c)). Cutrent FDA-licensed, cleared or approved donor
screening tests for use in testing HCT/P donors are listed at

| ~ http://www .fda.gov/cber/tissue/prod.htm.

III. RECOMMENDATIONS FOR DONORS OF WHOLE BLOOD AND BLOOD
COMPONENTS INTENDED FOR USE IN TRANSFUSION

A.

Blood Donor T_ésting and Management

1. Donor Testing

We recommend testing of all donations of allogeneic units of blood using a
licensed test for antibodies to T cruzi. You must follow the regulations under

21 CFR 610.40(d) for determining when autologous’donations must be tested.

2. Donor Deferral

We recommend that all donors who are repeatedly reactive on a licensed test for

T. cruzi antibody or who have a history of Chagas disease be indefinitely deferred
and notified of their deferral. ‘
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3. Confirmatory Testing and Donor Reentry

At this time, there is no FDA licensed supplemental test for antibodies to 7. cruzi
that can be used for confirmation of true positive screening test results. FDA is
not recommending reentry criteria for blood donors deferred indefinitely on the
basis of a repeatedly reactive screening test for antibodies to 7. cruzi due to the
absence of a licensed supplemental test for antibodies to 7. cruzi.

4. Donor Counseling and Physician Referral

We recommend that donors who are repeatedly reactive using a licensed test for
antibodies to 7. cruzi be informed about the likelihood and medical significance
of infection with T. cruzi. Additional medical diagnostic testing may provide
information useful in donor counseling.

‘All repeatedly reactive donors should be feferred to a physician specialist. It also
may be useful to refer them to their state and local health departments or to other
appropnate commumty resources.

5. Further Testing of Repeétedly‘Reaétive Donors for Cross—Reacting Diseases

Because the licensed test has demonstrated some reactivity in donors infected
with pathogens other than T. cruzi, we recommend that medical follow up be
considered for donors who are repeatedly reactive by the licensed test for
antibodies to T cruzi-but who have no apparent basis for.exposure to 7. cruzi or
who have negative results on more specific medical diagnostic tests. For
example, testing for leishmaniasis may be:appropriate in persons with geographic
risk for exposure to Leishmania parasites and who appear to have a falsely
reactive screening test for antibodies to T. cruzi.

Produet Management
1. Index Donations

We recommend that blood components from repeatedly reactive index donations

- be quarantined and destroyed or used for research. Components determined to be -

unsuitable for transfusion must be prominently labeled: “NOT FOR
TRANSFUSION,” and the label must state the reason the unit is considered
unsuitable (e.g., the component is positive for T cruzi (21 CFR 606.121(f)).

i
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- 2. Lookback (Product Retrieval and Recipient Notification)

Within 3 calendar days after a donor tests repeatedly reactive by a licensed test for
T. cruzi antibody, you should:

‘e identify all in-date blood and blood components previously donated by
such a donor, going back either 10 years (or indefinitely where electronic
records are available), or else 12 months prior to the most recent time that
this donor tested negative with a licensed test for 7" cruzi antlbody,
whichever is the lesser period (the lookback period);

e« quarantine all previously collected in-date blood and blood components
held at your establishment; and

» notify consignees of all previously collected in-date blood and blood
components to quarantine and return the blood components to you or to
destroy them. '

In addition, when you identify a donor who is repeatedly reactive by a licensed
test for T. cruzi antibodies and for whom there is additional information indicating
risk of 7. cruzi infection, such as geographical risk for exposure in an endemic
area, or medical diagnostic testing of the donor, we recommend that you:
+ notify consignees of all previously distributed blood and blood
components collected during the lookback period; and
e if blood or blood components were transfiised, encourage consignees to
" notify the recipient’s physician of record of a possible increased risk of T
cruzi infection, -

We recommend that when there is additional inforrhation indicating risk of 7.
cruzi infection you make such notifications within 12 weeks of obtaining the
‘repeatedly reactive-test result.

There currently is no licensed 7. cruzi supplemental test. When such a test is
available, a positive test result will provide additional information 1r1dlcat1ng risk
of T. cruzi infection.

Retrospective Review of Records

If you are a blood establishment that implemented screening with a licensed test |
for antibodies to T. cruzi prior to the effective date of this guidance, you may wish
to perform a retrospective review of records to identify donors:

o with repeatedly reactive test results by a llcensed test for T. cruzi
antibodies; and

e for whom there is additional information mdlcatmg risk of T. cruzi
infection, such as geographical risk for exposure in an endemic area; or
medical diaghostic testing of the donor. There currently is no licensed T. i
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If a donor is identified at risk of infection during the retrospective review, you
may want to consider performing all the lookback actions described above.

3. Autologous Donations

Although autologous use of blood does not increase a patient’s/donor’s risk of

" illness from a pre-existing infection, FDA regulations under 21 CFR 610.40(d)
and (e) require testing of autologous blood donors under certain circumstances to
prevent inadvertent allogeneic exposures to unsuitable units.

a. We recommend that blood components from autologous donors that are
repeatedly reactive by a licensed test for 7. cruzi antibody be released for
autologous use only with approval of the autologous donor’s referring
physician. Establishments should provide the results of additional testing for
antibodies to 7. cruzi, as available to the autologous donor’s referring
physwlan

"l

b. Each autologous donation must be labeled as required under

21 CFR 610.40(d){4), as appropriate. Given the seriousness of T, cruzi -
infections, autologous donations that are repeatedly reactive by a licensed test .
for T’ cruzi antibody must bear a biohazard label as required under

21 CFR 610.40(d)(4). :

4. Circular of Information

Consistent with other donor screening tests, the instruction circular, also known

- as the “Circular of Information” must be updated to state that a licensed test for
antibodies to T. cruzi was used to screen donors and that the results of testing
were negative (21 CFR 606.122(h)).

- 5. Biological Product Deviation Report and Fatality Report |

Under 21 CFR 606.171, licensed manufacturers, unlicensed registered blood
establishments, and transfusion services must report any event and information
associated with the manufacturing, if the event either represents a deviation from
current good manufacturing practice, applicable regulations, applicable standards,
or established specifications that may affect the safety, purity, or potency of the
product; or represents an unexpected or unforeseeable event that may affect the
safety, purity, or potency of the product, and it occurs in your facility or another
facility under contract with you and involves distributed blood or blood
components. For additional information rcgardm_g reporting, you may refer to
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FDA guidance, “Guidance for Industry: Biological Product Deviation Reporting
for Blood and Plasma Establishments,” dated October 2006 (Ref. 33). Also, when
a complication of blood collection or transfusion (e.g., involving T. cruzi) is
confirmed to be fatal, you must notify FDA in accordance with

21 CFR 606.170(b).

Reporting the Test Implementation

1. Ifyou are a licensed blood establishment and you begin using a licensed

serological test for the detection of antibodies to 7. cruzi according to the
manufacturer’s product insert at your facility, then you must notify us of the
testing change in your Annual Report (AR), in accordance with

21 CFR 601.12(d). If you already have an approved supplement to your BLA
to use a contract laboratory to perform infectious disease testing of blood
products, and the contract laboratory will now perform a serological test for
antibodies to 7. cruzi, you must report this change in your AR

(21 CER 601.12(d)).

. Ifyou are a licensed blood establishment and you use a new contract

laboratory to perform a serological test for antibodies to 7. cruzi (and the
laboratory already performs infectious disease testing for blood products),
then you must report this change by submission of a “Changes Being
Effected” supplement, in accordance with 21 CFR 601.12(c)(1) and (c)(5). .If
your contract laboratory has not previously performed infecticus disease
testing for blood products, then you must report this change as a major change
in a prior approval supplement, in accordance with 21 CFR 601.12(b).

RECOMMENDATIONS FOR DONORS OF HCT/Ps

A.

Donor Screening—Risk Factors or Conditions

Under 21 CFR 1271.75(d), you must determine to be ineligible any potential donor who
is identified as having a risk factor for or clinical evidence of relevant communicable
disease agents or diseases. Ineligible potential donors include those who exhibit one or
more of the following conditions or behaviors.

Persons who have had a medical diagnosis of T° cruzi infection based on
symptoms and/or {aboratory resuits.

Persons who have tested positive or reactive for 7. cruzi antibodies using an FDA-
licensed or investigational 7. cruzi donor screening test (Ref. 1).
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Donor Testing

1. You must test blood specimens from all HCT/P donors for antibodies to 7.
cruzi using an FDA-licensed donor screening test (21 CFR 1271.80(c)).

2. Any HCT/P donor whose specimen tests negative (or non-reactive) for
antibodies to 7. cruzi may be considered to be negative (or non-reactive) for
purposes of making a donor eligibility determination.

3. Any HCT/P donor whose specimen tests positive (or reactive) for antibodies to
T, cruzi is ineligible to be a donor (21 CFR 1271.80(d)(1)).

N
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Oral Transmission
of Chagas Disease
by Consumption of
Acai Palm

" Fruit, Brazil

Aglaér A, Nébrega, Marcio H. Garcia, Erica Tatto,
Marcos T. Obara, Elenild Costa, Jeremy Sobel,
and Wilde N. Araujo

In 20086, a total of 178 cases of acute Chagas disease
were reporied from the Amazonian state of Para, Brazil
Eleven occurred in Barcarena and were confirmed by vi-
sualization of parasites on blood smears. Using cohort and
case—control studies, we implicated oral fransmission by
consumption-of acai palm fruit.

hagas disease (American trypanosomiasis) chronically
infects ~10 million persons in Latin America (/). The
etiologic agent is frypanosema cruzi, which is transmitted
by bloodsucking friatomine insects. Other modes of trans-
" mission are transfusional, congerital, and oral (foodborne)
{2). Oral transmission occurs by cansumption of foods con-
taminated with triatomines or their feces or by consumption
of raw meat from infected mammalian sylvatic hosts (3).
The precise stage of food handling at which contamination
oceurs is unknown. The first outbreak of orall¥ fransmitted
Chagas ‘disease in Brazil was reported in 1965 (4). Two
outbreaks were associated with consumption of sugar cane
. juice (5.6). In these outbreaks, the incubation period was
=22 days, compared with 4-13 days for vectorial transmis-
.sion-and 3040 days for transfusional {ransmission (7},
Chagas disease has not been considered endemic in the
Brazilian Amazon region. The first Amazonian outbreak of
acute Chagas disease was reported in 1968; oral transmis-
sion was suspected (&). During 1968-2005, a total of 437
cases of acute Chagas disease were reported in this region.
Of these cases, 311 were related to 62 outbreaks in which
the suspected mode of transmission was consumption of
acai (9). _
Agai is the fruit of a palm of the family Aracaceae (Fig-
ure 1, panel A); it is crushed to produce a paste or beverage.
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Most of the Amazonian population consumes agai juice
daily. Contamination is believed to be caused by triatomine
stools on the fruit or insects inadvertently crushed during
processing (/0). There are no reports of collection of acai
for laboratory testing during an outbreak of acute Chagas
disease. Because outbreaks with high attack rates occur in
small groups whose members all consume the same foods,
agaf has not been epidemiologically implicated in transmis-
sion of this discase.

Puring January-November 2006, 4 total of 178 cases
of acute Chagas disease were reported in Pard State, Bra-
zil, in the Amazon basin (Ministry of Health, unpub. data).
Eleven of these cases occurred in Barcarena (population
63,268) (11} (Figure 1, panel B). All patients had symptom
onset in September and Oclober. Of the 11 case-patients, 5
were staff members at a health post who shared a meal at
a staff meeting on September 135. We attempied to identify
risk factors for illness.

The Study
We conducted a retrospective cohorl study of staff
members at the health post who participated in the meet-

ing on: September 13. A case-patient was any person who

participated in the meeting and had a positive direct-para-
sitologic examination for T. cruzi or positive serologic re-
sults and clinical evidence of acute Chagas disease. A non-
case was any person who participated in the meeting and
had negative test resulls for 7. cruzi. We also conducted
a 1:3 case—conirol study (11 case-patients and 34 controls

matched by sex and age) that included patients with labora-

tory confirmed cases from Barcarena. A case-patient was
any person in'whom: during. September 1-October-15 7.
cruzi-was found by-direct parasitologic examination, irre-
spective of signs or symptoms of disease, or who had posi--
tive serologic results and clinical evidence of disease. This -
interval was based on date of symptom onset of the first and

{ast case-patient and a reported incubation period of 3-22

days for orally transmitted disease. Controls were age- and
sex-matched residents of case-patient neighborhoods who
had negative serologic results for T- cruzi.

Parasitologic examinations were. conducted for case-
patients by using quantitative buffy coat test, thick blood
smear, or buffy coat test (the latter 2 tests included Giemsa
staining). Serologic tests were conducted by using indirect
hemagglutination test, ELISA, or indirect immunofiuores-
cent test. An immunoglobulin (Ig) M titer >40 was consid-
ered positive. Controls had nonreactive Igh and IgG titers.
We ruled out leishmaniasis in all persons with positive se--
tologic results for 7. cruzi by using an immunofluorescent
test for IgM to Leishmania spp. (12). '

. .We conducted an entomologic investigation during

" December 11--16, 2006, at the homes of 5 case-patients

and in forested areas near the homes of 2 case-patienits; at
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Figuee 1. A} Agal palm and agaf fruit, B) Location of Barcarena in Pard State, Brazil. C) Epldermc curve for 11 case-patients with acute

Chagas disease, Barcarena, Brazil, September-October 2006.

the commercial establishment where agai consumed by the
case-patients linked to the health post was prepared and
served; al an agai juice production and sale establishment
reported to be frequented by other case-patients; and at the
river dock market where acaf delivercd to Barcarena is un~

- loaded. At this market, we searched baskets used to trans-
port agai in river boats. We applied an inseci-displacing
compound (piridine; Pirisa, Taquara, Brazil) to the interior
and exterior 6f buildings at investigation sites and placed
traps (73} to obtain triatomines.

Data were analyzed by using Epi Info version 6.04d
(Centers for Disease Control and Prevention, Atlanta, GA,
USA). We measured relative risk in the cohort study and
matched odds ratios in the matched case—control study,
with 95% confidence intervais and a = 5%. Fisher exact,
McNemar, Mantel-Haenszel, and Kruskall-Wallis tests
were used as needed, Study power (1 — ) was 5%.

All case-patients had positive results for T. crizi by

direct examination of blood (Figure 2). Nine (82%) patients
were ferale; median age was 39 years (range 7-70 years).

Figure 2, Trypanosema cruzi (arrow) in a peripheral blood smear of
a pafient at a local health facility in a rural area of Pard State, Brazil
(Giemsa stain, magnification x100}. Image provided by Adriana A.

QOliveira, Brazilian Field Epidemiology Teaining Program Brasilia,
Brazil.

654

Eight (73%) patients resided in urban arcas, 7 (64%) in
brick dwellings, and 3 (27%) in mixed brick and wooden
dwellings. All patients denied having had blood transfu-
sions or organ transplants, having slept in rural or sylvatic

areas, and having beén bitten by triatomines.

The epidemic curve for the 11 patients is shown in
Figure 1, panel C. Main signs and symptoms were fever,
weakness, facial edema, myalgia, arlhralgia, and periph-
eral edema {Table 1). No deaths occurred, and median time
from symptom onsel to {reatment initiation was 22 days.

The cohort consisted of 12 persons who attended the
staff meeting. Of these persons, 6 shared a meal, 5 (83%)
of whom were case-patients. The remaining persons were
seronegative for 7. cruzi. Exposures associated with infec-
tion were consumption of thick agafi paste and drinking acai
Jjuice at the health post; consumption of chilled agai was
protective (Table 2). This shared meal was the only com-
mon exposure among cohort members. No other foods con-
sumed at the meal were associated with illness (Table 2).
Among exposures tested, drinking agai juice on September
15 and at the health post were significantly associated with
illness {p<0.02 and p<0.001, respectively; matched odds

ratio not determined). Other exposures were not associated

with illness. No triatomine insects were identified at any
sites of the cntomoloolc investigation.

Table 1. Signs and sympioms in 11 patients with laboratory-
confirmed acute Chagas disease, Barcarena, Brazil, 2006

Sign or symptom No. (%) patients
Fever 11 (100)
Fatigue 11 (100y
Faclal edema 11 (100)
Headache 10 (91}

. Myalgia 9(82)
Arthralgia 9 (82}
Peripherat edema 9 (82)
Shoriness of breath 7 (64)
Tachycardia 7 {64)
Nausea/vomifing 7 (64}

" Jaundice 5 {46}
Epigastric pain . 5'(46)
5 (46)

Retroorbital pain-

Emerging Infecticus Diseases « www.cde.govield « Vo, 15, Ne. 4, April 2009

s




]

Oral Transmission of Chagas Disease, Brazil

Table 2. Food exposures in a cohort study of 5 case-patients with aéute Chagas disease, Barcarena, Brazil, 2006*

Exposuret i, no. (%) Not ill, no. (%) RR 95% Ci p valuef
Acal, thick paste 3(100) 0 4.5 13153 0.04 -
Acai juice at health post 3(100) 0 4.5 13-153 0.04
Chilled acai juice 112} 7 (88) 0.1 0.02-0.3 0.02
Charque ) 3(75) 2 (25) 5.3 0.8-35.1 0.09
Cupuagy . 2{100) 0 33 1386 0.15
Biriba ' 1(50) 1{50} - 1.3 0.3-6.1 0.68
Muruci 1(100) ] 2.3 1.3-6.0 0.42
Any raw food 4 (67) 2{33) - 4.0 0.6-26.1 0.12

*RR, relative risk; C!, confidence interval.
tCharque is dried, salled meat; cupuagu, biribd, and muruci are fruits.
3By Fisher exact test,

Conclusions 3. Dias JC. Nolas sobre o Trypanosema cruzi e suas caracieristicas bio-
. . . . .- ecolbgicas, como agente de enfermidades transmitidas por alimen-
in a s
Our sudy findings lmiphcmd. agal nf n outbreak of t05. Rev Soc Bras Med Trop. 2006;39:370-5. DOI: 10.1590/30037-
acute Chagas dl.sease. Ora transmission o this discase in 36822006000400010
the Amazon region has been reported since the 1960s. Agai 4. da Silva NN, Clausell DT, Nébilis H, de Meallo AL, Ossanai J,
has long been the principal suspected food wvehicle, but Rapone T, et ak. Epidemic outbreak of Chagas discase probably due

characteristics of outbreaks, small groups with universal ‘]"'92’;113"5‘::_"2‘""“ [in Portuguese). Rev Inst Med Trop 530 Paulo.

exposure and high attack rates, have precluded epidemio- 5 syikanai-Yasuda MA, Marcondes CB, Guedes LA, Siqueira GS,
logic implication of this food. There are no reports of time- Barone A, Dias IC, etal. Possible oral transmission of acute Chagas
ly collection of agai for laboratery testing in an outbreak. disease in Brazil. Rev Inst Med Trop Sao Paulo. 1991;33:331-37,

1.: P . - - 6. Tatto E, Menezes JA, Kitagawa BY, Freitas DR, Dimech GS, Wada
In this outbreak, vectorborne, transfusional, trans MY, et al. Acute Chagas disease (ACD) outbreak related to sugar

plant-associated, and transplacental " transmission were cane drunk in Santz Catarina State, south Brasil, In; Abstracts of
excluded. Incubation periods of cohort case-patients were the 56th Meeting of the American Society of Tropical Medicine and
compatible with those of previous reports. A shared meal ?ggcgc; 2007;;;" 4-8; Philadelphia Philadelphia: The Society,
- : -2007, Abstract 997,

was the oniy evc_nt Imkmg case-patients, and. cohort and 7. Brasil Ministério da Saide, Secretaria de Vigilincia em Sadde.
case—control studies demonstrated an association between . Doenga de Chagas aguda: manual pratico de subsidio 4 notificagio
acai consumption at this meal and infection. These find- obrigatéria no Sinan. Brasilia; Ministério da Saide, Sistema de In-
ings indicate an outbreak of orally transmitted disease from formagkio de Agravos de Nelificagdo (Sinan); 2004,

8. Shaw J, Lainson R, Fraika H. Epidemiology of the first auoch(ho-

contaminated agai. nous case of Chagas” disease recorded in Belém, Pard, Brazil [in

Limitations of this study ave possible recall bias caused Portugucse]. Rev Saude Publica. 1969:3:153-7. DOL: 10,1590/
by delay between illness and investigation and failure to "$0034-89101969000200005
collect food samples for testing. Studies are needed to de- 9. Valente SA, Vlente VC, Pinto AY. Eplgicmmloglaetmnsnnssao oral
termine viability of T. cruzi in acai, along with the tree- dadmn:;adeClug;Ls.naAmazénu brasileira, [n: Informe de 1a con-
. . . . sulta téénica em epidemiologia, prevencion y mangjo de Ia transmi-
m"_m“’l continuum Of_agaf’ to. ldel’}tlfy SOIlTCCS of corftaml" . sion de la enfermnidad de chagas coma enfermidad transmitida por
nation, Because agaf is 2 major dietary component in the “alimentos (ETA). Washington: Organizacion Panamericana de La .
Amazon region and a component of the local economy, .  SaludOrganizacion Mundial de La Salud; 2006. p. 21-6. }’}

10. Valente SA, Valente VC, Fraiha Neto FL TransmissZo da doenca de
. Chagas: como estamos? Rev Soc Bras Med Trop. 1999;32(Suppt

. 11):51-3, DOIL: 10.1590/30037-86821995000500023

Ms Nébrega is supervisor of the Field Epidemiology Train- - " e e = ey e (cttod 2009, Jan 6}

ing Program of the Brazilian Ministry of Health in Brasilia, Bra- |2, Ministério da Saide, Secretaria de Vigilincia em Saude Departa-

zil. Her research interests include the epidemiology of infectious ™ mento de Vigilancia Epidemiolégica. Doengas infecciosas e parasi-

diseases and outbreak investigations. tarias: guia de bolso, Brasilia: Ministério da Satde; 2005.

13, Noireau F, Abad-Franch F, “Valente SA, Dias-Lima A, Lopes
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07762007000!00009

-identifying practical prevention measures is essential.
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Citing ProMED-mail
Chagas confirmed on the west coast of Vargas

vuinks - . T
Donations Ministry of Health [MINSA] reiterates the lifting of epidemiologic siége
About ProMED-mail Yesterday the Minister of Health, Jesus Mantilla, confirmed that

Chagas disease is the disease that is attacking the population of
Chichiriviche de la Casta, in the western part of the state of Vargas.

The head of the Ministry of Health was in the area and stated that it
was transmitted through the 1ngest10n of contaminated guava juice,
producing the outbreak of illness in the area, that affected 47
_stud=nts and three teachers from the morning shift of the Romulo
Monasterlos state school.

- Similarly, the minister reiterated the statements made yesterday [4
Apr 2009 -- see prior ProMED-mail- posting Undiagnosed: fatalities -
Venezuela (02): (Vargas) Chagas susp, REif28090404.1305 - Mod.MPP] by
the governor of Vargas, Jorge Garcia Carneiro, the epidemiclogic
"fence" erected to stop the epidemic that occurred in the area,
because, as noted, there is no risk of spread. ’

For this disease, which for over 4 weeks was affecting the population o
and increasing numbers of patients, killing 3 children ages 7, 9 and 12 years.

However, 35 other children remain hospitalized in the La Guaira
Social Security [hospital], the Pariata Perlferlco fhealth facility],
the Perez Carreno [health facility] and the University Clinic.
Doctors from this hospital reported that 15 patients from the area
have been admitted, and that the problem is present from [the events
surrounding carnaval - Mardis Gras - Mod.MPP]. It was learned that
there is a patient in serious copdition[ ’

Although the possibility of transmission in the zone was ruled out,
the residents of Chichiriviche reported that the usual vacationers to
the zone-have not arrived. [The affected area is a beach resort
frequented by vacationexrs. The week ending in Easter Sunday is known
as Semana Santa in Latin American countries. It is a wvacation week,
and locations such as Chichiriviche are usually filled with
vacationers coming for the week. - Mod. MPP]

[Byline: Anthony Rangal] : T . ,. ’ L
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{The above newswire is confirmation of the suspicien that the
previously undiagnosed outbreak in Venezuela (see prior ProMED-mail
postings’ listed below) is due to ingestion of a juice that was
contaminated with _Triatoma infestans_ intestinal contents.

This is now the 7th outbreak of foodborne transmission of
trypanosomiasis in the Americas reported by ProMED-mail (see prior
postings listed below). As mentioned in the 1st report of this
current outbreak (Undiagnosed fatalities - Venezuela: (Vargas),
Chacgas, susp, RFI 20050402.127%), the 1lst reported ocutbreak of
foodborne transmission of trypanosomiasis was reported in Santa
Catzrina Brazil in 2005 {see prior ProMED-mail postings listed
below) . This outbreak was associated with ingestion of sugar cane
juice that was found to be contaminated with crushed Triatoma
infestans_ , the vector of trypanosomiasis in Brazil. Since reporting
of outbreaks of foodborne transmitted trypanosomiasis began, there
were & prior documented outbreaks associated with contaminated juices
-~ 4 in Brazil (involving 4 states in the country), one in Venezuela,
and one in Colombia. The prior ocutbreak in Venezuela involved 128
cases at a school in metropolitan Caracas, and was associated with
contaminated fruit juice. This current outbreak has involved
approximately 50 cases at a school in a small beachside town/v1llage
outside of Caracas, and is also associated with contaminated fruit Juice.

‘One wonders how new a phenomenon foodborne transmission of
trypanoscmiasis really is, or is it just that we are now looking more -
carefully as the standard of housing in these countries has improved,
- and exposure to the _Triatoma infestans_ in the household has
decreased. Or perhaps, thére is improved recognition and
investigation of acute outbreaks in general in the region.

For the interactive HealthMap/ProMED map of Chichiriviche with links
to other recent ProMED-mail postings in surrounding areas, see
<http: //healthmap.org/r/088v>. — Mod.MPP]

[see also:

Undiagnosed fatalities — Venezuela (02): (Vargas) Chagas susp,

RFI 20090404.1305 ' ‘
Undiagnosed fatalities - Venezuela: (Vargas), Chagas, susp, RFI 2{$090402.1279
Trypanoscmiasis - Colombia: (SAN), foodborne susp. 20090121.025%

2007

Trypanosomiasis, foodborne - Venezuela: ‘(Caracas) (02) 20471231.4192
Trypanosomiasis, foodborne — Venezuela: {Caracas) 20071226.43143
Trypanosomiasis, foodborne — Brazil (Amazonia) 20070821.2732

2006 B

t

Brazil (PA) 20060728.2085

Trypanosomiasis, foodborne
2005 '
Trypanosomiasis, foodborne - Brazil (Santa Catarina) (05) 20050401 .0940
Trypanosomiasis - Brazil (Amapa) 20850331.0929 )
Trypanosomiasis, foodborne - Brazil (Santa Catarina) (04} 20050338.6217
Trypanosomiasis, foodborne - Brazil (Santa Catarina) (03) 20050327.0884
Trypanosomiasis, foodborne - Brazil (Santa Catarina) (02} 20050325.£870
Trypanosomiasis, foodborne -~ Brazil (Santa Catarina) 2005$4324.0847

1997 ' : T
Chagas disease — Latin America 19970114.0066

Chagas disease vector {(05) 125741318.0105

1996

Trypanosomes, New World, SymPOSlum — Guyana 1996 199€60830. 1493]
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BRIEF REPORT

Fatal Case of Deer Tick Virus Encephalitis

Norma P. Tavakoli, Ph.D., Heng Wang, M.A., Michelle Dupuis, B.Sc.,
Rene Hull, B.A,, Gregory D. Ebel, Sc.D., Emily ). Gilmore, M.D.,
and Phyllis L. Faust, M.D., Ph.D,

SUMMARY

Deer tick virus is related to Powassan virus, a tickborne encephalitis virus. A 62-year-
old man presented with a meningoencephalitis syndrome and eventually died. Analy-
ses of tissue samples obtained during surgery and at autopsy revealed a widéspread
necrotizing meningoencephalitis. Nucleic acid was extracted from formalin-fixed
tissue, and the presence of deer tick virus was verified on a flavivirus-specific poly-
merase-chain-reaction (PCR) assay, followed by sequence confirmation. Immuno-
histochemical analysis with antisera specific for deer tick virus identified numer-
ous immunoreactive neurons, with prominent involvement of large neurons in the
brain stem, cerebellum, basal ganglia, thalamus, and spinal cord. This case dem—
onstrates that deer tick virus can be a cause of fatal encephahtls.

EER TICK VIRUS IS A MEMBER OF THE TICKBORNE ENCEPHALITIS GROUTP

of flaviviruses and is closely related to Powassan virus. Deer tick virus was

first isolated from. Fxodes scapularis-ticks in 1997 in. North America.® The com-

plete sequence of the deer tick virus has been determined.> The vird} genome is 10.8 kb

. in length and shares 84% nucleotide sequence identity and 94% amino acid sequence

identity with the Powassan virus genome. The two viruses are antigenically related,?

and it has been suggested that they share a commoen origin and représent two viral

lineages related to Powassan vitus in North America.? Ebel et al* refer to deer tick
virus as Powassan virus lineage II, and in this report we use the same terminology.

Several members of the tickborne encephalitis group of flaviviruses, including

tickboime encephalitis virus and Powassan virus, canse encephahtxs in humans and

animals, with tickborne encephalitis virus causing the most serious outbieaks. These -

viruses are closely related antigenically and are found predominantly in the northern
- hemisphere. In Europe, tickborne encephalitis occurs mainly in eastern and central
.regions and affects approximately 50 to 199 persons per 100,000 inhabitants an-
nually? The seroprevalence of antibodies to Powassan virus is estimated 10 be 0.5 to
4.0%:in areas in which the disease is endemic.¢
Infection with tickborne encephalitis virns can be mild or asymptomatIC, or 11: capr
result in meningitis and ercephalitis. Péwassan virus can be pathogenic in human
beings and can cause severe encephalitis with a fatality rate of up to 60% and long-
term neurclogic sequelae in survivors.” In contrast, Central BEuropean encephalitis

From the Wadsworth Center, New York
State Department of Health (N.PT., H.W,,
M.D., R.H.), and the Department of Bia-
medical Sciences, School of Public Health,
University at Albany {N.P.T.) — both in
Albany; the Department of Pathology,
University of New Mexico School of Med-
icine, Albuquerque (G.D.E); and the De-
partments of Neurology (E.).G.) and Pa-
thologyand Cell Biology {P.L.F), Columbia
University, and Mew York Presbyterian
Hospital (E).G., P.L.F) — both in New
York, Address reprintrequests to Dr. Tava-
koli atthe Empire State Plaza, PO. Box 509,
Albany, NY 12201, or at narma.tavakoli@
wadsworth.org.,

N Engl | Med 2009;360:2099-107.
Coppright © 2009 Mussachusetts Medical Society.

that is-caused by tick bites typically produces mild or silent infection. Other disease- -

causing flavivireses include West Nile virus, St.-Louis encephalitis virus, dengue
virus, and yellow fever virus.® These viruses are transmitted by mosquitoes and cause
a spectrum of diseases including meningitis, encephalitis, dengue fever, and yeilow
fever.

N ENGL) MED 360,20 NEJM.ORG MAY 14, 2009

2099

a2

Downloaded from www.nejm.org at WELPHARMA-YOKOHAMA (D) on May 26, 2008 .
* Copyright @ 2009 Massachusetts Medica[ Somety All ng ts reserved
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In certain locations of the northeastern and
notth central United States, the prevalence of deer
tick virus in adult deer ticks is high,2*¢ but human
infection has not been reported previously. This
could indicate that the virus does not easily infect
humans or that it is not particulardy pathogenic
Diagnostic testing for Powassan virus is riot xou-
tinely performed for patients with symptoms of
encephalitis. Human incidence may thus be cur-
rently underestimated. '

CASE REPORT

In late spring, a 62-year-old man was admitted to
a local New York State hospital with a 4-day his-
tory of fatigue, fever, bilateral maculopapular pal-
mar rash, and-an onset of diplopia, dysarthria, and

weakness in the right arm and leg. He was a na-

tive of New York State and had no history of re-
cent travel.. He owned horses and spent time out-
doors in 4 wooded area. Reports of Lyme disease
were cornmon in his county of residence, indicat-
ing tick activity in the area. His medical history
included chronic lymphocytic leukemia~small lym-
phocytic Iymphoma (CLL-SLL), which had been
diagnosed 4 years earlier and had inijtially been
treated with fludarabine. He was not taking cor-
ticosteroids. On admission, he was given nonsteroi-
dal antiinflammatory medijcation and an oral an-

- tibiotic (amoxicillin—clavulanate), which had been

prescribed by his primary care. physician for a
recent exacerbation of chronic sinusitis that had
been recurrent for more than a year. His baseline
white-cell count was 15,000 cells per cubic mil-
limeter and had increased to 70,000 cells per cu-
bic millimeter during the past 6 to 8 months. He
was started on broad-spectrum antibiotics and acy-
clovir (700 mg administered intravenously every
8 hours) for presumed infection of the central ner-
vous system. The differential diagnosis included
cerebral ischemia, possibly related to leukosta-
sis, infection {viral, bacterial, or fungal), and Iym—

Initial laboratory results were notable for a
markedly elevated peripheral-blood white-cell
count (144,200 cells per cubic millimeter) and ce-
rebrospinal fluid with normal glucose, minimally
elevated protein, no white cells, and a negative
Grant's stain (Table 1). The erythrocyte sedimen-

tation rate was 4, blood cultures were stetile, and -

antibody titers were negative for Barrelia burgdarferi
and Anaplasma phagocytophilum. The neurologic
symptoms progressed, and after 2 days he was

N ENGLJ MED 360;20 NEJM.QRG  MAY 14, zoog .

transferred to another hospital. At the time of
transfer, the peripheral-blood white-cell count was
174,800 per cubic millimeter (with 4% neutrophils
and 94% lymphocytes) (Table 1).

Findings on flow cytometry were characteris-
tic of CLL-SLL. Bacterial and fungal blood cultures
were sterile, Sputum cultures for tuberculosis and
legionella species were negative. No serum anti-
bodies to Bartonella henselae or leptospira or bru-

cella species were detected. One day after ad-
mission, a repeat spinal tap showed an elevated

_protein level of 192 mg per deciliter; lymphocytic

pleocytosis with 891 cells per cubic millimeter
(with 1% neutrophils and 93% lymphocytes), and
a normal glucose level (Table 1). Flow cytometry
of the cerebrospinal fluid demonstrated a pre-
dominantly reactive T-cell population (98% of
CD45+ cells were CD3+/CD5+ small T cells), with
no evidence of CLL-SLL. Bacterial culture and
Gram’s staining of the cerebrospinal fluid were
negative. India-ink staining, cryptococcus antigen
test, and PCR analyses for herpes simplex virus
types 1 and 2 and JC-BK virus were negative in
cerebrospinal fluid.

Magnetic resonance imaging (MRI) performed
after transfer (hospital day 1) revealed abnormal -
T,-weighted and fluid-attenuated inversion recov-
ery {ELAIR) images, with hypermtensmes most
prominent in the superior cerebellum, left pons,
and bilateral basal ganglia (Fig. 14, 1B, and 1C).
An axia] diffusion-weighted image and apparent-
diffusion-coefficient sequences revealed restrict-
ed diffusion in the superior cerebellum, suggest-
ing an ischemic process (Fig. 1D). The patient
remained febrile (maximurm temperature, 104.5°F
[40,3°C]), and antimicrobial coverage was broad-
ened to include an antifungal agent. His neuro-
logic function deteriorated, which necessitated in-
tubation, and his function did not improve despite
maximal medical therapy. '

On hospital day 4, his fever abated, and com-
puted tomographic imaging revealed a mild ob-
structive hydrocephalus, leading to placement of
an external ventricular drain. On hospital day 5,
repeat MRI revealed worsening of signal abnor-
malities and markedly increased hydrocephalus.-
He was taken urgently to the operating room for
decompression with a subdccipital craniotomy, at
which time cerebellar biopsy was performed.
Analysis of the biopsy specimen revealed severe
meningoencephalitis with a dense meningeal lym-
phoid infiltrate containing mainly reactive CD4+
T cells, lymphocytic venous invasion and destruc-
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tion, widespread loss of cerebellar Purkinje cells,
occasional microglial nodules, and marked Rerg-

mann gliosis (Fig. 14 to 1H in the Supplemen- |

tary Appendlx available with the full text of this

article at NEJM. org). The parenchyma was mﬁl-_

trated by activated micro gha-—macrophages ahd
predommant[y CD8+ T cells (Fig. 1l and 1J i in the

. Suppletnentary Appendix). AII biopsy cultures Were 5

negative, and staining of blopsy tisstie was nega—,
tive for bacterial, fungal, atid mycobactenal Ofgan-.

isms and vu:aI .antjgéns ncludmg ‘herpes mmpiex_‘:'
vn-us 1 and'2 vancella zoster s, cytomegalo- :

N

] variable

Table 1 Resuits of Analys:s of Cerebrospmal F!uld and Blood of the Patjent.*

Da)r 1 after

 First | Transfer to

' Cerebrospmal ﬂu:d ' )
Glucose leve[ (mg{dl) - s - 47

-Protemlevel (mg/dl) _ ' 64 192
Whité-cell count (celIs[mm’) S0 £91
Neutropl-uls (%) _: B 1

';_Lymphocytes (%) o 93

. ) "e:celicou (cells]m'fﬁ’"- ¢ 14 174,800
Y _Neutrophlls (/) _ ) 4
Lyinp 5. (%) 94

Hospitdlization Second Hospital

Normal
Range

40-70
15~-45
0-5
0
70

3500-9100
. 38-80
15-40

"e.es per liter, multiply by 0.05551.

o standard nssue blocks Were parafﬁn-embed&e_ .+ wide

o Unembedded, forma i

_ _'_'ods secnon in the Supplementary Appendlx)

tLSSI.Ie Wu:h the use of the: WaxFree DNA'extracuon

- kit (’IrmlGen) This kit coextracts RNA. Ten micio-

" liters of extracted nucleic acid was reverse-tran-
scribed to complementary DNA (cDNA) with the
“use of the iScript cDNA synthesis kit (Bio-Rad).
Heminested reverse-transcriptase PCR. (RT-PCR)
for the detection of flavivires with the use of uni-
versal primers was performed as described previ-
" ously.**12 (In the Supplementary Appendix, ad-
ditional information on the PCR primers is listed
in Table A, and details regarding the PCR meth-
ods, sequence, and histologic and immunohis-
tochemical analyses are listed in the Methods
section.) :

' ,_ev.gns_vs-mx_msm:gmss—pcn AND sgqqeu_cs--._, '_ ;

jcentuated it large'motor neﬁrons £ thé brain
stem (including cranial nerve nuclel) spinal an-

'ﬁxed bram tlssue fl‘OII}. the Zopolio

terior horns, cerebellum, basal ganglia, and thal-
amus (Fig. 2, and Fig 3 in the Supplementary Ap-
pendix). Microglia—macrophage infiltration was

"greatest in gray-matter regions but also involved

white-matter tracts to a lesser degree (Eig. 3A in
the Supplementary Appendix).

~ As in the surgical biopsy, lymphoeytic infil-
trates in leptomeninges and perivascular spaces
contained predominantly CD4+ helper' T cells,
whereas those in the parenchyma were predom-
inantly CD8+ cytotoxic T cells (Fig. 4 in the Sup-

. plementary Appendix). CD8+ T cells were also

N ENGL J MED 360,20 NEJM.ORG MAY 14, 2009
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Fmgure 1 Magnet:c Resunam:e lmagmg {MRI} of the Bram on Hospita[ Admlssion
“MRI scdnning that was’ performed on- hospltal day 1 revealed anormal T we1g|1ted s:gnalmg in the supenor cere-
be]lum (Panel A, arrow) and abnoimal T,-weighted ﬂmd-attenuated inversion recovery images with hypermtensmes
in the cerebellum and left pons, (Panel B, arrows) and in the bllateral basal ganglia {Pangl C). The supenor cerebel-
“lum was bright on d1ffu510n—we1ghted imaging {Panel D} and dark on apparent-diffusion- coefﬂuen‘c sequences,
which suggested an lschemlc process. :

more frequently identified in close apposition to performed: a PCR panel including real-time PCR.
surviving neurons (Fig. 2C, and Fig. 44, 4B, and assays for the detection- of herpes simplex viruses
4E in the Supplementary Appendix). - 1 and 2, Epstein—Barr virus, cytomegalovirus, hu-
~ On the extracted nucleic acid from the form- man herpesvirus type 6, varicella~zoster virus, and
alin-fixed brain tissue, the following analyses were adenovirus; real-time RT-PCR assays for the de-

I
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tection of West Nile virus and eastern equine en-
cephalitis virus; a real-time PCR_assay using a
cDNA template for the detection of enterovirus;
a group-specific RT-PCR assay for the detection

of alphaviruses*3; and conventional PCR assays us-

" ing a cDNA template-for the detection of St. Louis
encephalitls, California serogroup, and Cache Val-
ley viruses. PCR assays for the detection of borrelia
species, including B. burgdorferi; and of A phagocyto-
philum were performed on DNA extracts fiom the

cerebellum and spinal cord. All results were nega-

tive. A group-specific RT-PCR assay for the detec-
tion of flaviviruses gave PCR products of the ex-
pected size for both the first-round PCR and the
nested PCR,** The PCR products of approximately
250-bp and 220 bp were purified from the gel and
sequenced. A search with the use of the nucle-
otide Basic Local Alignment Search Tool (BLAST}
algorithm posted on the Web site of the National
Center for Biotechnology Information identified
a 220-bp sequence sharing 97% of the sequence

of deer tick virus strains CTB30 (accession num- -

-ber, AF311056.1), and IPS001 (accession mumber,

N ENGLJ MED 360,20 NEJM.ORG MAY 14, 2009 i

" AF310947.1) and Powassan virus strain R59266

(accession number, AF310948.1). To confirm the
lineage of the virus, sequencing was performed
with the use of previously published and newly
designed primer sets from the envelope coding
region, NS5, and sequences in the 3’ untrans-
lated region* (Table A in the Supplémentary
Appendiy). '

With a total of 23 primer sets used, two re-

gions of the virus were sequenced: 2748 bp, span-
ning part of the RNA polyinerase coding sequence
and the 3" untranslated region of the virus, and

" 1180 bp of the envelope coding sequence. Phylo-

genetic analyses of these fragments indicated that
the virus, named DT-NY-07, was most closely re-
lated to the deer tick virus (Fig. 3).%+26

To confirm that deer tick virus antigens were
detectable in brain tissue from the patient, two
polyclonal mouse antibody reagents were gener-
ated against whole deer tick virus and recombinant
deer tick virus B protein (tEDTV). Both antiserum

samples showed similar immunohistochemical

specificity in both the cerebellar biopsy and au-
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100)

95[LB (NC 003687)
M1408 (AF310941)

1982464 (AF310939)
M11665 (AF310837) Lineage |
T18-23-81 (AF310943)

1427-62 {AF310942)
64-7062 (AF310945)

_1_32_\_7791&52(%3109501 T
~—— SPO/BLD [AF310938)

100 12542 [AF310949)

DT-NY-07 (EU338403) Lineage I

100

100] [ RS9266 (AF310945)
100k 15001 (AF310947)
91k CTB30 (AF310946)

Louping ill virus (NC 001809)

topsy specimens, although generally a larger num-
ber of neurons and viral antigens in macrophages

were labeled with the whole-virus serum (Fig. 4,

and Fig. 'S in the Supplementary Appendix). The
whole-virus antiserum Iabeled neuronal-cell bod-
ies, dendrites, and axons, The rEDTV serum and
rarely the whole-virus serum also labeled round-
ed, granular-to-tubular profiles within the neu-
ronal cytoplasm of large motor neurons, with a

cellular distribution highly reminiscent of the

Golgi apparatus in some neurons (Fig. 44, and
Fig. 6 in the Supplementary Appendix). Alterna-
tively, the structures may represent viral particles
within the lysosomal-endosomal system. A seg-
mental distribution of labeled neurons was prom-
inent in the hippocampus (Fig. 4B). In isocortical

. regions, occasional labeled neurons and a focus.

of infected cells consistent with oligodendrocytes
were also identified (Fig. 4D).

N ENGL) MED 360;20 NEJM,ORG  MAY 14, 2009

DISCUSSION

Strains of Powassan virus lineages I and IT are
distinct and are maintained in separate enzootic
cycles because of differences in transmission vec-
tors and geographic distribution. Lineage I strains
are transmitted by ticks and have been reported
in North America (mainly in New York State and

Canada) and in eastern Russia, whereas lineage

I strains have been isolated in the Atlantic Coast
of the United States and in Wisconsin.* Lineage I
strains appear to be associated with L cookei-and

groundhogs (Marmota monax), whereas lineage IT

strains are associated with deer ticks and white-.
footed mice (Peromyscus leucopus).” In addition, lin-
eage II strains have not previously been associ-
ated with human disease, whereas a number of
infections in humans associated with lineage I
strains have been documented.*”* Frofi? these re-

[
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pyfa .
decorati al p
pantis arg visible. The wholgdeer |

inset, arrowheads); whereis theé rEDT
Roreactive ngliroris thit were Ht
drrows). In the temporal white

st dssodiated with inflammiatéry réaction
: al white matier,d focus‘of labeled cells consisfent wit}
panel). (For more details, see Fig. 5 4nd 6 ifi thie Supplementary Appendix.) .

ports, it appears that lineage I Powassan enceph-
alitis is characterized by respiratory distress, fever,
vomiting, convulsions, and occasionally paraly-
sis.2%19 Studies in the northern Ontario region of
Canada show an antibody prevalence rate of as
much as 3.2%, indicating that infection does not
always cause severe disease.?? In a phylogenetic

study of Powassan-telated viruses of North Amer-

ica, a lineage II strain (ON97} was reportedly iso-

lated from human brain tisstie. However, no other
information regarding the case was provided.
Confirrmation of infection with a lineage. I
strain of Powassan virus has been made princi-
pally by serologic methods. Because of serologic

N ENGLJ MED 360;20 NE/M.ORG -MAY 14, 2009
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cross-reactivity, these methods do not necessarily
distinguish lineage I from lineage If strains. Neu-
tralization assays are required for confirmation;
molecular detection and sequence determination,
as performed in our investigation, allowed for de-
finitive classification of the virus.

‘In this study, we detected deer tick vifus by
both molecular and immunchistochemical meth-
ods in the central nervous system of a-patient with
encephalitis. The neurotropism seen in this case,
with involvement of both gray and white- matter,

_matches the pattern of central nervous system in-

fection for arbovu’uses WhICh may be highly neu-
roinvasive.”®

_The patient was known to have frequented
wooded areas, although no specific contact with
ticks had been reported. He presented in late
spring, which suggested that transmission was

. probably from nymphal deer ticks, which are most

active during spring and summer menths. In ad-
dition, since nymphal deer ticks are small in size
(1.5 mm in diameter), it is not uncommon for their
bites to remain undetected. It is possible that the
patient’s underlying condition (CLL-SLL} predis-

" posed him to particularly serious disease. Reports

of elderly and immunocompromised patients be-
ing at a greater risk for severe encephalitis caused
by West Nile virus are well documented 2425
Our immunohistochemical studies with newly
generated deer tick virus antibodies demonstrated
prominent labeling of neuronal-cell bodies and
their pracesses; a focus of apparent oligodendro-
glial infection was also identified (Fig. 4). In ad-
dition, some neurons contained rounded granular-
to-tubular profiles. A segmental distribution of
mmmolabehng was evident in the hippocampus,

- as-was seen in cerebellum infected by central

European tickborne encephalitis virus, as described

_ previously.2® The parenchymal lymphocytlc infil-

trates in this case and in previous pathological
studies of tickborne encephalitis virus*®*” were

predominantly CD8+ cytotoxic T cells, which were

also seen in close apposition to surviving neurons,

further indicating that immunologic mechanisms

may have contributed to nerve-cell destruction in
tickborne encephalitides.

Diagnostic testing for Powassan virus is not
routinely performed in patients with encephalitis.
More extensive testing for arboviruses, including
Powassan virus, might reveal that arboviral infec-
tions are more widespread than previously report
ed. For Powassan vitus, testing is especially impor-
tant during the summer months and in regions
where infected ticks are prevalent, Deer ticks trans-
mit several tickborne diseases, including Lyme
disease, human babesiosis, and human’granulo-
cytic anaplasmosis.z This report of deer tick virus
resulting in a fatal case of encephalitis emphasizes
the significance of deer ticks in transmitting a
variety of infections. There are limited data on the
prevalence of infection with deer tick virus among
adult deer ticks, although a rate of 0.6 to 1.3% in |
limited geographic areas in the United States has
been reported.? Because no ‘specific antiviral ther-
apy is available for Powassan infection, the best
strategy remains prevention (i.e., avoidance of con-
tact with the arthropod vector). Studies to elucidate
the prevalence and relative pathogenic features of
Powassan lineages I.and II are warranted.
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Introduction

Members of the genus Arenavirus, comprising currently 22
recognized species (httpi//www.ictvonline.org/virusTaxonomy.
asp?version=2008), are divided into two complexes based on
serolégic, genetic, and geographic relationships [1,2]: the New

World (NW) or Tacaribe complex, and the Old World (OW) or

Lassa-Lymphocytic choriomeningitis complex that includes the
ubiquitous arenavirus type-species Lymphogytic chorivmeningitis virus
(LCMV; [3]). The RNA genome of arenaviruses is bi-segmented,
comprising a large (L} and a small (S) segment that each codes for
two proteins in ambisense coding strategy [4,5]. Despite this
coding strategy, the Arenaviridae are classified together with the
families Orthomyxovitidee and Bumyavinidae as segmcmed single-
strand, negative scnse RINA viruses.

The South American hemorrhagic fever viruses Junin JUNV;
[6,7]), Machupe {MAGCYV; [8]), Guanarito (GTOV; [9]) and Sabia
virus (SABV, [10]), and the African Lassa virus (LASV [11)), are
restricted to biosafety level 4 (BSL-4) containment due to their
associated acrosol infectivity and rapid onsct of severe disease.
With the possible exception of NW Tacaribe virus (TCRV; [12]),
which has been isolated from bats {Artibews spp), individual
arenavirus species are cormonly transmitted by specific rodent
species wherein the capacity for persistent infection without overt
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disease suggests long evolutionary adaptation between the agent
and its host [1,13-16). Whereas NW arcnaviruses are associated
with rodents in the Sigmodontinae subfamily of the family Cricetidae,
OW arenaviruses are associated with rodents in the Auringe
subfamily of the family Muridar.

- Humans are most frequently infected through contact with
infected rodent excreta, commonly via inhalation of dust or
aerosclized virus-containing materials, or ingestion of contami-
nated foods [13]; however, transmission may also occur by
inoculation with infected body fluids and tissue transplantation
{17-19). LCMV, which is spread by the ubiquitous Mdus smusculus as
host species and hence found world-wide, causes symptoms in
humans that range from asymptomatic infection ‘or mild febrile
iliness to meningitis and encephalitis [13], LCMV infection is only
rarely fatal in immunocompetent adults; however, infection during
pregnancy bears serious risks for mother and child and frequently
results in cong:mtal abnormalitics, The African LASV, which has
its reservoir in rodent species of the Mastgmys genus, causes an
estimated 100,000-500,000 human infections per year in West
Aftican countries (Figure 1). Although Lassa fever is typically sub-
clinical or associated with mild febrile Hiness, up to 20% of cases
may have seyere systemic disease culminating in fatal ‘outcome
[20,21]. Three other African arenaviruses are not known to cause
human disease: Ippy virus (IPPYV; [22,23]), isolated from
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Arvicantlis spp. and Mobala virus (MOBVY; [24]) isolated from
Praonrys spp. in the Central African Republic (CAR); and Moapeia
virus (MOPV) that like LASYV is associated with members of the
genus Mestomys, and was reported from Mozambique [25] and
Zimbabwe [26], although antibody studies suggest that MOPV
and LASV may also circulate in CAR [27] where the geographies
of these viruses appear to overlap {Figure 1). Up to present, thiere
have been no published reports of severe human disease associated
with arenaviruses isolated from southern Africa.

In September 2008 an outbreak of unexplained hemorrhagic
fever was reported in South Africa {28]. The index patient was
airlifted in critical condition from Zambia on September 12 to a
dinic in Sandton, South Africa, after infection from an
unidentified source. Secondary-infections were recognized in a
paramedic (case 2) who attended the index case during air transfer
from Zamhia, in 2 nurse {case 3) who attended the index case in

. the intensive care unit in South Africa, and in a member of the

hospital stail {case 4) who cleaned the room after the index case
died on September 14. One case of tertiary infection was recorded
in a nurse (case 5) who attended case 2 after his transfer from
Zambia to Sandtor on September 26, one day before barrier
nursing was implemented. The course of disease in cases 1 through
4 was fatal; case-5 received ribavirin treatment and recovered. A
detailed description of clinical and epidemiologic data, as well as
mununohn;tolog'lca.l and PCR ana!yscs that indicated the presence
of an arenavirus, are reported in a parallel communication
(Paweska et al, Emerg. Inf Dis, subm:ttcd) Here we rcport
detailed genetic analysns of this novc! arenavirus.

Results/Discussion

Rapid identification of a novel pathogen through
unbiased pyroseguencing _

RNA extracts from two post-mortem liver biopsies (cases 2 and
3) and one serum sample (case 2) were independently submitted
for unbiased high-throughput pyrosequencing. The libraries
yielded between 87,500 and 106,500 sequence reads. Alignment
of unique singleton and assembled contiguous sequences to the
GenBank database {http://www.nebinlm.nih.gov/Genbank) us-
ing the Basic Local Alignment Search Tool (blastn’ and blasty;

'@ PloS Pathogens | www.plospathogens.org

A New Pathogenic Arenavitus from Southern Africa

[29}) indicated coverage of approximately 5.6 kilobases (kb) of
sequence distributed along arenavirus genome scaffolds: 2 kb of §
segment sequence in two fragments, and 3.6 kb of L segment
sequence in 7 fragments {Figuie 2). The majority of arenavirus
sequences were obtained from serum rather than tissue, potentially
reflecting lower levels of competing cellular RNA in random
amplification reactions. .

Full genome characterization of a newly identified
arenavirus

Sequence gaps between the aligned fragments were rapidly
filled by specific PCR amplification with primers designed on the
pyrosequence data at both, CU and CDC. Terminal szquences
were added by PCR using a universal arenavirus primer, targeting
the conserved viral termini (5"-CGC ACM GDG GAT CCT
AGG C, modified from [30]) combined with 4 specific primers
_positioned near the ends of the 2 genome segments. Overlapping
prisner sets based on the draft genome were synthesized to
facllitate sequence validation by conventional dldeoxy sequencing.
The accumulated data revealed a classical arenavirus genome
structure with 2 bi-segmented genome encoding in an ambisense
strategy two open reading frames {ORF) separated by an
intergenic stem-loop region on each segment {Figure 2) (GenBank
Accession numbers FJ952384 and FJ952385).

Our data represent genome sequences directly obtained -from
liver biopsy and scrum (case 2), and from cell culture isolates
obtained from blood at CDC (case | and 2), and from hiver
biopsies at NICD (case 2 and 3). No sequence differences were
uncovered between virus detected in primary clinical material and
virus isolated in cell culture at the two facilities. In addition, no
changes were detected between each of the viruses derived from
these first three cases. This lack of sequence variation is consistent
with the epidemiologic data, indicating an injtial natural exposure
of the index case, followed by a chain of nosocomial transmission
among subsequent cases.

Lujo virus {LUV) is a novel arenavirus
Phylogenetic trees constructed from full L or S segment
nucleotide sequence show LUJV branching off the root of the
OW arenaviruses, and suggest it represents a highly novel genetic
lineage, very distinct from previously characterized virus species
and clearly separate from the LCMYV lineage (Figure 3A and 3B).
No evidence of genome segment reassortment is found, given the
identical placement of LUJV relative to the other OW
arenaviruses based on'S and L segment nucleotide sequences. In
addition, phylogenetic analysis of cach of the individual QORFs
reveals, similar phylogenetic’ tree topologies. A phylogenetic tree
constructed from deduced L-polymerase amino acid (aa) sequence
also shows LUJV near the root of the OW arenaviruses, distinct
from characterized species, and separate from the LCMV branch
{Figure 3C). A distant relationship to OW arenaviruses may also
be inferred from the analysis of Z protein sequence (Figure S1).
The NP gene sequence of LUJV differs from other arenaviruses
from 36% (IPPYV) 10 43% (TAMV) at the nucleotide level, and
from 41% (MOBV/LASV) ta 55% {TAMV) at the aa level (Table
81). This degree of divergence is considerably higher than both,
proposed cut-off values within {<10-12%), or between (>21.5%)
QW arenavirus species [31,32], and indicates a unique phylo-
genitic position for LUJV (Figure 3D). Historically, phylogenetic
assignments of arenaviruses have been based on portions of the NP
gene [1,33], because this is the region for which most sequences
dare known. However, as more genomic sequences have become
available, analyses of full-length GPC sequence have revealed
“evidence of possible relationships between OW and NW
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Figure 1. Geographic distribution of African arenaviruses. MOBY, MOPV, and IPPYV (biue} have not been implicated in human disease; LASY
(red) can cause hemorthagic fever. The origin of the LUV index and secondary and tertiary cases linked in the 2008 outbreak are indicated in gold.

doii10.1371/journal.ppat.1000455.9001

arenaviruses not revealed by NP sequence alone [34]. Because G1
sequences are difficult 1o align some have pursued phylogenetic
analyses by combining the GPC signal peptide and the G2
sequence for phylogenetic analysis [16]. We included in our
analysis the chimeric signal/ G2 sequence (Figure 3E) as well as the
receptor binding G1 portion (Figure 3F); both analyses highlighted
the novelty of LUJV, showing an almost similar distance from OW
as from NW viruses.

Protein motifs potentially relevant to LUJV biology
Canonical polymerase domains pre-A, A, B, C, D, and E [35—
37) are well conserved in the L ORF of LUJV (256 kDa, pl =6.4;
Figure 4), The Z ORF (10.5 kDa, pl=9.3} contzins two late
domain motifs Like LASV; however, in place of the PTAP motif
found in LASV, that mediates recognition of the tumor
susceptibility gene 101, Tsg101 {38]), ivelved in vacuolar protein
sorting [39,40], LUJV has a unique Y77REL moti{ that matches
the YXXL motif of the retrovirus equine infectious anemia virus
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[41], which interacts with the clathrin adaptor protein 2 {AP2)
complex [42]. A TsglOl-interacting motif, PgoSAP, is found in
LUjV in position of the second late domain of LASV, PPPY,
which acts as a Nedd4-like ubiquitin ligase recognition motif [43].
The RING motif, containing conserved residue Wy, [44], and the
conserved myristoylation site Ga are present [45-47] (Figure 4).
The NP of LUJV (63.1 kDa, pI =9.0) contains described aa motifs
that resemble mostly OW arenaviruses [48], including 2 cytotoxic
T-lymphocyte {CTL) epitope reperted in LCMV (GVYMGNL;
[49]), corresponding to G2 VYRGNL in LUV, and a potential
antigenic site reported in the N-terminal portion of LASV NP
(RKSKRND; (50]), corresponding to RssKDKRND in LUJV
{Figure 4.

The GPC precursor {52.3 kDa, pI=9.0} is cotranslationally
cleaved into the long, stable signal peptide and the mature
glycoproteins G1 and G2 [51-54). Based on analogy 10 LASY
[55) and LCMV {56], signalase would be predicted to cleave
between Dsg and Ssg in LUJV. However, aspartate and arginine
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Figure 2. LUJV genome organization and potential secondary structure of intergenic regions. Open reading frames (ORF) for the
glycoproteln precursor GPC, the nuclecprotein NP, the matrix protein analog Z, and the polymerase L, and their orientation are indicated (A); blue
bars represent sequences obtained by pyrosequencing from clinical samples. Secondary structure predictions of intergenic regions (IR) for S {8, ) and
L segment sequence (D, E} in genomic (B, D) and antigenomic orientation (C, E} were analyzed by mfold; shading indicates the respective termination

codon (opal, position 1), and its reverse-complement, respectively.
doi;10.137 1/journal ppat.1000455.9002

residues in the —1 and —3 positions, respectively, violate the
(—3,— 1}-rule [57]; thus, cleavage may occur between S5 and Sgp as
predicted by the SignalP algorithm. The putative 59 aa signal
pepide of LUJV displays a conserved Go, implicated in myristoyla-

tion in JUNV [58], however, it is followed.in LUJV by a non-

standard valine restdue in position +4, resembling non-standard
glycine residues found in Oliveros virus (OLVV [59]) and Latine
virus (LATV; http://www2.ncid.cdc.gov/arbocat/ catalog-listing.
asp? VirusID = 263&S1 = 1). Conservation is alsa observed for aa
residues Py {except Amapari virus; AMAV {60]), Eq7 [61){except
Piritat virus; PIRV [62]), and Ny in hydrophebic domain 1, as well
as IspKGVFNLYK(SG, identified as a GTL epitope in LCMV
WE (1s:KAVYNFATCG; [63]) (Figure 4).

Anzlogous to other arenaviruses, SKI-1/51P cleavage C-
terminal of RKI.Msq, s predicted to separate mature G1 (162
aa, 18.9 kDa, pl=06.4} from G2 (233 aa, 26.8 kDa, pl=9.5)
[52,53,64]. G2 appears -overall well conserved, including the
strictly conserved cysteine residues: 6 in the luminal domain, and 3
in the cytoplasmic tail that are included in a conserved zinc finger
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motif reported in JUNV [65) (Figure 4). G2 contains & potential
glycosylation sites, including 2_strictly conserved sites, 2 semi-
conserved sites Nygs {absent in LCMVs and Dandenong virus;
DANV [18)) and Nygp {absent in LATV), and 2 unique sites in the
predicted cytoplasmic tail (Figure 4). GI is ‘poorly conserved
among arenaviruses [16], and Gl of LUJV is no exception, being
highly divergent from the Gl of the other arenaviruses, and
shorter than that of other arenaviruses. LUJV G1 contains 6
potential glycosylation sites in positions comparable to other
arenaviruses, including a conserved site NggHS (Figure 4), which is
shifted by one aa in a2 motif that otherwise aligns well with OW
arenaviruses and NW arenavirus clade A and C viruses. There is
no discernable homology to other arenavirus G1 sequences that
would point to usage of one of the two identified arenavirus
receptors; Alpha-dystroglycan (c-DG) [66] that binds OW
arenaviruses LASV and LCMV, and NW clade C viruses OLVV
and LATV [67], or ‘transferrin receptor 1 (TIR1) that binds
pathogenic NW arenaviruses JUNV, MACV, GTOV, and SABV
[68] (Figure S2).-
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Figure 3. Phylogenetic analyses of LUJV. Phylogenetic relationships of LUV were inferred based on full L (A) and 5 segment nuclectide
sequence (B), as well as on deduced amino acid sequences of L {C}, NP (D), Signal/G2 (E) and G1 (F) ORF's. Phylogenies were reconstructed by
neighbor-joining analysis applying a Jukes-Cantor model; the scale bar indicates substitutions per site; robust boostrap suppert for the positioning of
LulV was obtained In all cases (>98% of 1000 pseudoreplicates). GenBank Accession numbers for reference sequences are: ALLV CLHP2472
(AY216502,- AY012687); AMAV BeAn70563 (AF512834); BCNV AVAQ070039 (AY924390, AY922491), AO060209 (AY216503); CATV AVAD400135
(DQBG5244], AVAD400212 (DQB65245); CHPV 810419 {EU, 260464, EU260463); CPXV BeAn119303 (AY216519, AF512832); DANV 0710-2678
(EU136039, EU136038); FLEV BeAn293022 (EUG27611, AF512831); GTOV INH-95551 (AY353024, AF485258), CVH-960101 (AY497548); IPPYV
DakAnB1£8d (DQ328878, DQ328877) JUNV MC2 (AY216507, D10072), XJ13 (AY358022, AY358023), CbalV4454 (DQ272266); LASV LP {AF181853),
803213 (AF181854), Weller (AY628206), AV (AY179171, AF246121), Z148 {AY628204, AY628205), Josiah (U73034, J043204), NL {AY179172, AYI79173)
LATV MARU10924 (EU627612, AF4BS259); LCMV Armstrong (AY847351), ARMS3b (M20869), WE (AFQ04519, M22138), Marseille12 (DQ286932,

DQ286931), M1 {AB261991); MACV Carvallo (AY619642, AY619643), Chicava {AY624354, AY624355), Mallele (AY610644, AY619645), MARU222688
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(AY922407), 9530537 (AYS71955) MOBYV ACAR30BOMRCSPZ (DQ328876, AY342390); MOPV AN20410 (AY772169, AY772170), Mozambigue
(DQ328875, DQ328874); NAAV AVD1240007 (EU123328); OLWV 3220-1 {AY216514, U34248); PARV 12056 (EU627613, AF485261); PICV (K02734),
MunchiqueCoAn4763 (EF529745, EF529744), AN3739 (AF427517); PIRV VAV-488 (AY216505, AF277659); SABV SPH114202 (AY358026, U41071); SKTV

AVD1000090 (EU123328); TAMV W10777 (EU627614, AF512828); TCRV (J04340, M20304); WWAV AV9310135 (AY924395, AF228063).

dok10.1371/journal.ppat.1000455.9003

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

human disease, antigenic cross. reactivity, and protein sequence
similarity to ather species. By these criteria, given the novelty ofits
presence in southern Africa, capacity to cause hemorrhagic fever,
and its genetic distinction, LUJV appears to be a new species.

Materials and Methods

Sequencing

Clirical specimens were inactivated in TRIzol (liver tissue,
100 mg) or TRIzol LS (serum, 250 ul) reagent (Invitrogen,
Carlshad, CA, USA} prior to removal from BSL-4 containment.
Total RNA exwracts were treated with DNase 1 (DNA-free, Ambion,
Augstin, TX, USA) and cDINA generated by using the Superscﬁpt it
system (Invitrogen) and 100-500 ng RNA for reverse transcription

primed with random octamers that were linked to an arbitrary,

defined 17-mer primer sequence [74]."The resulting cDNA was
treated with RNase H and “then randomly amplified by the
polymerase chain reaction (PCR; [75]); applying a 9:1 mixture of a
primer corresponding to the defined 17-mer sequence, and the
random octamer-finked 17-mer primer, respectively {74]. Products
> 70 base pairs (bp} were selected by column purification’ (MiriElute,
Qiagen, Hilden, Germany) and ligated to specific linkers for
sequencing on the 454 Genome Sequencer FLX (454 Life Sciences,
Branford, CT, USA} without fragmenmtion of the cDNA
(19,76,77]). Removal of primer sequences, redundancy filtering,

Figure 4. Schematic. of conserved protein motifs, Conservation of LUJV amine acid motifs with respect-to all other {(green highlight), to OW
(yellow highlight), or to NW (blue highlight) arenaviruses is indicated; grey highlight indicates features unique to LUJV. Polymerase motifs pre-A
(Ly1az) A (N1agsh B (Myz13), € (Lazas), D {Qraesh and E {Cyaee) 2re indicated for the L ORF; potential myristoylation site Gy, the RING motif Haa/Cre and
potential late domains YXXL an PSAP are indicated for the Z ORF; and myristoylation site G;, posttranslational processing sites for signalase (5s0/5¢a)
and S1P cleavage (RKLM,;,), CIL epitope {l3}, zinc finger motif P415/Gaaq, as well as conserved cysteine residues and glycosylations sites {Y} are
indicated for GPC. * late domain absent in NW viruses and DANV; { PSAP or PTAP in NW viruses, excep? in PIRV and TCRV (OW viruses: PPPY); # G in
all viruses except LCMV (=A) | D in NW clade A only; § conserved with respect to OW, and NW clade A and C: HD, hydrophobic domain; TH,
transmembrane anchor.

doi10.1371/journal ppat. 1000455.9004
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and sequence assembly were performed with software programs
accessible through the analysis applications at the GreenePortal
website (http://156.145.84.111/Tools).

Conventional PCRs at CU were performed with HotStar
polymerase (Qjagen) according to manufacturer’s protocols on
PTC-200 thermocyclers (Bio-Rad, Hercules, CA, USA): an
enzyme activation step of 5 min at 95°C was followed by 45
cycles of denaturation at 95°C for 1 min, annealing at 55°C for
1 min, and extension at 72°C for i to 3 min depending on the
expected amplicon size. A two-step RT-PCR. protocol was also
followed at CDC using Invitrogen’s Thermoscript RT at 60
degrees for 30 min followed by RNase H treatmnent for 20 min.
‘¢DNA was amplified using Phusion enzyme with GC Buffer
(Finnzymes, Espoo, Finland} and 3% DMSO with an activation
step at §8°C for 30 sec, followed by the cycling conditions of 98°C
for 10 sec, 58°C for 20 sec, and 72°C for 1 min for 35 cyclesand a
5 min extension at 72°C, Specific primer sequences are available
upon request. Amplification products were run on 1% agarose
gels, purified (MinElute, Qjagen), and directly sequenced in both
directions with ABI PRISM Big Dye Terminator 1.1 Cyde
Scquencing kits on ABI PRISM 3700 DNA Analyzers (Perkin-
Elmer Applied Biosystems, Foster City, CA).

Sequence analyses

Programs of the Wisconsin GOG Package (Accelrys, San Diego,
CA, USA) were used for sequence assembly and analysis; percent
sequence difference was calenlated based on Needleman-Wunsch
alignments {gap open/extension penalties 15/6.6 for nucleotide and
10/0.1 for aa alignments; EMBOSS [78]), using a Per script to
iterate the process for all versus all comparison. Secondary RNA
structure predictions were perfoxmcd with the web-based version of
mifold (http:/ /mfold.bisinfo.rpi.edu); data were exported as .t files
and layout and annotation was done with CLC RNA Workbench
(CLC bio, Arhus, Denmark). Protein topology and targeting
predictions were generated by employing SignalP; and NefNGlyc,
TMHMM (http:/ /www.cbs.dtu.dk/services), the web-based ver-
sion of TopPred (http://mobyle.pasteur.fr/ cgi-bin/portal py*form
=toppred), and Phobius (http / /phaobius.sbesu.se/). Phylogenetic
analyses were performcd usmg MEGA software [79]
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Supporting Information

Figure S1 ' Phylogenetic tree based on deduced Z amino acid
sequence. In contrast to phylogenetic trees obtained with the other
ORFs {Figurc 2), poor bootstrap support (43% of 1,000
pseudareplicates) for the branching of LUV off the LCMV clade
was obtained with Z ORF sequence. For GenBank accession
numbers sce Figure 2.

Found at: doi:10.1371/journal. ppat.1000455.5001 (0.44¢ MB TIF)

Figure $2 Pairwise sliding-window distance analysis of GPC
sequence. LUJV and members of the OW (LASV, MOPYV,
IPPYV, LCMV, DANV) and NW (GTOV, CPXV, BNCV,
PIRV, OLVV, SABV, MACV) arenavirus complex were

aa step; 80 aa window).
Found at: doi:10.1371/journal.ppat. 1000455.5002 (4.2t MB TIF)

Table S1 Pairwise nuclectide and amino acid differences
between LUV and other OW and NW arenaviruses. ¥ NAAV,
North American arenavirus. 1 Values <30% {amino acid) or
<<33% (nucleotide) are highlighted in green.

Found at: doi:10.1371/journal. ppat.1000455s003 (0.20 MB
DOC)
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inks €
Donations Ljunga'n.virus_ (genus Parechovirus,, family Picomaviridae ) has
. beén shown to cause fetal death and malformations in laboratory mice.
About ProMED-mail

The virus now has been associated with intrauterine fetal deaths in
humans based on both laboratory and epidemiological evidence, This
virus was isolated from one_ of its wild rodent reservoirs, the bank
vote { Myodes glareolus ), near the Ljungan River in central Sweden
{1, 2). Ljungan virus also has been identified in wild rodents in the
USA (3, 4). Ljungan virus is related to cardioviruses, picomaviruses
which also have rodents as their main reservoir hosts.

Cardioviruses and their role as potential human pathogens recently
were discussed on ProMED — see ProMED archive refs. below.

Studies with laboratory mice showed that more than half of the dams
infected with Liungan virus during pregnancy and then exposed to
stress gave birth to pups that died during the perinatal period (5).
Malformations of the central nervous system, including hydrocephaly
[water on the brain] and anencephaly [lack of brain], were seen in

- some of these offspring.

Recent studies in Sweden found Ljungan virus in placenta and tissue
from human cases of intrauterine fetal death (IUFD) using both
immunaohistochemistry and real tims RT-PCR (6, 7). Placentas from
normal pregnancies have been used as controls and found to be Ljungan
virug—negative, An intriguing association between the incidence of
IUFD and eyslic rodent density has been observed. Ljungan virus also
was found in one IJFD case in the United States. ’
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[The genus Parechovirus_is one of the 8 genera comprising the
family Picomaviridae_ and includes 2 species, _Human parechovirus_
and 1jungan virus_. According to Virus Taxonomy (The Eighth Report
of the International Committee on Taxenomy of Viruses), the human
parechoviruses replicate in the respiratory and gastrointestinal -
tracts. Infection is particularly prevalent in young children but is
probably mostly asymptomatic. In addition to fespiratory infections
and diarrhea, infections of the central nervous system have been
reported occasionally. The cytopathology may be unusual in including
changes in granularity and chromatin distribution in the nucleus when
viewed by the electron microscope. Isolates of Lijungan virus appear
to infect predominantly rodents. The predicted protein sequences of
parechoviruses are highly divergent, with no protein having a greater
than 30 percent level of identity compared with corresponding
proteins of any other member of the family _Picornaviridae_, The
American and Swedish isclates of Ljungan virus show some divergence.

skkrkProfessor Niklasson has indicated that he is seeking
collaborators to pursue these observations in greater depth, Anyone
with an interest or involvement in the field should contact Professor
Niklasson directly. sk

- Mod,CP]

[see also:

2008

Cardioviruses, human (02) global presence 200803811.2845
Cardioviruses, human: 1st report 20080910.2824

1998 :

Myocarditis, rodent vector — Sweden 19980720.1371]
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JDC: West Nile Virus — Statistics, Surveillance, and Control > Case Count 2008
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West Nile Virus Home > Statistics, Surveillance, and Control > mg_eﬂ
Siatistics, Surveiliance, and Control Espafiol
Maps and Data | Surveillance Program | Guidelines | Case Definition |
See Also
Final 2008 Wast Nile Virus Activity
in the United States
State ﬁ%:f;?;ﬁ: ! Fever Cﬁsticai?g;z;eciﬁed Total  Faialitie
Alabama 11 7 B 18 0
Arizona 62 ‘43 9 114 7
Arkansas 7 2 0 9 0
Califernia 292 149 4 445 i5
Coloradoe 17 54 0 71 1
Connecticut 1 g8 .0
Delaware 1 0
gt ; ; s o
Florida 0 '0
Georgia 1 9]
Idaho 2 31 6 39 1
Iilinois 12 4 20 1
Indiana 1 4 0
Towa 3 3 6 1
Kansas - 14 17 o, 31 0
Kentucky 3 . 0 0 3 0
' Louisiana 18 31 0 49 1
Maryland 6 1 14 0
Massachusetts, 0 1 0
Michigan 11 2 17 0
Minnesota 2 8’ 0 10 - 0
Mississippi 22 43 0 65 2
Missouri . - 12 0" 15 1
Montana 0 2 5 0 |
Nebraska 7 - 40 0 47 1
- Nevada 9 - 5 2 16 o
New Jersey 6 - -4 0 10 2
. New Mexico_. .5 3. 0 8 o .
“New York 32 '14;-. 0.7 6 7 6.
" North Cardlina ~ “.2= 1 .0 i R e 07
66 . 35"'_".- N [ .37 0
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Ohioc 14 0 -15 1
Oklahoma 4 5 0 9 0
Oregon 3 i 13 o 16 0
Pennsylvania 12 2 0 i4 1
Rhode Island 1 0 1 0
Cil?(;’lti:rr:a 0 1 0 1 0
South Dakota i1 28 0] 39 o
Tennessee 12 7 0 19 i
Texas 40 | 24 0 64 1
Utah 6 18 2 26 o
Virginia 0 0 -1 1 o
Washington 2 i o 3 0
West Virginia 1 0 0] i 0
Wisconsin 4 3 1 8 i
Wyoming 0] 8 0 8 o
£

Tetals 687 ' 534 45 1356

s

West Nile encephalitis and ‘West Nile meningitis are forms of severe disease that affect a
person’ s nervous system. Encephalitis refers to an inflammation of the brain, meningitis is an
inflammation of the membrane around the brain and the spinal cord.

" Click here for further explanation of WN meningitis andfor encephalitis.

West Nile fever refers to typically less severe cases that show no evidence of neurcinvasion.
WN fever is considered a nofifiable disease, however the number of cases reported
(as with all diseases) may be limited by whether persons affected seek care, whether
laboratory diagnosis is ordered and the extent to which cases are reported to health
authorities by the diagnosing physician.

Other Clinical includes persons-with clinical manifestations other than WN fever, WN encephalil
or WN meningitis, such as acute flaccid paralysis. Clinical/Unspecified cases are those for whi
‘ sufficient clinical information was not provided

See the case definition (2004) for_Neuroinvasive and Non- Ngummxﬁsu(e Dormestic Arbo:- faal
. ‘Diseases. From the CDC Epidemiology- Program Office, . -_.‘_-.-__-f

Total Human Cases Reported to CDC: These numbers reflect both mild and severe human

disease cases occurring between January 1, 2008 to December 31, 2008 as reported through'Ag

10, 2009 to ArboNET by state and local health departments, ArboNET is the national, electroni

surveillance system established by CDC to assist states in tracking West Nile virus and other

mosquito-borne viruses. Information regarding 2008 virus/disease activity is posted when suc
cases are reported to CDC.

Of the 1356 cases, 687 (51%) were reported as West Nile meningitis or encephalitis
(neuroinvasive disease), 624 (46%) were reported as West Nile fever (milder disease), and 4!
(3%) were clinically unspecified at this time. Please refer to state health depariment web sites |
' further details regarding state case totals. '

Note: The high proportion of neurocinvasive disease cases among reported cases of West Nile vil
disease reflects surveillance reporting bias. Serious cases are more likely to be reported than m
cases. Also, the surveillance system is not designed to detect asymptomatic infections. Data' frc
population-based surveys indicate that among all people who beceme infected with West Nile vi
~ (including people with asymptomatic infections) less than 1% wili develop severe néuroinvasiv
disease. See: Mostashari F, Bunning ML, Kitsutani PT, et al. Epidemic West Nile Encephalitis, Nt
York, 1999: Results of a household-based séroepidemiological suivey, Lancet 2001;358:261-2¢

Cer

‘http://www.cdc.gov/ncidod/dvbid/westnile/surv&controlCaseCount08 detalledhtm -1~ * " " 2009/05/



CDGC: West Nile Virus — Statistics, Surveillance, and Control > Cése Count 2008 : . 3/3 R

For Case Information:
199912000] 2001 | 2002200312004 | 2005 | 2006|2007 [ 2008 _
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JRC2009T-011

E  NEW YORK CITY DEPARTMENT OF
HEALTH AND MENTAL HYGIENE
Thomas R. Frieden, MD, MPH

Health Commissioner

Health Advisory #5:
Increase in Transfusion-associated Babesiosis in NYC

o Seven cases of transfusion-associated babesiosis have been identified among New York City (NYC)
residents since September 2008; this is a notable increase over baseline as previously an average of
one to two transfusion-associated cases were reported annually;

o The NYC Health Department is asking provlders to consider babesiosis in the differential diagnosis
of patients with fever and/or hemolytic anemia who have a history of transfusion or organ transplant
within the preceding 3 months;

o Suspected cases should be tested for babesiosis (see below for details), and laboratory positive cases
should be reported to the NYC Health Department as well as the New York State Department of
Health (NYSDOH) Blood and Tissue Resources Program (see contact information below).

Please distribute to staff in the Departments of Internal Medicine, Pediatrics, Family Medicine, Infection Control, - %7
Infectious Disease, Emergency Medicine, Critical Care, Hematology/Oncology, Pharmacy, Blood Bank and
Laboratory Medicine.
February 23, 2009

Dear Colleagues,

Reported cases of transfusion-associated babesiosis among New Yorkers have increased during the previous 6

months. In the past, an average of 1-2 reports of transfusion-associated babesiosis was received by the Department
annually; since September 2008, 7 cases have been identified. Patients recéiving transfusions often have e
underlying illnesses, inclading immunosuppressive conditions, and providers may not suspect babesiosis, especmlly
during winter months when travel to endernic areas is less common. This alert reminds providers to consider
babesiosis in the differential diagriosis for patients with febrile illnesses and/or hemolytic anemia.who have

received blood components or transplanted organs in the preceding 3 months,

Babesiosis is a rare, somcnmcs severe or fatal tick-borne disease: causad by Babesza microti, a parasite that infects
red blood cells. Symptoms occur most? frequently in elderly, asplenic or 1mmunocompromlsed individuals and may
infection is often asymptomatic, m‘bzuses mild illness with fever, headache myalgla and: malmse Unt:eated
infections can per31st for up to a year or longer.

Naturally acquired Babesia is transmitted by infected Ixodes scapularis, or blacklegged ticks, which are also known
to transmit Borrefia burgdorferi (Lyme discase) and Anaplasma phagocytophilum (anaplasmosis). The blacklegged
tick is only rarely found in NYC; however it is present in nearly all areas surrounding the City. Highly endemic
areas for Babesia microti near NYC include:Long Island (especially Fire and Shelier Islands), Connecticut, New
Jersey and Massachusetts, Transrmssmn risk is greatest during spring and summer, when nymphal ticks are
abundant,

The number of cases of babesiosis reported among NYC residents has gradually risen since 1989 when 2 cases
were reported. This trend has béen seen in the surrounding region as well. This may in part explain the increased
number of transfusion-associated cases. In 2002, 16 cases were reported, and provisional data for 2008 has 39
cases reported to date, see Table 1). .

Table 1. Reported Cases of Babesiosis in NYC 2002-2008
2002 | 2003 | 2004 | 2005 | 2006 | 2007 2008
16 25 16 18 38 25 1 -39




Transmission through blood transfusion can occur when blood components collected from a parasitemic donor are
transfused to a susceptible recipient. To date, transmission has been reported only with red blood celis (both fresh
and frozen) and platelets. According to the FDA, since 1979 over 80 cases of transfusion-associated babesiosis
have been reported in the US, the majority of which occurred during the past decade’. Currently, there is no
laboratory screening of the blood supply for evidence of infection with Babesia. Donors are deferred if they have a

_ fever at the time of donation or report a history of Babesia infection, but this practice alone is unable to prevent
asymptomatic individuals with low levels of parasitemia from serving as donors. :

Clinicians in NYC should consider transfusion—associated babesiosis in any patient presenting with unexplained
febrile illness and/or hemolytic anemia who received blood components or organ fransplantation in the preceding
three months. The incubation period for tick-associated babesiosis can range from 1 to 4 weeks; for transfusmn—
associated babesiosis, 2 1o 9 weeks.

Diagnosis can be made by identifying ring forms (which closely resemble Plasmodium falciparum) and tetrad
forms within red blood cells on a Giemsa or Wright stained blood smear. Babesia polymerase chain reaction (PCR)
and serologic tests are available commercially to assist with the diagnosis. Confirmnatory testing, including review
of blood smears and submission to NYS for PCR, if deemed necessary, is available through the NYC Public Health
Laboratory. A request form must be completed for specimen submissions. For more information, call the
Parasitology Laboratory at (212) 447-2972 during business hours. Forms can be found online at

http:/ferww nye.gov/hitml/doh/htimni/abs/labs forms shtml .

Treatment is generally not recommended for asymptomatic or mild self-limiting infections. For patients in whom

illness is more severe, combination drug therapy has been successful. While the combination of clindamycin and

quinine for 7 days was used historically, side effects including tinnitus and gastroenteritis can be problematic.

More recently, the combination of atovaquone and azithromycin has been favored as this regimen is equally

effective and results in fewer side effects”. In rare-instances, an exchange transfusion may be indicated. For

additional information on treatment options, refer to the Medical Letter, Drugs for Parasitic Infections. See
htp/iwww dpd.cde. gov!dpdx/I-ITMUPDF Files/MedLetter/Babesiosis.pdf.

" Additional mformatmn is avazlable on the DOHMH website at: hitp/fwww.nye.sovhiml/doh/html/cd/cdbab. shtml
or the CDC website at: hitp://www.cde. govfnadod/dpdfgarasnes/babes:a!default hitm

Please call the Bureau of Communicable Disease at 212-788-9830 with any questions regarding testing, diagnosis,
reporting or management of suspected cases of babesiosis. Cases of transfusion-associated babesiosis must also be
reported to the NYSDOH Blood and Tissue Resources Program at 518-485-5341. A report must also be made to
your hospitals” transfusion service so they can notify the blood center that supplied the blood components,

Cases can be reported to the DOHMH by telephone (212-788-9830) or facsimile transmission (212-788-4268)
using the paper or electronic Universal Reporting form (URE). The URF and instructions can be abtained from
your hospital’s Infection Control Practitioner or downleaded from the DOHMH website at
http:/home2.nve.govihtml/dolvhtmlhep/hep-urf.shtml. Visit
httg:{Ihome2.ngc.govihtml!dohfhimlfhcgmcg.shtml to join NYC-MED in order to submit a URF online,

As always, we greatly appreciate your coopcrauon and collaborationin our efforts to detect, mvesngatc and prevent
infectious diseases in New York Clty

Sincerely,

Satly Stavnki, DVIX., WOH, ACVPX : ' e Fene, WD

Sally Slavinski, DVM, MPH, ACVPM, Assistant Director Annie Fine, MD, Medical Du'ector
Zoonotic, Infiuenza and Vectorborne Disease Unit (ZIV DU) ZIVDU

Bureau of Communicable Disease Bureau of Communicable Disease

{ Gubernot D et al. Babesia Infection through Blood Transfusions: Repoﬂs Received by the US Food and Drug Administration, 1997-2007. CID 20(9;48 (l
January):pps 25-30.
% Krause PI et al. Atovaquone and azithromycin for the treatment of babesiosis. NEIM 2000 Nov 16.343(20) 1454-8.
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Fatalities Reported to FDA Following Blood Collection and Transfusion

Annual Summary for Fiscal Year 2008

I Background

As previously mentioned in the annual summary of fatalities reported to the FDA in Fiscal Years
(FY) 2005, FY2006, and FY2007, the blood supply is safer today than at any time in history.
Due to advances in donor screening, improved viral marker tests, automated data systems, and
changes in transfusion medicine practices, the risks associated with blood transfusion continue to
decrease. Overall, the number of transfusion related fatalities reported to the FDA remains small-
in comparison to the total number of transfusions. In 2006 there were approximately 30 million
components transfused.! Diring the proximate period of FY2006, there were 73 reported
transfusion related and potentially transfusion related fatalities, with subsequent decreases to 63
in FY2007 and 54 in FY2008.

CBER is distributing this summary of transfusion fatality reports received by the FDA to make
public the data received in FY2008, to provide the combined data received over the last four
fiscal years, and to compare the FY2008 reports to the fatality reports received in FY2007,

. FY2006, and FY2005. We also include information on the infrequent reports of post-donation
fatalities. Throughout this report we note changes over time, but the reader should interpret these
changes cautiously, given the small numbers of reports and inherent variations in reporting
accuracy. The significance of shifts in numbers derived from small populations may appear to be
greater than they really are. :

Refer to Sections 606.170(b) and 640.73 of Title 21, Code of Federal Regulations

(21 CFR 606.170(b) and 21 CFR 640.73), for fatality reporting requirements. For information
regarding the notification process, see our web page, Notification Process for Transfusion
Related Fatalities and Donation Related Deaths, http.//www.fda.gov/cber/transfusion.htm. For
further information, see our Guidance for Industry Notifying FDA of Fatalities Related to
Blood Collection or Transfusion, September 2003.> A

A team of CBER medical officers reviews the documentation submitted by the reporting _
facilities and obtained by the FDA investigators, to assess the relationship, if any, between the
blood donation or transfusion and the reported fatality.

1 Whitaker BI, Green J, et al. The 2007 Nationwide Blood Collection and Utilization Survey Report, Washmgton
{DC): Departinent of Health and Human Services; 2008.

2 Guidance for Industry: Notifying FDA of Fatalities Related to Blood Collection or Transfusion, September 2003
http:/fwww.fda:.gov/cber/gdins/bldfatal htm.

o
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If you have questions concerning this summary, you may contact us using any of the three
following options.

1. Email us at fatalities?i@fda.hhs.cov, '
. Call us at 301-827-6220, or
3. Write us at:

FDA/Center for Biologics Evaluation and Research
Office of Compliance and Biologics Quality
Division of Inspections and Surveillance (HFM-650)
1401 Rockville Pike, Suite 200 North

Rockville, Maryland 20852-1448

il. Results

During FY2008 (October 1, 2007, through September 30, 2008), we received a total of o
82 fatality reports. Of these reports, 72 were transfusion recipiént fatalities and 10 were post-- S
donation fatalities. :

5
Sl

Of the 72 transfusion recipient fatality reports, we concluded:

a) 46 of the fatalities were transfusion-related,

b) in 8 cases we were unable to rule out transfusion as the cause of the fatality,

) ¢) 18 of the fatalities were unrelated to the transfusion.

We summarize the results of our review in the following sections. Sections A through D of this
document present the transfusion-related fatalities. Sections E and F and Table 4 present the
fatality reports which were unrelated to the transfusion, or in which we could not rule out'the
transfusion as the cause of death. Section G presents 1 the post-donation fatality reports.

Al Ovcra.ll Comparison of Transfusmn-Related Fata11t1es Reported fromaFY2005 through

FY2008 _
B. Transfusion Related Acute Lung Injury (T RALI) -

C. Hemolytic Transfusion Reactions TR : R : S ;’if-'.'-'?.j,’
D. Microbial Infection ' o :

E. Transfusion Not Ruled Qut as Cause of FatallW

F. Not Transfusion Related

G. Post-Donation Fatalities

A. Overall Comparison of Transfusmn-Related Fatalltles Reported from FY2005
through FY2008 .

In combined FY2005, FY2006, FY2007, and FY2008, Transfusion Related Acute Lung Injury
(TRALI) caused the highest number of reported fatalities (51%), followed by hemolytic
transfusion reactions (25%) due to non-ABO (15%) and ABO (10%) incompatibilities.
Complications of microbial infection, Transfusion Associated Circulatory Overload (TACO), -
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and anaphylactic reactions each accounted for a smaller number of reported fatalities (Table 1
and Figure 1).

Table 1: Transfusion-Related Fatalities by Complication, FY2005 through FY2008

Page 3 of 11

Complication { FY05 | FY05 | FYOo6 | FY06 | FYQ07 | FYQ7 | FY08 | FY08 Total Total
No. % No. % No. Yo No. % No. %
TRALI 29 A7% 35 56% 34F 65%. 16* 35% 114 51%
HTR :
(non-ABO) 16|  26% o  14% 2 4% 7| 15% 34| 5%
Microbial .
Infection 8 13% 7 11% ) 12% 71 15% 28 13%
HTR (ABO) 6 10% 3 5% 3 6% 10 22% 22 10%
TACO 1 2% 8 13% 5 10% 3 7% 17 8%
Anaphylaxis 0% 1 2% 2 4% 3 7% B 3%
Other 2 3% 0 0% 0 0%| . of 0 2 1%
Totals 62 100% 63 100% 52 100% 46 100% 223 100%
*In FY2007, our-review committee began using the Canadian Consensus Conference criteria>* for evaluating

TRALI cases — these numbers includes both “TRALT”? and “possible TRALI” cases
**Other:.Includes one case of Graft vs. Host Disease (GVHD) and one therapeutic plasma exchange (TPE) error
(use of a treatment column contraindicated due to patient’s medical history) .

Figure 1: Transfusion-Related Fatalities by Complication, F¥2005 through l;"YZOOS
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B. Transfusion Related Acute Lung Injury (TRALI)

* Goldman M, Webert KE Amold DM. et al. Proceedings ofa consensus conference towards an understandmg of
TRALIL Transfus Med Rev 2005;19:2-31.
* Kleinman S, Caulfield T, Chan P, et al. Toward an understanding of transﬁlsmn-related acute lung i mjury
statement of a consensus panel. Transfusion 2004;44:1774-1789. -
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While TRALI represented 51% of confirmed transfusion related fatalities reported to CBER over
the last four fiscal years, in FY2008 fatalities due to TRALI decreased to 35% of confirmed
transfusion related fatalities, compared to 65% in FY2007, 56% in FY2006, and 47% in FY2005.
The number of TRALI fatalities associated with receipt of Fresh Frozen Plasma (FFP) decreased
from 22 (63% of TRALI cases) in FY2006 to 12 (35% of TRALI cases) in FY2007 to 4 (25% of
TRALI cases) in FY2008 (Figure 2). TRALI fatalities associated with receipt of Apheresis
Platelets increased from 1 (3% of TRALI cases) in FY2007 to 5 (31% of TRALI cases) in
FY2008. The percentage of FY2008 TRALI fatalities associated with receipt of Red Blood Cells
(31% of TRALI cases) was comparable to that reported in FY2007 (35% of TRALI cases).

In Calendar Year 2006, transfused plasma products accounted for approximately 13% of all
transfused components, apheresis platelets (using platelet concentrate equivalent umts) -
approx1mately 30%, and red blood celi-containing products — approximately 49%. In
comparison, for the combined fiscal years 2005-2008, FFP and other plasma accounted for 48%
(55/114) of reported TRALI fatalities, apheresis platelets accounted for 10% (12/114), and
RBC’s accounted for 24% (27/114). _

In FY2008, the 16 TRALI cases were temporally associated with products from 20 donors. Of
these donors, 17 (85%) were tested for white blood cell (WBC) antibodies (Table 2). Antibody
tests were negative in 18% of those tested. Of those tested, Human Leukocyte Antibodies (FILA)
were present in 58% of donors. Human Neutrophil Antibodies (HNA) were present in 12% of
‘donors, but these reactions were weak and non-specific. Some of the donors had multiple
antibodies. Reporters who included patient testing data were able to match donor antibodies with
recipient cognate antigens in 4 of the 16 cases, implicating 4 female donors. In two cases,
reporters were able to identify recipient antibodies that matched or were a probable match to -
donor cognate antigens. In another case, both donor and recipient antibodies were identified
which matched cognate antigens in the corresponding recipient and donor.

Of the 20 implicated donors, reports identified 13 females (65%) and 7 males (35%).

Although the transfusion community has taken voluntary measures to reduce the risk of TRALI,
this complication of transfusion continues to be one of the leading causesof transfusion-related -
fatalities reported to the FDA. Data show that the largest percentage of fatal TRALI cases are
associated with female donors with white blood cell antibodies, and recent literature describes
efforts to selectively use plasma from male donors for transfusion:*” ® In November, 2006, the
American Association of Blood Banks ({AABB) issued an Association Bulletin (#06-07), which
included a recommendation that blood collection and transfusion facilities begin implementation
.0of TRALI risk reduction measures for all high plasma-volume components. The measures
include mtervenuons to minimize the preparation of these components from donors known to

* Whittaker BI, op.cit. Tables 4-1 and 4-2.

8 Curtis, BR, Mcfarland JG. Mechanisms of transfusion-related acute lung injury (TRALI) anti-leukocyte
antibodies. Crit Care Med 2006;34(5 Suppl):5118-5123.

"Eder AF, Herron R, Strupp A, et al. Transfusion-related lung injury surveillance (2003-2005) and the potent1a1

impact of the selective use of plasma from male donors in the American Red Cross. Transfusion 2007;47:599-607.

¥ Chapman CE, Williamson LM, Cohen H, et al. The impact of using male donor plasma on hemovigilance reports
of transfusion-related acute lung injury (TRALI) in the UK (abstract). Vox Sang 2006; 91(Supp1 3):227.
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have white blood cell antibodies or who are at increased risk for developing these antibodies.’
Some of the more current literature further describes efforts to reduce the use of plasma for
transfusion prepared from female donors. %!

Figure 2: Reports of TRALI1 by Implicated Blood Product, FY2005 through FY2008

30
s 20
L
E
= 10
0 Platelets | Muliple |
. atelets utupie
FFP RBC Plasma® | o eresis | Products
@ FY05 13 5 3 4 :
mFYos| 22 5 ! 2 >
O FYo7 12 12 0 ! >
Fros| 4 5 0 5 2
. Blood Product

*FY2005: Includes 2 FP24 (Plasma frozen within 24 hours afer collection) and ! Liquid Plasma
FY2006: Includes 1 FP24

Table 2: Donor Antibodies Identified in Association with TRALI, FY2007 and FY2008

Donor Leukocyte Antibodies | FYO7No. | FY07% | FY08No.| FY08%
-HLA Class | 18 17% 3 18% |
HLA Class il 6| = 6% 2| 12%
HLA Class | and || 15 14% 6 35%
HNA 17 16% 2 12% ,
HLA and HNA ' 6 6% 2| 12%
Negative 42 41% 2 12%
Total Donors Tested ' 104 100% 17 100%

This table does not include the 59 donors that were not tested for WBC antibodies in FY07 and the 3 donors that
were not tested in FY08.

? Transfusion-related acute lung injury. AABB Assoc1at10n Bulletin (#06-07). Bethesda: American Association of
Blood Banks;2006 Nov 3.
19 Wright S, Athey S, Leaver A, et al. The effect of male-donor—only fresh frozen plasma on the incidence of acute
lung injury following ruptured abdominal aortic aneurysm repair. Crit Care 2007;11:374.
u Chapman CE, Stainsby D, Jones H, et al. Ten years of hemovigilance reports of transfusion-related acute lung
injury in the United Kingdom and the impact of preferential use of male donor plasma. Transfusion
;doi:10.1111/].1537-2995.2008.01948 x

“r
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C. Hemolytic Transfusion Reactions

In FY2008 hemolytic transfusion reactions were the leading cause of transfusion related
fatalities reported to CBER, representing 37% of confirmed transfusion related fatalities. The
number of reported fatal hemolytic transfusion reactions increased to 17 in ¥ Y2008 as compared
to 5 in FY2007, and 12 in FY2006. The recent increase is due to an increase in reports of ABO
hemolytic reactions, with reports of 10 in FY2008, as compared to 3 in both FY2007 and
FY2006. Reports of non-ABO hemolytic transfusion reactions also increased from 2 in FY2007
to 7 in FY2008 (Figure 1 and Table 3). Despite the FY2008 increase in the number of reported
fatalities due to hemolytic transfusion reactions, we have seen an overall decrease in this number
since FY2001 (Figure 3). :

Table 3: Hemolytic Transfusion Reactions by Implicated Antibody, FY2005 through FY2008

FY05 | FY0O5 | FYO6 | FY06 | FYO7 | FY07 | FY08 | FY08 | Total | Total
Antibody No. % No. % | No. % No. % No. '
ABO 6] 27% 3 25% 3 60% 10 59% 22 39%
Multiple S :
Antibodies* 6! 27% 4 33% 1 20% 1 6% 12 21%
JK° 3| 14% 0 0% 0 0% 21 12% 5 9%
Other** 3| 14% 0 0% 0 0% 0 0% 3 5%
Kell 1 5% 1 8% 0 0% 2 12% 4 7%
Ji® 1 5% 1 8% 1 20% 0 0% 3 5%
Fy* 0 0% 1 8% 0 0% 2 12% 3. 5%
Fy® 0 0% 1 8% 0 0% 0 0% 1 2%
E 1 5% 0 0% 0 0% 0 0% 1 2%
I 1 5% 0 0% 0 0% 0 0% 1 2%
Js? 0| 0% 1 8% 0 0% | 01 - 0% 1 2%
Totals 22 | 100% | 12| 100% 5| 100% 17|  100% 56| 100%
*FY2005 antibody combinations included E+c, Fy*K, Fy*+Jk’, E+I+A,possible C+E+K; Wr*+warm
autoantibody.

*FY2006 antibody combinations included E+c, S+K, Jk"+cold agglutinin, unidentifi ed auto- and alloantibodies.
*FY2007: anti-M+C
*FY2008: anti-C+K+FyP+S+N+V+Js*+Go* warm autoantibody. -

**FY2005: Includes one report of non-immune hemolysis, one report of an unidentified antibody to a low incidence

antigen, and one report of Cold Agglutinin Syndrome due to Mycoplasma pnewmonia or Lymphoma.

e
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Figure 3: Hemolytic Transfusion Reactions, FY2001 through FY2008
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In FY2008 there were ten reports of fatal hemolytic transfusion reactions due to ABO-
incompatible blood transfusions:

5 cases: recipient identification error at the time of transfusion

1 case: blood bank clerical error (incorrect sample used for testing)

3-cases: sample collected from incorrect patient'?

1 case: transfusion of high-titer anti-B in group O Apheresis Platelets followmg group B
bone marrow {ransplant

2 Maclvor D, Triulzi DJ. Enhanced detection of blood bank sample‘collection errors with a centralized patient
database. Transfusion 2009;49:40-43.' '
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D. Microbial Infection

In FY2008, there were 7 reported fatalities attributed to microbial infection compared with
reports of 6 in FY2007, 7 in FY2006, and 8 in FY2005. Two different bacteria were implicated

in two fatalities, and five other fatalities resulted from Babesia transmission following Red Blood
Cell transfusions from donors who subsequently tested positive for Babesia. The babesiosis cases
accounted for 71% (5/7) of the microbial infections associated with transfusion fatalities in

FY2008, as compared to 50% (3/6) in FY2007, 29% (2/7) in FY2006, and none reported in
FY2005. Babesia accounted for 36% (10/28) of reported cases over the last four fiscal years,

followed by Staphylococcus aureus, which accounted for 18% (5/28) (Table 4).

After seven years with no reported deaths due to transfusion-transmitted Babesiosis, CBER

Page 8ofll

received reports of 10 transfusion-transmitted Babesiosis deaths during the four-year reporting
period. For additional information, see the CBER article published in January 2009 describing

fatal Babesiosis cases received by CBER from 1997-2007."

There was one strict anaerobe, Eubacterium limosum, implicated in a fatal bacterial infection

during the 4-year reporting period; this fatahty occurred in FY2005. The remaining bacteria are

facultative anaerobes.

Since FY2006, the number of reports of fatal microbial infections associated with apheresis

platelets has remained unchanged (Figure 4). This finding is consistent with an overall decrease
in the number of bacterial infections associated With-ap'heresis platelets since FY2001 (Figure 5).

Table 4: Microbial Infection by Implicated Organism, FY2005 thro‘u_gb FY2008

Organism FYos | Fyos | Fyos { Fyes FYo7 | FYo7 | Fyos FY08 Total Total
No. | % No. % No. % No. % No. %
Babesia* 0] -.0% 24 29% ‘31 s0% |~ 5* 63% 10 I 36%
Staphylococcus aureus 3 37% 0 0% 1 17% 1 13% 5 18%
Escherichia coli 0 0% 3| 43% 0 0% 0 0% 3] 1%
Serralia marcescens 2 24% 0 0% 0l 0% 0 0% 2 7%
Staphylococcus epidermidis 1 13% 0 0% 0 0% 1 13% 2 %
Staphylococcus fugdunensis 1 13% 0 0% 0 0% 0 0% 1 4%
Eubaclerium imosum 1 13% 0 0% 0 0% 0] 0% 1 4%
Morganelta morganii 0 0% 1 14% 0 0% 0 0% 1] 4%
Yersinia enterocolitica 1] 0% 11 . 14% 0 0% 0 0% 1 4%
"Group C Streplococcus 0 0% 0 0% 1 17% 0 0% 1 4%
Klebsiella oxytoca 0 0% 0 0% ] 17% 0 0% 1 4% |
Total 8 | 100% 71 100% 6] 100% 71 100% 28 | 100%

*Four Babesia microti and one probable Babesia MO-1 species

¥ Gubernot DM, Lucey CT, Lee KC et al. Babesia Infection through Blood Transfusions: Reports Received by the

US Food and Drug Administration, 1997-2007. Clin Infect Dis 2009;48:000-000, electronically published, 26

November 2008.
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Figure 4: Microbial Infection by Implicated Blood Product, FY2005 through FY2008
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Red Blood Cells microorganisms: S, marcescens (1), E. coli (1), Y. enterocolitica (1), B. microti (9), B. MOI(1)
Pooled Platelets microorganisms: S. aureus (1), E. coli (1), Streptococcus dysgalactiae (1)

Platelets Pheresis microorganisms: S. aureus (4), S. marcescens (1), S. lugdunensis (1), S. epidermidis (2),

E. limosum (1), E. coli (1), M. morganii (1), K. oxytoca (1)

Figure 5: Bacterial Infection by Apheresis Platelets, FY2001 through FY2008
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7
_ 6
25
54
3
2
1
0 : ,
FYO1 FY02 FY03 FY04 FY05 FY08 FY07 FY08
Fiscal Year

E. Transfusion Not Ruled Out as Cauée of Fatality

In these reported fatalities, the reporting facilities were unable to identify a specific complication
of transfusion as the cause of death. Often, these patients had multiple co-morbidities, and after
review of the investigation documentation, our medical reviewers could neither confirm nor rule
out the transfusion as the cause of the fatality (Table 5). We did not include these reported
fatalities in the analysis in Sections II. A through I1.D (transfusion-related fatalities), above.

g5
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Combining the transfusion related fatalities with those that our medical officers could nof rule
out, there was a decrease in total reported fatalities from 63 in FY2007 to 55 in FY2008.

E. Not Tr‘ansfusion. Related

After reviewing the initial fatality reports and the investigation documentation, we categorized a
number of reported fatalities as “Not Transfusion Related.” Our medical reviewers concluded
that, while there was a temporal relationship between transfusion and subsequent death of the
recipient, there was no evidence to support a causal relationship (Table 5). Thus, we did not
include these reported fatalities in the analysis in Sections IL.A through IL.D (transfusion-related
fatalities), above.

Table S: Fatalities Not Related to Transfusion or Transfusion Not Ruled Qut, FY2005 through FY2008

FYQ5 FYQ6 FYQ7 FYo0s -
Not Transfusion Related 21 8 13 18 7
Not Ruled Out 14 10 11 8
Totals | ' 35 18 24 26

G. Post-Donation Fatalities

There was a small decrease in FY2008 in the number of reported fatalities following Source
Plasma donation, and one fatality following donation of Apheresis Red. Bloed Cells (Table 6). In
all of these cases, our medical reviewers concluded that, while there was a-temporal link between
the donations and the fatalities, there was.no evidence to support 2 causal relatlonshlp between
the donations and subsequent death of the donors.

In Y2008, we received reports-of two fatalities followiné Whole Blood denation collected by
manual methods. In both cases, our medical reviewers found no evidence to supporta causal
- relationship between the donation and subsequent death of the donor.

R

TaBle 6: Post-Donation Fatality Reports by Donated Product, FY2005 through FY2008

Donated Product FYO0S5 FYO06 FY07 | FY08
Source Plasma 2 10 13 7
Whole Blood | 6 4* 2** 2
-1 Apheresis Platelets Q 0 2 0
Apheresis Red Blood Cells 0 0 0 1
Total 8 14 17 10

*Includes 2 autologous donations
**Autologous donations

.86
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Figure 6; Post-Donation Fatality Reports, FY2005 through FY2008
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Source Plasma Whole Blood Apheresis Platelets Blood Calls
@ FY2005 2 5 0 0
= FY2006* 10 4 0 0
o FY 2007 13 2 2 0
0 FY2008 7 2 0 !
Blood Product

*Includes 2 autologous Whole Blood donations
**3oth Whole Blood donations in FY07 were autologous
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JIE — World animal health situation — No. of reported cases of B... http://oie.int/eng/info/en_esbmonde.ht

undefined JRC2009T-020

% Number of cases in the United Kingdom
= Number of reported cases worldwide (excluding the United Kingdom) = Cases in imported animais only
a# Annual incidence rate

Number of reported cases of bovine spongiform encephalopathy {BSE)
in farmed cattle worldwide*{exciuding the United Kingdom)

Country/Year 1989 1930 1991 1592 1993 1934 1995 1996 1957 1998 998 2000 2001 2002 2003 2004 2005 2006 2007 2008

Austria o o o 6 ©6 0 6 0 0 0 0 © 1 ©0 0O © 2 2 1.0
Belgium o 0 o o o0 ©o 0 0 1 6 3 9 46 38 15 1 2 2 o0 0O
Canada O o 0 0 i O © 0 0 O O O O O 2@ 1 1 5 3 4

Czech Republic o 0 0 0 0 0 0 0 0 0 0 O 2 2 4 7 8 3 2 0
Denmark o 0 o0 1K ¢ O 0 0 0 © o 1 6 3 2 1 1.0 Q0 0O
Finland © o0 0 0 0 o 0 0 0 O6 © 0 1 O 0 0 0 0 0 ©
France 0 0 5 0 1 4 3 12 6 18 3i(a) 161(D 274(e) 29 137(x) 54 3 B 9 8
Germany " 0 0 o0 i®» 0 3» O 0 2 0 0 7 125 16 54 6 32 16 4 2
Greece ' © 0 a © 0 0 o 0o 0 © 0 6 1 0 0 0 0 0 0 0 ¥ }
treland - 15(0) 14(2) 17(2) 18(2) 16 19(a) 16(2) 73 80 83 91 149(c) 246(e) 333(f) 183(g) 126(h) 690) 41Q) 250 2300
Israel 0 0o o 0 o 0o 0 0 6 0 6 -0 ©O 1 ©0 ©0 0 O 0 O

leaty © o0 0 0 0 2 © 0 0 O O 0 48 3@ 20 7 8 7 2 1

Japan 6o ¢ 0 0 @ 0 0 0 0 0 0 0 3 2 4 5 7 10 3 1
Liechtenstein ©® 0 0 0 o0 O 0 ©0 ©0 290 0 ©0 O0 ©0O 0 ©0 0 0 O
Luxembourg © o 0 6 0o 0o 0o o 1 6 o o ©O0 1 © ©0 1 0 0 O
Nethedands - . © ©0 O 0 0 © 0 0 2 2 2 2 20 24 1@ 6 3 2 2 1
Poland o.0 0 0 0o O © 0 0 O 0O ©O © 4 5 11 19 0. 8 5 .
Portugal 0 () 1 ) A 12 15 3 0 127 150 149() 110 86 133 S2(a) 46 3B 14 18
Slovakia © 0 o0 0.0 0 6 0 0 0 0 0 5 & 2 7 3 0 1.00
Slovenia o 0 0.0 0 0 0 o0 6 0o 0 6 1 t 1 2@ 1 1 1 0
Spain "0 0 0 O 0 0 0 6 0 0 ©0 2 & 127 167 137 % 6 36 25
Sweden ©o © 0 0 0 O O 0 O ©O ©0 ©0 ©0 o ©0 0 0 1 0 o) v’)
Switzerland 0 2 8 15 29 64 68 45 3B 14 50 (D) 4 24 2g 3 3 5 0 0 7
Urited Kingdom o see particular mble '

i};ﬂai_m o 0o o © 0 0o © 0 0 O 0 o O O O 0 1 1 0 0

* Cases are shown by year of confirmation.
.. Not available

(a) Canada: 1 case dlagnesed in Canada in May 2003 + 1 case diagnosed in the United States of America i in
December 2003 and. confirmed as having been imported from Canada.
Finland: date of confirmation of the case: 7 December 2001,
France: includes 1 imported case (confirmed on 13 August 1399),
Ireland: includes imported cases: 5 in 1989, 1 in 1990, 2in 1991 and 1992, 1 in 1994 and 1995,
Httaly: includes 2 imported cases.
Liechtenstein : date of the last confirmation of a case: 30 September 1998
Portugal: includes 1 imported case. -
Slovenia: includes 1 imported case. C _ ’ N

"{b) Imported case(s). . _
(c) Ireland - Data as of 31 March 2009..Cases detected by the active surVeiI[ance programme- 4;: A




OIE — World animal health situation — No. 6f reported cases of B...

Lux;embourg - Data as of 28 February 2009.

(d) France year 2000 - Clinical cases = 101. Cases detected within the framework of the research

programme launched on 8 June 2000 = 60,

Ireland year 2000 - Clinical cases = 138, Cases identified by acfive surveillance of at risk cattie

http://oie.int/eng/info/en_esbmonde.ir

populations = 7, Cases identified by examination of depopulated BSE positive herds, birth cohorts and

progeny animals = 4,

Switzerland year 2000 - Clinical cases = 17. Cases detected within the framework of the investigation

programme = 16.

(e} France year 2001 - Clinical cases = 91. Cases detected at rendering (bovines at risk) = 100 (6ut of

139,500 bovines tested). Cases detected as result of routine screening at the abattoir = 83 (out of

2,373,000 bovines tested).

lreland year 2001 - Clinical cases = 123. Cases idenfified by systematic active surveillance of all aduit

bovines = 119, Cases identified by examination of depopulated BSE positive herds, birth cohorts and

progeny animals = 4,

Japan year 2001 - Clinical cases = 1. Cases detected as result of sereening at the abatioir = 2.
() France year 2002 - Clinical cases = 41. Cases detected at rendering {bovines at risk) = 124 (out of

274,143 bovines tested). Cases detected as result of systematic screening at the abattoir = 74 {out of
2,915,103 bovines tested). The active BSE surveillance programmes implemented in France in 2002 led to
routine examination of cattle aged over 24 months, which were slaughtered for consumpfion purposes,

were euthanised or died due to other reasons.

Ireland year 2002 - Clinical cases = 108. Cases detected by the active surveillance programme = 221.
Cases identified by examination of depopulated BSE positive herds, birth cohorts and progeny animals = 4.
Poland year 2002 - Clinical cases = 1. Cases detected as result of routine screening at the abattoir (catfle

over 30 months) = 3.

(g} France year 2003 - Clinical cases = 13. Cases detected.at rendering (bovines at risk) = 87. Cases

detected as result of systematic screening at the abattoir = 37,
Japan year 2003 - The 9th case was a bullock aged 21 months,

* lreland year 2003 - Clinical cases = 41. Cases detected by the active surveillance programme = 140,

Switzerland year 20603 - Clinical cases; 8. Cases detected within the framework of the official surveillance
pragramme: 11. Cases detected through voluntary testing following routine slaughter: 2.

(M) France year 2004 - Clinical cases = 8: Cases detected at rendering (bovines at risk) = 29. Cases

detected as result of systemnatic screening at the abattoir = 17.

Irefand year 2004 - Clinical cases = 31. Cases detected by the active surveiliance programine = 94

Cases identified by examination of depopulated BSE positive herds, birth cohorts and progeny animals = 1.

() Ireland year 2005 - Cases detected by the passive surveillance programme = 13. Cases detected by the

active surveillance programme = 56.

Switzerland year 2005 - Cases detected by the passive surveillance programme = 1. Cases detected
within the framework of the official surveillance programme: 1. Cases detected through voluntary testing

following routine slaughter = 1.

@) fretand year 2006 - Cases detected by the passive surveillance programme = 5. Cases detected by the

active surveillance programme = 36.

(K) Ireland year 2007 - Cases detected by the passive strveillance programme = 5. Cases detected by the

active surveillance programme = 20,

() Ireland year 2008- Cases detected by the passive surveillance programme = 3. Cases détected_ by the

active surveillance programme = 20.
Slovakia - Data as of 30 June 2008,
Sweden - Data as of 30 June 2008.
ftopl
Last update : 07-Avr-2009 (fr} -
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JIE — World animal health situation — Number of cases of BSE re... - fittp:/ /ole.nt/ eng/1nfo/ en_esbru.htr

JRC2009T-019
undefined-

= Number of cases in the United Kingdom = Number of reported cases worldwide {(excluding the United
Kingdom} = Cases in imported animals only = Annual incidence rate

Number of cases of bovine spongiform encephalopathy (BSE)
reported in the United Kingdom &L

Alderney Great Britain Guemsey!&l Isle (O;)Marl Jersey Northern freland Uﬁi{e;ir?(tiar:gdom
1987 and beforelt) 0 442 4 0 0 0 446
19884 0 2 459 34 6 1 4 2514
1589 0 7137 52 6 4 29 7228
1990 0 14 181 & 22 8 113 14 407
1991 0 25032 75 67 15 170 25359
1992 0 36 682 » 109 23 374 37 280
1993 0 34370 115 111 35 459 35090
1994 2 23945 69 55 2 345 ' 24 438
1995 0 14302 44 33 10 173 14562
1996 0 8016 36 11 12 74 ' 8149
1997 0 4312 44 9 5 23 4393
1998 0 3179 25 5 8 18 3235
1999 0 2274 11 3 6 7 " 2301
2000 ) 1355 13 0 0 75 . 1443
2001 0 1.113 2 0 0 87 1,202
2002 0 1,044 1 0 - . 98 1144
2003 o 549 0 0 0 62 611
2004 0 309 0 0 0 34 343
2005 ‘o 203 0 0 o 2 25
2006 0- © 104 o ) 0 10 114
2007 ] 53 0 0 0 14 ’ &7
2008 0 33 0 0 0 . 4 . 37

"t
w

{1) Cases are shown by year of restriction.

(2} In the isle of Man BSE is confirmed on the basis of a laboratory examination of tissues for the first case on a farm’
and thereafter by clinical signs only. However, all cases in animals born after the introduction of the feed ban have
been subjected to histopathological/scrapis-associated fibrils analysis. To date, a total of 277 animals have been
confirmed on clinical grounds only.

{3} In Guernsey BSE is generally confirmed on the basis of clinical signs only. To date, a total of 600 animals have
been confirmed W1th0ut laboratory exarmination.

(4) Cases prior to BSE being made notifiable are shown by year of report, apart from cases in Great Britain which are
shown by year of dlinical anset of disease. .

{top]
Last update :22-Jan-2009 (fr)

Copyright @ 2009 OIE - World Organisation for Animal Health, 12 rue de Prony 75017 Paris (France)
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JRC2009T-012

’[‘RAN‘S:FUSI[IN COMPLICATIONS

Lack of evidence of transfusion transmission of Creutzfeldt-Jakob
disease in a US surveillance study

Kerri Dorsey, Shimian Zou, Lawrence B. Schonberger, Marian Sullivan, Debra Kessler,
Edward Notari IV, Chyang T. Fang, and Roger Y. Dodd

BACKGRQUND: Since 2004, several reported transfu-
sion transmissions of variant Creutzfeldt-Jakob disease
(vCJD} in the United Kingdorn have reawakened con-
cerns about the possible risk of similar fransmissions of
nonvariant or classic forms of CJD.

STUDY DESIGN AND METHODS: Patients with a CJD

A diagnosis and a history of donating blood were reported -

to the study coordinator. Through review of blood distri-
bution and hospital records, the recipients of blood
combonents from these donors were identified. We then
determined each recipient's vital status and, if
deceased, the cause(s) of death identified by maltching
the recipient’s personal identifiers with the Centers for
Disease Contro! and Prevention’s National Death Index
database. We conducted such searches after recipients
were enrolled in this study and annually thereafter for
those who remained afive. ‘ '
RESULTS: The study included a total of 36 blood
donors who subsequently developed CJD and 436
recipients. Through 2006, 91 of these récipients were
still alive, 329 were.deceased, and 16 were lost to
follow-up. After transfusion, thesé three-groups had sur-
vived a total of 2096.0 person-years. A total of 144
recipients survived 5 years or longer after transfusion
and 68 of them had received blood donated 60 or fewer
" months before thé onset of CJD in the donor. We iden-
tified no recipient with CJD.
CONCLUSIONS: The current results of this large,
ongoing lookback study show no evidence of transfu-

that the risk, if any, of transfusion transmission of prion
disease by CJD donors is significantly lower than the
comparable risk of such transmission by vCJD donors.

sien transmission of CJD. They reinforce the conclusion .

ariant Creurzfeldt-Jakob disease (vCJI) and
the nonvariant or classic forms of Creutzfeldt-
Jakob disease (CID} of humans belong to a
group of transmissible, fatal degenerative
neurclogic diseases called transmissible spongiform

encephalopathies (TSEs). These diseases are also called #* '3

"-..:f

prion diseases because of the formation and accumula-
tion of an abnormal form of the prion protein (PrP*) that
is hypothesized to play a central etiologic role in the
disease process.! TSEs affect both humans and ardimals
{e.g., bovine spongiform encephalopathy [commonly
known as mad cow disease] in caitle; scrapie in sheep and
goats; and chronic wasting disease in deer, elk, and
moaose).

Prion diseases in humans have been reported to
occur sporadlcally without an apparent environmental
source, through an inherited genetic mutation, or iatro-

_genically. Cases of familial CJD have occurred due to a

mutated prion protein gene (PRNP) located on chromo-
some 20. More than 30 different mutations of the PRNP

ABBREVIATIONS: Nt)I = National Death Index: TMER = Trans-

fusion Medicine Epidemiological Review; TSE(s) = transmissible -}

spongiform encephalopathy(-ies); vCJD = variant Creutzfeldt-
Jakob disease.
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have been linked to familial human prion diseases. The
most common familial CJD haplotypes are E200K-129M
and D178N-129V* Cases of iatrogenic CJD have been
associated with exposures to contaminated neurosurgical
equipment, human-derived pituitary growth hormone
injections, cadaver-derived dura mater grafts, and corneal
grafts®

Surveillance of CJD in the United States has shown
approximately one case annually per million people in the
general populaton. Over many years, these rates have
remained reasonably stable and the median age at death
has consistently been approximately 68 years.*

Since the late 1980s, efforts have been made to mini-
mize the potential risk of transfusion transmission of CJD,
and in the 1990s the Food-and Drug Administration (FDA)
convened a TSE advisory cominittee, consisting of public
interest advocates, . ethicists, caregivers, and technical
experts. Further, the FDA has issued a number of guid-
ances for industry. These guidances atiempt fo balance
the benefits of reducing the uncertain risks of prion
disease transmission by blood products and the potential
adverse imnpact that such preventive policies might have
on product availability®

Since 2004, transfusion twansmission of the vCID
agent has been well documented. To date, the investiga-
tors conducting the UK Transfusion Medicine Epide-
miological Review (TMER) study have linked three
symptematic cases of vCJD and one asymlbtomatic vCJD
infection to receipt of blood transfusions from donors
who subsequently developed vC]D (vCjD ‘donor).’® One
blood donor was linked to two of the vCJD transmissions
through donations, 21 and 17 months befere the donors’
onset of vCjD. These data suggest that orice vCJID infectiv-
ity appears in blood it-probably persists there. In addition
to increasing concerns about the transmissibility of vCJD,
these transfusion transmissions reawakened concerns
and interest in blood safety and CJD, Both vCJD and CJD
are invariably fatal and are cansed by similar unconven-
tional agents that are unusually resistant to inactivation.
Incubation periods for vCJD and iatrogenic CJD are mea-
sured in years; there is no practical, licensed screening test
to identify those who may be incubating these diseases.
Because CJD is far more common than vC]D, CID might
‘potentially affect even more recipients if, in fact, CJD were
transmitted by blood transfusion.’™"?

Surveillance and epidemiologic studies have provided
. the most reassuring data about blood safety and CID,
although very little long-term lookback data on donations
from CJ3 donors have been reported 23 Surveillance of
high-exposure recipients, such as persons with hemo-
philia, and case-control studies show no evidence for
transfusion transmission of CJD in humans.**"? In con-
trast, animal models have demonstrated that prion dis-
eases can be transmittéd by blood, a finding that
aggravates concern about blood safety and CJD."'* For

'978 ' TRANSFUSION Volume 49, May 2009
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example, studies comparing the infectivity in murine
models of vC[D and Gerstmann-Straussler-Scheinker
disease, a genetically inherited, classic (not bovine spongi-
form encephalopathy related) form of prion disease,
revealed similarly low levels of infectivity in blood compo-
nents during both the preclinical and the clinical phases of
disease.”

Inlate 1994, a report of CJD in an American Red Cross
10-gallon donor heightened public health concerns in the
United States about the possible transfusion transmission
risk of CID. Because of these concerns, in 1995 the Red
Cross in collaboration with the Centers for Disease
Control and Prevention (CDC)} initiated a long-term look-
back investigation of blood donors who were later
diagnosed with CJD (CID donors). The purpose of this
collaborative study was to provide further epidemiologic
data to assess the recurring concerns about the possibility
of CJD transmission by blood transfusion. This article
reports on the follow-up of the recipients of blood prod-
ucts from reported CID donors. This study is the largest of
its kind reported to date in terms of the number of such
recipients identified and the period of time that they were
documented to have survived after transfusion, a

MATERIALS AND METHODS

CJD patients with a hiétory of blood donation

The study coordinator identified CJD blood donors from
reports provided by collaborating blood centers, family
members, the CDC, and the FDA. Through searches of
blood establishment records on donations made by the
C]D donor and with the cooperation of hospitals, we iden-
tified recipients of the CJD donors’ blood components.
Criteria for inclusion of a CJD donor in the smdy
included a diagnosis of CJD made by a neurologist (and
preferably confirmed by neuropathologic study of brain
tissue at autopsy or biopsy) and a history of at least one
documented ailogenelc blood donation. (Autologous and
therapeutic donations were not included.) We collected
results of available diagnostic laboratory tests, cerebrospi-
nal fluid studies, and electroencephalograms on the
reported CJD donors, We notified the blood centers about
the CID donors and requested that each center review its
records for each of the CJD donor’s donations to identify
the recipients of each donor’s labile blood components. A
CID donor was éntered in the study when at least one of.

these recipients was identified and could be documented

to have survived for atleast 1 day after receiving the blood
components. - '

Recipients of blood products from donors who
developed CJD . ) '
We requested that the transfusion service personnel sénd
us information on each recipient of blood from a"CJD



donor. This information included the recipient’s name
and social security number; data on the transfusion of
concern, including date of transfusion and the volume
and type of components transfused; and data on the last
known vital status of the patient, including the date and
cause of death if a recipient was deceased. The institu-
tional review boards of the CDC and the Red Cross
approved this protocol. No study-related recipient notifi-
cation was required by the institutional review boards
because of the absence of 1) compelling evidence of
rransfusion transmission of CJD in humans, 2) any prac-
tical licensed test for preclinical CJD, and 3) any estab-
lished treatment to prevent or cure CJD.

Follow-up of the recipients

For recipients for whom we had identifiers, we deter-
rmined each recipient’s vital status and cause(s) of death, if
deceased, through searching the CDC’s National Death
Index (NDI) database {National Center for Health Statis-
tics, Hyattsville, MD) We conducted such searches after a
recipient was entered in this study and annually thereafter
for those who remained alive. Whenever a match between
the recipient’s personal identifiers and the NDI database
occurred, the NDI provided us with the date and codes for
‘the cause(s) of death, The NDI database contains up to 20
codes describing the multiple causes of death. All codes
describing the cause of death (underlying and additional
contributing causes) were reviewed andrecorded. When-a
code for a neurologic death was identified, the death cer-
tificate itself was obtained for review primarily to verify

‘that CID or some other mention of a prion disease wasnot = -

listed on the certificate and possibly miscoded. In-addi-
tion to enabling this verification, the death ce mﬁcate may
provide information on the durauon of the illness-and
whether an autopsy was performed. 'Codes that triggered a
* request of the death: certificate for a further review are
listed in Table.1. The information received from NDI has
an 18- to 24-month lag (e.g., the 2006 death index data first

became available in 2008) because the vital statistics -

information is first compiled and coded by the states in
which the death occurs, after which it is sent to NDi.

- Inaddition to cross-matching recipient data with the
NDI database, we annually queried AutotrackXP (Choice-
point, Inc., Boca Raton, FL) databases. AtitotrackXP isa
database that provides personal data sourced from mul-

tiple public and private databases. They enabled us to
confirm the last known state of residence and the survival
status of the recipients (e.g., a report of recent activity
wotld indicate that the recipient was alive). For new
recipients, we also used the Choicepoint databases to
verify the recipients’ names and social security nurnbers.
Loss to follow-up occurred when a hospital did not

prcmde us with identifying information for the tecipient, -
but did provide us with the most recent health and vital
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status available (e.g., patient was alive and healthy at last
visit, date of visit).

Statistical analysis

We analyzed the data in terms of the number of recipients
of CJD donor blood components multiplied by each
recipient’s period in vears of survival after the date of
transfusion. Because the date of each donation was not
collected, we used the transfusion date as a surrogate for it
when determining the interval from the donation to onset
of C1D in the donor: In the few situations where only the
month and year were provided, the date was set as the
15th of the month and if only the year was provided
the month and day was set to the middle of the year (July
1). Thus, this interval in manths was calculated by deter-
mining the number of days between the date of onset of

the CJD in the donor minus the date of transfusion in the
recipient, dividing by 365 and multiplying by 12. This "~

information, in turn, was categorized ilifo seven groups:
less than or equal to 12, 13 to 24, 25 to 36, 37 to 48, 49 1060,
61 to 72, and 73 months and greater. '

For recipients, their survival time was calculated by
the interval between the date 'of transfusion and the last
known date the recipient was alive or, if the recipient was
known 1o be déceased, the interval between the date of
transfusion and the date of death. Person-years were also
determined for selected groups of recipients with different
lengths of posttransfusion survival, such as recipients who

thad survived 5 or more years after transfusion (“long-term

survivors”).
We used Fusher s exact test to assess the differenice in

' yiskeof biood transfusion transrnission of CJD and vCjD

ameng recipients who survived 5 years or longer after
ransfusion and received blood from a donor whose last
donation.occurred within 60.months of the onset of symp-
toms (donation-to-onset interval). The data on CJD were ;-

derived from the present study and the data on vCID from

the UK TMER study.” In the UK study, the three idetitified
clinical cases of vCJD occurred among 21 recipients
known to have survived 5 years or longer and whose
donors had an onset-to-donation interval of 60 months or
less (R.G. Will, personal communication, 2008).

RESULTS

Study donors

Forty-three blood donors who were subsequently diag-
nosed with CJD were reported for possible inclusion in
this study. Of these 43, 7 were not included due to lack of
response from the blood centers, absence of donations en
file, or incomplete recipient records. »

The CJD iiiness of all 36 identified study donors was
chagnosed by a neurologist, and 58 percent (21/355) of -

: _Vo!umev , Maﬁ"zoog-;mmssusiqn 8797
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TABLE 1. Frequency for the top five ICD-8 and ICD-10 codes for the multiple causes of death and for codes that
generated futrther investigation

Code Grouping or frequency Number

1CD-8 morbidity/mortality codes for deaths between 1978 and 1998

ICD-9 Five most frequeni grouping of codes (tofaf diagnosis codes 696 from 252 decedents')
420.0-429.9 Other forms of heart disease 67
410.0-414.9 Ischemic heart disease 58
200.0-208.9 Malignant neoplasms of lymphatic and hematopcietic fissue 45
570.0-579.9 Other diseases of digestive system 37
280.0-289.9 Diseases of blood and blood-forming organs 34

Frequency.of codes that generated further mvesngaﬁorrt .

046.1 CJD : 0
3109 Specific nonpsychotic menta! disorders following organic brain damage, unspecified 1
331.9 Cther cerebral degenerations, unspecified 0
341.9 Other demyelinating diseases of central nervous system, unspecxf:ed 4]
348.8 Other conditions of brain 0

ICD-10 morbidity/mortality codes for deaths for 1999 through present

ICD-10 Five maost frequent grouping of codes (fotal diagnosis codes 182 from 77 decedents*)
130.0-151.9 Other forms of heart disease {e.g., cardiac amest, congestive heart iallure, endocarditis) 21
120.0-125.9 {schemic heart disease 18
N17.6-N19.2 Renal failure 15,
160.0-169.9 " Cerebrovasular disease i2
110.0-113.9 Hypertensive disease 8

Frequency of codes that generated further investigationt
A81.0 CJD 0
Agl.2 Progressive muitifocal leukoencephalopathy 0
ABl.9 Atypical virus infection of central nervous system, unspecified o
B894.8 Sequelae of other specified infectious and parasitic diseases 0
E85.2 Heredofamilial amyloidosis, unspecified : 0
Fo3 Unspecified dementia 3
G20 " Parkinson's disease 1
G30.0 . Alzheimer's disease with early onset 0
G30.92 Alzheimer's disease, unspecified 1,
G31.8 Other specified degenerative diseases of nervous system 0
G47.0 Disorders of initiating and maintaining sleep 0
G20 Disorders of the autonomic nervous system 0
G93.3 Postviral fatigue syndrome 0
&G93.4 Encephalopathy, unspecified - 0
G93.9 " Disarder of brain, unspecified 0.
G96.9 Disorder of central nervous system, unspecified 0
Gos . Cther disorders of nervous system, not elsewhere classified 0
- R99 ' Other il--defined and unspecnf'ed causes of mortality 0
* Mean number of mulliple cause of death codes Hsted per decedent is 3 for both ICD-9 and (CD-10.
1 Mean age at death for those decedents that triggered further investigation was 79.5 years (range, 64- 101 yaars)

these diagnoses were autopsy andfor biopsy confirmed by
examination of brain tissue. Of these 36 CJD donors, 34
{94%) were identified as sporadic CJD, 1 as familial CJD
(E200K), and 1 as iatrogenic CJD. ’

These 36 donors donated blood in 16 states in the
United States between 1970 and 2006. The mean age of
these donors at onset of their CJD was 60 years (range,
39-74 years). The mean of reported donations made by
the donors was 20 (range, }-76). Not all of the donations
yielded an enrolled recipient. Of the units linked to iden-
tified study recipients, red blood cells (238 units} were the
most conumonly received component, followed by plate-
1ets (75 units), and plasma (49 units) with the remaining
units being other types of components such as whole
blood, cryoprecipitate, and granuiocytes {35 units).The
transfusion service did not report the type of component
received for 41 of the recxplents
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Study recipients and the results of their follow-up

A total of 436 recipients were included in this lockback.
Their median age at transfusion was 66.1 years (range, 4
days to 99 years). They received transfusions in 30 differ-
ent states between 1970 and 2006.

Asofthe end of December 2006, 329 recipients (75.4%)

were deceased, 91 (20.9%) were alive, and 16 (3.7%) were

lost to follow-up. For those who died, the median age at

" death was 70.5 years (range, 8 months-101 years). None

died with a diagnosis of CID. The top five causes of death for
the reported combined underlying cause and multiple
causes of death groupings arelisted in Table 1;1CD-3 codes
were used for deaths occurring before 1999 and ICD-10
codes were used for deaths occurring for 1999 through

present and the complete list can be found in Table 1.°0n '

average, the decedents had three multiple causes of déath
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TABLE 2. Distribution of recipients by vital status and the interval between their transfusion and their donor’s

onset of CJD
interval between recipient's transfusion and
donor’s onset of CJD symptoms {months) Alive Deceased Lost to follow-up Total
=12 17 44 5 66 (15.1%)
13-24 5 32 3 40 (9.2%)
25-36 12 50 1 63 (14.5%)
37-48 - 5 35 0 40 (9.2%)
49-60 - : 8 43 0 51 (11.7%)
61-72 15 26 0 41 (9.4%)
=73 29 - 99 7 135 (30.9%)
Total 91 (21%) 329 (75%) 16 {4%) 436 (100%)
Person-years followed 1189.25 832,25 64.5 2096.00

TABLE 3. Distribution of reclplents by years of posttransfuslon survival and the interval between transfusion
and onset of CJD in donor

" Interval between recipient's transfusion and

Posttransfusion survivai {years)

donor's onset of CJD symptoms (months) =4 5 3] 7 8 9 10 =11 =5, subtatal Total
L2 47 2 0 0 7 1 3 8 19 86
131024 . 31 .0 g -1 1 1 2 4 9 40
2510 36 51 0 2 - 1 0 0 1 8 12 63
37 1o 48 27 0. 2 2 0 1 2 6 13 40
49 to 60 35 1 3 2 0 1 0 8 5 . 51
611072 19 1 3 0 2 2 2 12 22 41
=73 81 3 1 5 4 4 1 36 54 135
Total 292 7 1 1 14 10 i 80 144 436

listed. Codes that triggered further investigation were

310.9, F03, G20, and G30.9 and occurred six times. Review '

of each of the six death certificates verified that none
included any mention of prion diseases. The mean age of
the six decedents was 79.5 years (range, 64-101 vyears;
Table 1). Almost half (49%) of the recipients died within the
first year after transfusion. The 2006 NDI results indicated
that 91 recipients (all but 2 were adults) were still alive at the
end December 31, 2006. Of these 89 adults, AutotrackXP

subsequently provided further evidence that at least 85 -

percent of them were alive.

Recipients in the study were documented to have sur-
- vived for a total of 2096.0 person-years after receipt of a
blood component from a CJD donor {Table 2). The 329
deceased recipients contributed 832.25 of these person-
years and the 91 recipients who were dlive as of December
2006 contributed 1199.25 person-years. The remaining 16
recipients who were lost to follow-up had contributed 64.5
person-years,

A majority (60%) of the 436 recipients in this study
received blood and compenents from CJD donérs that
were donated 60 months.or less before their onset of CID
(Table 2). A total. of 66 recipients received their units

within 12 months or less of the donor’s onset of CID. Of ‘

the 260 recipients who received blood from donors 60

- rnonths or less before their donor's onset of CID, 47 (18%)
~were still alive as of 2006.

Approximately one-third of the recipients survived 5

or more years after transfusion (Table 3). Within this group

987

of long-term survivors, 68 recipients (46.8%) received
blood that had been donated 60 months or less before
onset of CJD in the donor. -

We compared the risk associated with receipt of blood
compenents donated 60 months or less before the onset
of the prion disease in the C]D donors in the United States
and the vCJD donors in the United Kingdom. Whereas in
the United States, no case of CJD was identified among the
68 long-term surviving recipients of the blood compo-
nents donated by the CJD_donors within the 60-month
period before their onset, in the United Kingdom 3 cases
of vCID (14%) were identified among 21 long-term surviv-

- ing recipients of the blood compeonents donated by the

vCJD donors (p = 0.012, Fisher's exact test).

DISCUSSION

This study evaluates the tisk of transfusion transmission ‘

of CJD in US blood recipients and compares the risk to

that reported for vCID in the United Kingdom. Overall, the
U8 recipients survived for a total of 2096.0 person-yeais

after receipt of a blood component from @ CJD donor. No
recipient was found to have been diagnosed with CJD.
These results indicate that for the period studied, the risk,

if any of transfusion transmission of CJD by CJD donors is -

significantly lower than the risk of transfusion transrms-
sion of vCJD by vCID donors.
Although the incubation period for prmn diseases

FAGEN

can be very ‘long, about 30 yea:s or longer as obsgrved‘ E
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when environmental exposures can be reasonably esti-
mated (e.g., Kuru, dural graft-associated CJD, and pitu-
itary hormone-asseciated CJD), it is noteworthy that at
least one case for each of these prion diseases has been
observed within 10 years of an exposure. The present plan
. for evaluating transfusion transmission of CJD is to con-
tinue the current surveillance efforts and to continue to
identify new recipients for at least another 5 years.

There could be a variety of reasons for not seeing a
case of CJD in our recipient population. One of the most
likely reasons is that CJD may not be transmitted by blood
transfusion, unlike its variant counterpart. If the agent
that causes CID were present in human bleod, its concen-
tration might be too low to transmit an infection by the
intravenous route. It is also possible that this study has not
yet included enough donors and recipients to observe an
infection or followed up on the study recipients long
enough for them to have completed their incubation
period.

The observation of zero cases of CJD among recipi-
ents in this study is consistent with the considerable addi-
tional data in the medical literature on the risk of
transfusion transmission of human prion diseases that
has recently been reviewed.® In addition to the UK TMER
study, we are aware of a German lookback investigation of
one blood doner who died of CJD. The donor had 27 defi-
nite recipients and 8 probable recipients (total, 35). None
of the deceased recipients died from dementia or neuro-
logic causes. Of the 14 who were alive at publication, none
exhibited signs o6f dementia; the longest period of
follow-up was 21 years,"

Through 2007, the proportion of vCID cases among
the long-term surviving recipients who received blood
from a vCJD donor 60 months or less before onset of the
donors' illness was 14 percent in the United, Kingdom. In

contrast, the present study identified no case of CJD-

among the 68 long-term surviving recipients of the blood
components donated by the CJD donors within the
60-month period before their onset. In addition, .the
smaller UK study of blood components donated by CJD
doners in the United Kingdom revealed ne transfusion
transmissions of CJD. Thus, the results of the present
study in combination with the results from the TMER
study in the United Kingdom strongly support the conclu-
sion that the risk, if any, associated with receipt of blood
components from CJD donors is significantly lower than
that associated with receipt of blood components from
vCJD donors.

The limitations of this study mclude the fact that 15
(42%) of the CJD donors enrolled in this study did not have
their diagnosis confirmed neuropathologically. The CJD
illness of each of these 15 donors was diagnosed by a neu-
rologist and at least 11 of these donors had an electroen-
. cephalogram characteristic of CJD and/or a positive

~ cerebrospinal fluid test for the neuron-specific enolase or
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14-3-3 proteins. Nevertheless, it is possible that not all the
recipients received blood from a true CJD donor.
Another limitation of this study is that we relied upon
the US multiple cause of death data to identify CJD in
recipients. The sensitivity of such data was assessed by a
CDC study conducted in 1996, shortly after vCJD was first
announced in the United Kingdom. Although this latter
study did not allow for sufficient time for complete filing
of all death records, it nevertheless found that the sensi-
tivity of the death records compared to very active, alter-
native surveillance efforts was 86 percent.! In addition to
this study, Davanipour and colleagues® found the false-
positive rate of the death certificates to be 8.3 percent.
Assessment of risks of blood-borne transmission of
diseases with potentially long latent periods is inherently
limited by the poor survival of transfusion recipients. In
the present study, for example, approximately 26 percent®
of the recipients were alive 10 years afier transfusion.
Although this survival rate is low, it is consistent with
another report of lookback investigations in which only 26
percent of the recipients had survived 10 or more years
posttransfusion. Lookback investigations may be more
inclined to have lower posttransfusion survival mates
because they overrepresent recipients that receive mul-
tiple transfusions.”® This relatively low survival rate
contributes to the limited statistical power of the present
study despite its being the largest study of its kind
reported to date to assess the risk of transfusion transmis-
sion of C]D, Further detection and enrollment of donox/
recipient clusters will continue to increase the power, and,
if recipients remain free of CJD, will continue to provide
the most direct evidence for the absence of CJD transmis-
sion by transfusion. Finally, another limitation encoun-
tered in this and other lookback investigations is the
increasing difficulty in obtaining identifying information
on all recipients. As hospital personnel have become more
concerned about remaining in compliance with the
federal medical privacy rule of the Health Insurance Port-

ability and Accountability Act (HIPAA), our ability to

obtain patient information has been reduced.

In addition to providing public health surveillance
data on CJD and blood transfusions, our study provides
important evidence demonstrating that' compared: to
vCiD donors, CJD donoss pose much less of a rigk, if any,
to blood safety. Precisely why this difference exists,
however, is not fully understood, although clearly CJD and
v(JD are different prion diseases. They are most prevalent
in different age groups, their pathology and etiologic prion
disease agents differ, and they are characterized by a dif-
ferent pattern and duration of clinical signs and symp-
toms.>® As pointed out by the authors of the TMER study, -
the observed increased I}mphdreﬁcular_mvolveme_nt in
vC]D compared to CJD is consistent with an increased
transfusion-transmissibility of vCJD.™* Further resedrch
may shed additional light on the ' pathophysiclogic



mechanisms that account for the greater transfusion
‘transmissibility of vCJD compared to CJD.
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TRANSFUSTON COMPLICATIONS

Lack of evidence of transfusion transmission of Creutzfeldt-Jakob
disease in a US surveillance study

Kerri Dorsey, Shimian Zou, Lawrence B. Schonberger, Marian Sullivan, Debra Kessler,
Edward Notari IV, Chyang T. Fang, and Roger Y. Dodd

BACKGROUND: Since 2004, several reported transfu-
sion transmissions of variant Creutzfeldt-dakob disease
{vCJD} in the. United Kingdom have reawakened con-
cems about the possibie risk of similar transmissions of
nonvariant or classic forms of CJD.

STUDY DESIGN AND METHODS: Patients with a CJD
diagnosis and a history of donating blood were reported
to the study coordinator. Through review of blood distri-
bution and hospital records, the recipients of bloed
components from these donors were identified. We then
determined each recipient's vital status and, if
deceased, the causels) of death identified by maiching
the recipient’s personal identifiers with the Cenlers for
Disease Control and Prevention's National Death Index’

were enrolled in this study and annually thereafter for
those who remained alive.

RESULTS: The study included a total of 36 blood
donors who subsequently developed CJD and 436
recipients.‘ Through 2006, 91 of these recipients were
still alive, 329 were deceased, and 16 were lost to
foliow-up. After transfusion, these three groups had sur-
vived a total of 2096.0 person-years. A total of 144
recipients survived 5 years or longer after transfusion
and 68 of thert had received blood donated 60 or fewsr
menths before the onset of CJD in the donor. We iden~
fified no recipient with CJD.

CONCLUSIONS: The current resulis of this large,
ongoing lookback study show no evidence of transfu-

that the risk, if any, of transfusion transmission of prion
disease by CJD donors is significantly lower than the
comparable risk of such transmission by vCJD donors.

database. We conducted such searches after recipients

“ston transmission of CJD. They reinforce the conclusion .
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ariant Creutzfeldt-Jakob disease (vCJD) and

the nonvariant or classic forms of Creutzfeldt-

Jakob disease (CJD) of humans belong to a

group of transmissible, fatal degenerative -
neurologic diseases called transmissible spongiform
encephalopathies [TSEs). These diseases are also called
prion diseases because of the formation and accumula-
tion of an abnormal form of the prion protein (PrP*) that
Is hypothesized to play a central etiologic role in the
disease process.! TSEs affect both humnans and animals
{e.g., bovine spongiform encephalopathy [commonly
known as mad cow disease] in cattle; scrapie in sheep and
goats; and chronic wasting disease - in deer, elk, and
maoase).

Prion diseases in humans have been reported to
occur sporadically without an apparent envirenmnental
source, through an inherited genetic mutation, or jatro-
genically. Cases of familial CJD have occwrred due to a
mutated prion protein gene (PRNP) located on chromo-
some 20. More than 30 different mutations of the PRNP

ABBREVIATIONS: NIDI = National Death Index; TMER = Trans-
fusion Medicine Epidemiclogical Review; TSE(s) = transmissible
spongiform encephalopathy(-ies); vCJD = variant Creutzieldt-
Jakob disease. ' ’
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have been linked to familial human prion diseases. The

~ most common familial CJD haplotypes are E200K-129M
and D178N-129V? Cases of iatrogenic CJD have been
associated with exposures to contaminated neurosurgical
equipment, human-derived pituitary growth hormone
injections, cadaver-derived dura mater grafts, and corneal
grafts.®

Surveillance of CJD in the United States has shown
approximately one case annually per million people in the
general population. Over many years, these rates have
remained reasonably stable and the median age at death

- has consistently been approximately 68 years.*®

Since the late 1980s, efforts have been made to mini-
mize the potential risk of. transfusion transmission of CJD,
and in the 1930s the Food and Drug Administration (FDA)
convened a TSE advisory comrmittee, consisting of public
interest advocates, ethicists, caregivers, and technical
experts. Further, the FDA has issued a number of guid-
ances for industry. These guidances attempt to balance
the benefits of reducing the uncertain risks of prion
disease transmission by blood products and the potential
adverse impact that such preventive policies might have
on product availability.’ .

Since 2004, transfusion transmission of the vCJD
agent has been well documented. To date, the investiga-
tors conducting the UK Transfusion Medicine Epide-
miological Review (TMER) study have linked three
symptomatic cases of vCJD and one asymptomatic vCID
infection to receipt of blood transfusions from donors
who subsequently developed vCJD (vC]D donor).”® One
blood donor was linked to two of the vCfD transmissions
through donations, 21 and 17 months before the donorg’
‘anset of vGID. These data suggest that once vCJD infectiv-

* ity appears in blood it prabably persists there. In addition
to increasing concerns about the transmissibitity of vCID,
these transfusion transmissions reawakened concerns
and interest in blood safety and CJD. Both vCJD and CJD
are invariably fatal and are caused by similar unconven-
tional agents that are unusually resistant to inactivation.
Incubation periods for v(JD and iatrogenic CJD are mea-
sured in years; there is no practical, licensed screening test
ta identify those wha may be incubating these diseases. 1
Because C]JD) is far more commen than vCJD, CJD might
potentially affect even more recipients if, in fact, CjD were
transmitted by blood transfusion.!2

Surveillance and epidemiologic studies have provided
the most reassuring data about blood safety and CJD,
although very little long-term Iookback data on donations
from CJD donors have been reported.®** Surveiilance of

high-exposure recipients, such as persons with hemo-

" philia, and case-contro} .studies show no evidence for

transfusion fransmission of CJD in humans.'¥" In con-

" trast, animal models have demonstrated that prion dis-

eases can be transmitted by blood, a finding that
aggravates concern aboiit blood safety and CJD.'"%" For
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example, studies comparing the infectivity in murine

-models of vCJD and Gerstmann-Straussier-Scheinker

disease, a genetically inherited, classic (not bovine spongi-
form encephalopathy related) form of prion disease,
revealed similarly low levels of infectivity in blood compo-
nents during both the preciinical and the clinical phases of
disease.” _

In late 1994, areport of CJD in an American Red Cross
10-gallon donor heighteried public health concerns in the

.United States about the possible transfusion transmission

risk of CJID. Because of these concerns, in 1995 the Red
Cross in collaboration with the Centers for Disease
Conirol and Prevention (CDC) initiated a long-term look-
back investigation of blood donors who were later
diagnosed with CJD (CJD donors). The purpose of this
collaborative study was to provide further epidemiologic
data to assess the recurring concerns about the possibility
of CJD transmission by blood transfusion. This article
reports on the follow-up of the recipients of blood prod-
ucts from reported CJD donors. This study is the largest of
its kind reported to date in terms of the number of such
recipients identified and the period of time that they were
documented to have survived after transfusion.

MATERIALS AND METHODS

CJD patients with & history of blood donation
The study coordinator identified CJD blood donors from
reports provided by collaborating blood centers, family
members, the CDC, and the FDA. Through searches of
blood establishment records on donations made by the
CID donor and with the cooperation of hospitals, we iden-
tified recipients of the CJD donors’ blood components.
Criteria for inclusion of a CJD donor in the study
included a diagnosis of CJID made by a neurologist {and
preferably confirmed by neuropathologic study of brain
tissue at autepsy or biopsy} and a history of at least one
documented allogeneic blood donation. (Autclogous and
therapeutic donations were not included.) We collected
results of available diagnosticlaboratory tests, cerebrospi-
nal fluid studies, and electroencephalograms on the
reported CJD doners. We notified the blooad centers about
the CJD donors and requested that each center review its
records for each of the CJD donor's donations to identfy '
the recipients of each donor’s labile bleod components. A
CJD donor was entered in the study when at least one of
these recipients was identified and could be documented
to have survived for at least 1 day after receiving the blood
components,

Recipients of blood products from donors who
developed CJD ’

We requested that the transfusion service personnel send
us Information on each recipient of blood from a CJD

Py
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donor. This information included the recipient’s name
and social security number; data on the transfusion of
concern, including date of transfusion and the volume
and type of cornponentis transfused; and data on the last
known vital status of the patient, including the date and
cause of death if a recipient was deceased. The institu-
tional review boards of the CDC and ihe Red Cross
approved this protocol. No study-related recipient notifi-
cation was required by the institutional review boards
because of the absence of 1) compelling evidence of
transfusion transmission of CID in humans, 2} any prac-
tical licensed test for preclinical CJD, and 3) any estab-
lished treatment to prevent or cure CJD.

Follow-up of the recipients

For recipients for whom we had identifiers, we deter-
mined each recipient's vital status and cause(s) of death, if
deceased, through searching the CDC's National Death
Index (NDI) database (National Center for Health Statis-
tics, Hyattsville, MD). We conducted such searches after &
recipient was entered in this study and annually thereafter
far those who remained alive. Whenever a match between
the recipient’s personal identifiers and the NDI database
-oceurred, the NDI provided us with the date and codes for
the cause(s) of death. The NI} database contains up to 20
codes describing the multiple causes of death. All codes
describing the cause of death {underlying and additional
contributing causes) were reviewed and recorded. When, a
code for a neurologic death was identified, the deatli cer-
tificate itself was obtained for review primarily to verify
that CJT or some other mention of a prion disease was not
listed on the certificate and possibly miscoded. In addi-
tion to enabling this verification, the death certificate may
provide information on the duration of the illness and
whether an autopsy was performed. Codes that triggered a
request of the death certificate for a further review are
listed in Table 1. The information received from NDI has
an 18- to 24-month lag (e.g., the 2006 death index data first
became available in 2008) because the vital statistics
information is first compiled and coded by the states in
which the death occurs, after which it is sent to NDL

in addition to cross-matching recipient data with the
NDI database, we annuaily queried AutotrackXP (Choice-
point, Inc., Boca Raton, FL) databases. AutotrackXP is a
database that provides personal data sourced from mul-
tiple public and private databases. They enabled us to
confirm the last known state of residence and the survival
status of the recipients (e.g., a report of recent activity
would indicate that the recipient was alive). For new
recipients, we also used the Choicepoint databases ta
verify the recipients’ names and social security numbers.
Loss to follow-up occurred when a hospital did not

provide us with identifying information for the recipient,”

but did provide us with the most recent health and vital
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status available (e.g., patient was alive and healthy at Jast
visit, date of visit}.

Statistical analysis

We analyzed the data in terms of the number of recipients
of CJD donor blood componenis rultipiied by each
recipient’s period in years of survival after the date of
transfusion. Because the date of each donation was not
coliected, we used the transfusion date as a surrogate for it
when determining the interval from the donation to onset
of CID in the donor. In the few situations where only the
month and year were provided, the date was set as the
15th of the month and if only the year was provided
the month and day was set to the middle of the year {July
1). Thus, this interval in months was calculated by deter-
mining the number of days between the date of onset of
the CID in the donor minus the date of transfusion in the
recipient, dividing by 365 and muliiplying by 12. This
information, in tarn, was categorized into seven groups:
Iess than or equal to 12, 13 to 24, 25 10 36,37 10 48, 49 10 60,
61 to 72, and 73 months and greater.,

For recipients, their survival time was calculated by
the interval between the date of transfusion and the last
known date the recipient was alive or, if the recipient was
known to be deceased, the interval between the date of
wransfusion and the date of death. Person-years were also
determined for selected groups of recipients with different
lengths of posttransfusion survival, such.as recipients who

had survived 5 or more years after transfusion (“long-term

survivors”).

We used Fisher’s exact test to assess the difference in
risk of blood transfusion transmission of CJD and vCJD
among recipients who survived 5 years or longer after
transfusion and received blooed from a donor whose last '
donation oceurred within 60 months of the onsetof symp-
toms {donation-to-onset intexval). The data on CJD were
derived from the present study and the data on ¥CjD from
the UK TMER study.” In the UK study, the three identified
clinical cases of vCJD occurred among 21. recipients
known to have survived § years or longer and whose
donors had an onset-to-denation interval of 60 months or
less (R.G. Will, personal communication, 2008).

RESULTS

Study denors
Forty-three blood donors who were stubsequently diag-
nosed with CJI were reported for possible inclusion in
this study. Of these 43, 7 were not included due to lack of
response from the blood centers, absence of donationson -
file, or incomplete recipient records.
The CJD illness of all 36 identified study donors was’
diagnosed by a neurologist, and 58 percent (21/36) &pf
Volume 4@, May 2008 TRANSFUSION 679
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TABLE 1. Frequency for the top five ICD-9 and ICD-10 codes for the multiple causes of death and for codes that
generated further investigation

Code Grouping or frequency Number

1CD-9 morbidity/mortality codes {or deaths between 1978 and 1398

IcD9 Five most frequent grouping of codss (total diagnosis codes 696 from 252 decedents™)
420.0-429.9 Other forms of heart disease 67
410.0-414.9 Ischemic heart disease 58
200.0-208.9 Malignant neeplasms of lymphatic and hematopoletic tissue 45
570.0-578.9 Other diseases of digestive system 37
280.0-289.9 Diseases of blood and blood-forming organs 34

Frequency of codes that generaled further investigationt

046.1 CJD 0
3108 Specific nonpsychatic mental disorders following organic brain damage, unspecitied 1
3319 QOiher cerebral degenerations, unspecified 0
3419 Other demyelinating diseases of central nervous system, unspecified 4]
348.8 Other conditions of brain 0

{CD-10 morbidity/mortality cotes for deaths for 1989 through present

ICD-10 Five most frequent grouping of codes (total diagnosis codes 182 from 77 decedents*)
130.0-151.9 QOther forms of heoart disease (s.g., cardiac arrest, congestive hear failure, endocarditis) 21
120.0-125.9 Ischemic heart disease 18
N17.0-N19.9 Renal failure 15
160.0-169.9 Cerebrovasular disease 12
110.0-113.9 Hyperensive disease 8

Fraquency of codes that generated further investigaliont

AB1O cJo o
AB1.2 " Progressive multifocat levkoencephalopathy 0
AB1.Y Atypical virus infection of central nervous system, unspecified 1]
Ba4.8 Sequelae of ofher specified infectious and parasilic diseases 0
EB5.2 Heredofamilial amyloidosis, unspecified 0
Fo3 Unspecified dementia 3
G20 . Parkinson's disease 1

- (G300 Alzheimer's disease with early onset o
5309 Alzhelmer's disease, unspecified 1
G318 Other specified degenerative diseases of nervous sysiem o
G47.0 Disorders of initlating and maintaining sleep 0.
G900 Disorders of the autonomic narvous systam o
G93.3 Postviral fatigue syndrome 0
Ga3.4 Encephalopatby, unspecitied 0
(93.9 Disorder of brain, unspecified 0
G96.9 : Disorder of central nervous system, unspecified 0
G98 Other disorders of nervous system, no! elsewhere classified 0
Rog Other ill-defined and unspecified causes of morality i}

* Mean number of multiple cause of death codes ksted per decedent is 3 for both ICD-8 and ICD-10.

t Mean age at death for those decedents that tripgered further investigation was 79.5 years (range, 64-101 years).

these diagnoses were autopsy and/or biopsy confirmed by
examinaton of brain tissue. Of these 36 CJD donors, 34
(94%) were identified as sporadic CJD, 1 as familial CJD
(E200K}, and 1 as iatrogenic CJD. :

- These 36 donors donated blood in 16 states in the
United States between 1970 and 2006. The mean age of
these donors at onset of their CJD was 60 years (range,
39-74 years). The mean of reporied donations made by
the donors was 20 (range, 1-76}. Not all of the donations
vielded an enrolled recipient. Of the units linked to iden-
tified study recipients, red blood cells (238 units) were the
most commonly received component, followed by plate-
lets (75 umnits), and plasma (49 units) with the remaining
units being other types of components such as whole
blood, cryoprecipitate, and granulecytes (35 units). The
transfusion service did not report the type of component
received for 41 of the recipients.
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Study recipients and the results of their follow-up

A total of 436 recipients were included in this lookback.
Their median age at transfusion was 66.1 years (range, 4
days to 99 years). They received transfusions in 30 differ-
ent states between 1970 and 2006.

As of the end of December 2008, 329 recipients {75.4%})
were deceased, 91 (20.9%) were alive, and 16 (3.7%) were
lost to follow-up. For those who died, the median age at
death was 70.5 years (range, 8 months-101 years). None
died with a diagnosis of CID. The top five causes of death for
the reported combined underlying cause and multiple -
causes of death groupings arelisted in Table 1; 1CD-9 codes
were used for deaths occurring before 1999 and ICD-10
codes were used for deaths accurring for 1999 through
present and the complete list can be found in Table 1. On
average, the decedents had three multiple causes of death

@
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TABLE 2. Distribution of recipients by vital status and the interval between their transfusion and their donor’s
: onset of CJD

interval between recipient’s transfusion and

Lost to follow-up ’ Totad

donor's enset of CJD symptems {months) . Alive Deceased

=12 : 17 44 5 66 (15.1%)
1324 5 32 3 40 (9.2%)
25-36 12 50 1 63 (14.5%)
37-48 5 35 0 40 (9.2%)
49-60 8 43 "0 81 (11.7%})
61-72 g 15 26 0 41 (9.4%)
=73 29 99 7 135-(30.9%;)
Total ) 91 (21%) 329 (75%) 16 (4%) 436 (100%)
Person-years followed 1199.25 832.25 84.5 2086.00

TABLE 3. Distribution of recipients by years of postiransfusion survival and the interval between transfusion
. and onset of CJD in donor

Interval between recipient’s transfusion and

Postiransfusion survival (years)

donor's onset of CJD symptoms {monihs) =4 5 6 7 8 9 10 =11 =5, subtotat Total
=12 47 2 1] 0 7 1 3 6 19 85
131024 ’ H Q Q 1 1 1 2 4 g 40
25 to 36 51 i} -2 1 [¢] 1} 1 8 12 63
37 10 48 27 0 2 2 0 1 2 6 13 40
49 to 60 36 1 3 2 [¢] 1 [¢] g 15 51
614072 19 1 3 9] 2 2 2 i2 22 41
=73 81 3 1 5 4 4 1 36 54 135
Total 292 7 1 1" 4 10 11 8o 144 436

listed. Codes that triggereél further investigation were .

310.9, F03, G20, and G30.9 and eccurred six times. Review
of each of the six death certificates verified that none
included any mention of prion diseases. The mean age of
the six decedents was 79.5 years (range, 64-101 years;
Table 1), Almosthalf (49%) of the recipients died within the
first year after transfusion. The 2006 NDI results indicated
that 91 recipients {(all but 2 were adults) were still aliveatthe
end December 31, 2006. Of these 89 adults, AutotrackXP
subsequently provided further evidence that at least 85
percent of them were alive.

Recipients in the study were docurnented to have sur-
vived for a total of 2096.0 person-years after receipt of a
blood component from a CID donor (Tabie2}. The 329
deceased recipients contributed 832.25 of these person-
years and the 91 recipients who were glive as of December
2006 coniributed 1199.25 person-years. The remaining 16
recipients who were lost to follow-up had contributed 64.5
person-years.

A majority (60%) of the 436 recipients in this study
received blood and components from CJD donors that
were donated 60 months or less before their onset of CJD
(Table 2). A total of 66 recipients received their units
within 12 months or less of the donor's onset of CJD. Of
the 260 recipients who received blood from donors 60
months or less before their donor's onset of CJD, 47 (18%)
were still alive as of 2006.

Approximately one-third of the recipients survived 5
or mote years after transfusion (Table 3). Within this group
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of long-term survivors, 63 reciplents (46.8%) received
blood that had been donated 60 months or less before
onset of CJD in the donor.

We compared the tisk associated with receipt of blood
camponents donated 60 months or less before the onset
of the prion disease in the CJD donors in the United States
and the vCID donors in the United Kingdom. Whereas in
the United States, no case of CJD was identified among the
68 long-term surviving rvecipients of the blood compo-
nents donated by the CJI} donors within the 60-month
period before their onset, in the United Kingdom 3 cases
of vCJD {14%} were identified among 21 long-term surviv-
ing recipients of the blood components donated by the
v(JD donors (p = 0.012, Fisher's exact test).

DISCUSSION

This study evaluates the risk-of transfusion transmission
of CJD in US blood recipients and compares the risk o
that reported for vCJD} in the United Kingdom. Qverail, the
US recipients survived for a total of 2096.0 person-years
after recelpt of a blood component from 4 CJD donor. No
recipient was found to have been diagnosed with CJD.

_ These results indicate that for the period studied, the rigk,

if any of transfusion transmission of CJD by CJD donors is
significanty lower than the tisk of transfusion transmis-
sion of vCJD by vCJD donors.

Although the incubation period for prion diseases

_can be very long, about 30 years or longer as observed .

<
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when environmental exposures can be reasonably esti-
mated (e.g., Kuru, dural graft-associated CJD, and pitu-
itary hormone-associated CJD), it is noteworthy that at
least one case for each of these prion diseases has been
observed within 10 years of an exposure. The present plan
for evaluating transfusion transmission of CJD is to con-
tinue the current sutveillance efforts and to continue to
identify new recipients for at least another 3 years.

There could be a variety of reasons for not seeing a
case of CJD in our recipient population. One of the most
likely reasons is that CJD may not be transmitted by blood

transfusion, unlike its variant counterpart. If the agent

that causes CJD were present in human blood, its concen-
tration might be too low to transmit an infection by the
intravenous route. It is also possible that this study has not
yet included enough donors and recipients to observe an
infection or followed up on’ the study recipients long
enough for them to have completed their incubation
petiod.

The observation of zero cases of CJD among recipi-

ents in this study is consistent with the considerable addi-

tional data in the medical literature on the risk of
transfusion transmission of human prion diseases that
has recently been reviewed.® In addition to the UK TMER
study, we are aware of a German lookback investigation of
one blood donor who died of CJD. The donor had 27 defi-
nite recipients and 8 probable recipients (total, 35): Nene
of the deceased recipients died from dementia or neuro-
logic causes. Of the 14 who were alive at publication, none
exhibited signs of dementia; the longest period of
follow-up was 21 years.”

Through 2007, the proportion of vCJD cases among
the long-term surviving recipients who received blood
from a vC]D donor 60 months or less before onset of the
donors”illness was 14 percent in the United Kingdom. In
contrast, the present study identified no case of CJD
among the 68 long-term surviving recipients of the blood
components donated by the CJD donors .within the
60-month period before their onset. In addition, the
smaller UK study of blood components donated by CJD
donors in the United Kingdom revealed no transfusion

transmissions of CJD. Thus, the results of the present .

study in combination with the results from the TMER
study in the United Kingdom strongly support the conclu-
sion that the risk, if any, associated with receipt of blood
components from CJD donors is significantly Jower than
that associated with receipt of blood componerits from
vCJD donors. .
The limitations of this study include the fact that 15
(42%) of the CJD dondrs enrolled in this study did not have
their diagnosis confirmed neuropathologically. The CID
itlness of each of these 15 donors was diagnosed by a neu-
rologist and at Ieast 11 of these donors had an electroen-
cephalogram characteristic of CID and/or a positive
cerebrospinal fluid test for the neuron-specific enolase or

982 TRANSFUSION Valume 49, May 2009
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14-3-3 proteins, Nevertheless, it is possible that not all the
recipients received blood from a true CJD donor,

Another limitation of this study is that we relied upon
the US multiple cause of death data to identify CJD in
recipients. The sensitivity of such data was assessed by a
CDC study conducted in 1996, shortly after vCJD was first
announced in the United Kingdom. Although this latter
study did not allow for sufficient time for complete filing
of all death records, it nevertheless found that the sensi-
tivity of the death records compared to very active, alter-
native surveillance efforts was 86 percent.* In addition to
this study, Davanipour and colleagues® found the false-
positive rate of the death certificates to be 8.3 percent.

Assessment of risks of blood-borne transmission of
diseases with potentially long latent periods isrinherent[y
limited by the poor survival of transfusion recipients. In
the present study, for example, approximately 26 percent?*
of the recipients were alive 10 years after transfusion.
Although this survival rate is low, it is consistent with
another report of lookback investigations in which only 26
percent of the recipients had survived 10 or more years,
posttransfusion. Lookback investigations may be mare
inclined to have lower posttransfusion survival rates
because they overrepresent recipients that receive mul-
tiple transfusions® This relatively low survival rate
contributes to the limited statistical power of the present
study despite its being the largest study of its kind
reported 1o date to assess the risk of transfusion transmis-
sion of CJjD. Further detection and enrolliment of donor/
recipient clusters will continue to increase the power, and,
if recipients remain free of CJD, will continue to provide
the most direct evidence for the absence of CJD transmis-
sion by transfusion. Finally, another limitation encoun-
tered in this and other lockback investigations is the
increasing difficulty in obtaining identifying information
on all recipients. As hospital personnel have become more
concerned about remaining in compliance with the
federal medical privacy rule of the Health Insurance Port-
ability and Accountability Act (HIPAA), our ability to
obtain patient information has been reduced.

In addition to providing public health surveil