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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

Tissué-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This draft guidance, when finalized, will represent the Food and Drug Administration’s (FDA’s)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 statates and regulations. If you want to
discuss an alternative approach, contact the appropriate FDA staff. _If you cannot identify the
appropriate FDA staﬂ' call the approprtate number listed on the t:tl&page of this guidance.

L  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 (T. 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 human donors, including donors of Whole Blood and
blood components intended for use in transfusion, and HCT/P donors-(living and cadaveric (non-
heart beatmg)) This guidance document does not apply to the collection of Source Plasma. -

In addition, we are providing you with recommendations for unit and dosior management
labeling of ‘Whole Blood and blood components and procedures for reporting implementation of
a licensed T 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 {o be a relevant communicable disease agent under.

21 CFR 1271.3(x)(2), and are providing you with recommendations for testing and screening
“donors for antibodies to I” cruzi. -

The recommendations made 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).
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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 enforcca'ble
respon31b1ht1es Instead, gmdances describe FDA s current thinking on a top_lc and should be
The use of the word should in FDA s guidances means that somethmg muggested or
recommended, but not required. )

. BACKGROUND

Chagas discase¢ is caused by the protozoan parasite, 7, cruzi. The disease is found primarily in -
Mexico and Central and South America; the pathogenic agent has rarely been reported fo cause
human infection in the United States (U.S.) by natural vector transmlsmon (Ref. 2). Natural
" infections are transmitted mainly when the feces of certain blood' suckmg insects (triatomine -
bugs, commonly referred to as kissing or chinch bugs) that harbor-the infection are rubbed into &
bug bite, other wound, or directly into the eyes or mucous membranes. Other primary forms of
transmission include congemtal (mother to unborn infant), organ- transplantatlon 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 potentlal 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 1 in the U S. and Canada. S e

* Vector-borne infections are niostly mild in the acute phase and then persist throughout life,
‘usually 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 intestinal 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 parasites 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 little investigation of tissue distribution during that phase (Refs. 3
through 10). '
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A. Ponor Screening Tests for Chagas Disease in the United States

At the September 1989 Bloed Products Advisory Committee (BPAC) meeting, the
comunittee recommended testing donors of Whole Blood and bleod components for
Chagas disease when a suitable test became available. I a 1995 BPAC meeting, the
committee 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 discussedWere hot suitable for blood -
donor screening. Furtheérmore, the committee sought clarificition 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 cons_lderatwns (Ref. 11).

.

In December 2006, FDA granted a license to one manufacnlre_{ of an ELISA test system
for the detection of antibodies fo T. cruzi in individual hvmg 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 T. 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 7. cruzi.. The presence of antibodies to T 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 acqmred years earlier during residence in areas endemic for 7' cruzi.
" - Therefore, prior donations from a donor who is repeatcdly reacuve on an ELISA test
system were likely to harbor T cruzi 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.

discussed by the committee included the need for additional data on the incidence and

risk of transmission of T cruzi by transfusion, the severity of Chagas disease, the

performance of the antibody test, and, the lack of a hcensed supplemental test for
conﬁmlatory testmg

The commiittee also commented 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 prevalence of T.
- cruzi infections in donors and that donor qllBStI.OIlS for selective donor screening needed
_vahdatlon
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B. Risk of T, cruzi Infectmn from Transfusion of Whole Blood and 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 {61 in 25,000,

_ depending on where the studies were conducted. However, morerecent 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 concem, and many countries considered endemic for 7. cruzi infection
screedblood donors for the presence of antibody. Therefore, in response to changes in

. donor demographics, we are now recommending bload donor testing in the U.S. -

In the U. S and Canada, only seven cases of transﬁlsmmh'ansmntted I. cruzi mfections
(Refs. 15 through 19) and five cases of infection from organ transplantauon (Refs. 20 and
21) have been documented. However, transmissjon in immonocompetent 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 ¢enters which question donors about birth and/or residence in'a T. cruzi-
endemic country have shown such questions to be incompletely effective at identifying
the seroposifive donors. Studies also have looked at the rate of transfusion fransmission
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 7. cruzi (Refs. 18, 23 and 24). This transmission rate-of 22.7% is
consistent with the literature from. Latin America on rates of blood-bome transmission
from seropositive donors in Mexico and Cenfral and South America (Ref. 25). However,
we ate 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
acquired their infections within the U.S. (Ref. 26). Despite this new data, the rate of -
trapsfusion transmission of 7. cruzi in the U.S. continues to be uncertain because of the

' limited number of studies conducted to date and the rate of transfusion transmission '
remains under investigation.

C. Risk of 7. cruziInfection to Recipients of Donated HCT/Ps
Based on the risk of transmission, severity of effect, and availability of appropriate
screening measures and/or tests, we have determined 7T 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 following 111format1on
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1. Risk of Transmission

There is a risk of transmission of 7° cruzi by HCT/Ps and there has been sufficient
incidence and/or prevalence to affect the potential donor p0pulat10n

e e
p=s

A Recognizing the risk of transmission from donated HCT/PS countries endemic for

4
H

7. cruzi infection have instituted various practxces to Ininimize-transmission
through transfusion or transplantation including screening donors for the presence
of T. 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 transplantahon The World Health

.. Organization recommends that:

* aheart from an infected donor not be transplanted;
¢ aliver from an infected donor only be transpléfited to recipients already
" positive for. Chagas disease, except in emergency cases; and
¢ when other organs are transplanted from 2 Chagas-positive donor, the
: recipient should receive prophylactic treatment for Chagas disease (Ref.
3). :

Pubhshed data regarding the transrmss1b111ty 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 7% 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 T. cruzi in HCT/Ps from

'seropo sitive donors, current data are insufficient fo identify spec1ﬁc effective

processing methods that consistently render HCT/Ps free of T cruzi. The
committee concluded that, absent such data, it would be prudent to test HCT/P
donors to decrease the risk of transnnttmg infection with 7. cruizi (Ref. 12)

~ Information about prevalence of T. cruziin the U.S. is prov1ded in section II.B. of

this document.
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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 unpamncnt of a body
function or pennanent damage to a body structure. - -

3. Auvailability of Appropriate Screém'ng and/or Testin‘g‘Mea‘sureé

Appropriate screening measures have been developed for 7. cruzi, such as the
medmal history interview. (Screening measures for 7. cruzi are discussed in
secnon 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 cadavetic donors of HCT/Ps (see section IV.B.
of this document). You must use a donor screening test for T. 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)). Current EDA-licensed, cleared or approved donor
screening tests for use in testing HCT/P donors are listed at .

~ hittp://www.fda.gov/cber/tissue/prod.htm.

IIL RECOMIVIENDATIONS FOR DONORS OF WHOLE BLOOD AND BLOOD
COMPONENTS INTENDED FOR USE IN TRANSFUSION '

A,

Blood'Dopor Testing and Management

1. Donor Testing

' We recommend testing of all donations of allogeneié units of blood ﬁsing a

licensed test for antibodies to T* cruzi. You must follow the regulations under
21 CFR 610.40(d) for detennmmg 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 T. cruzi
that can be used for copfirmation of true positive screening test results. FDA is
not recommending rﬂentxy criteria for blood donors deferred indefinitely on the
basis of a repeatedly reactive screening test for antibodiesto . cruzi due to the
absence of a licensed supplermental test for antlbodlcs to Teruzi,

4, ‘Donor Counseling and Physician Referral

“We recommend that donors who are repeatedly reactive using a licensed test for
antibodies to T: cruzi be informed about the likelihood and medical significance
__of infection with 7. cruzi. Additional medical diagnostic testing may prov1de

- information useful in donor counselmg ~

All repeatedly reactive donors should be referred to a:zéhysician specialist. Ttalso
may be useful to refer them to their state and local Hiealth departments or to other
appropriate commurlity resources.

.5. Further Testing of Repeatedly Reactive Donors for Cross—Reacting Diseases

Because the licensed test has demonstrated some reactmty 1in 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 d1agnost1c tests. For
example, testing for leishmaniasis may be appropriate in persons with geo graphic
risk for exposure to Leishmania parasites and who appear to have a falsely
reactive screening test for antibodies to 7. cruzi.

Product Management

.. 1. Index Donations .

We recommend that blood components from repeatedly reactivé 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 I cruzi (21 CER 606.121()).
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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: P

¢ identify all in-date blood and blood components prévighsly donated by
such a donor, going back either 10 years (or.indefmitely where electronic
records are dvailable), or else 12 months prior-to the most recent time that
this donor tested negative with a licensed test for T. cruzi antibody,
whichever is the lesser period (the lookback period);
.~ e quarantine all previously collected in-date blood and blood components
- held at your establishment; and
- » nofify consignees of all previously collected in-date blood and blood
components to quarantine and return the blood components to you or to
destroy them. e
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
¢ ifblood or blood components were transfused, encourage consignees to
notify the recipient’s physician of record of a possible increased risk of T.
crz;zf infection.

We recommend that when there is additional information indicating risk of 7°
cruzi infection you make such notifications within 12 weeks of obtammg the
repeatedly reactive test result.

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

Retrospective Review of Re¢ords

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

o with repeatedly reactive test results bya hcensed test for T cruzi
. antibodies; and
" s for whom there is additional information mdlcatmg risk of T. cruzi
infection, such as geographical risk for exposure in an endemic area, or-
medical diagnostic testing of the donor. There currently is no licensed T

96



Contains Nonbinding Recommendations .

Draft — Not for Implementation A IR

If a donor is identified at risk of infection during the retrospective review, you
may want to consider performing all the lookback actiops 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 under21 CFR 610.40(d)
- .- - and (¢) 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. Bstablishments should provide the results of additional testing for
antibodies to T. cruzi, as available to the aiitolo gous donor’s referring
physmlan

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.-ciuzi 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 7. 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 unforesecable event that may affect the
safety, purity, or potency of the product, and it oceurs in your facility or another
facility under ¢ontract with you and involves distributed blood or blood -
components. For additional information regarding reportirig, 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 O i :

1

If you are a licensed blood establishment and you begin using a licensed
serological test for the detection of antibodies to T 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 confract laboratory will now perform a serological test for
antibodies to T. cruzi, you mmst report this changem"your AR

(21 CFR 601.12(d)).

If you are a licensed blood establishment and 'you use a new contract
laboratory to perform a serological test for antibodies to 10 cruzi (and the
laboratory already performs infectious disease testing for blood products),

. then you must report this change by submission of a “Changes Being -

Eﬂ‘ecte ” supplement, in accordance with 21 CFR 601. 12(c)(1) and (c)(5). 'If -~
your contract laboratory has not prcv1ously performed infectious disease
tcstlng for blood products, then you must report this change as a major change
ina pnor 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 meligible 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 cxh1b1t one or
more of the foHOng conditions or behaviors.

. Persons who have had a medical. diagnosis of T. cruzi infection based on

symptoms and/or laboratory results. .
Persons who have tested positive or reactive for T. cruzi antibodies usmg an FDA-
licensed or investigational 7. cruzi donor scréening test (Ref. 1). -

10
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Donor Testing

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

2. Any HCT/P donor whose specimen tests negative (or non-reactive) for
antibodies to T. 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 antiEodies_ to

T. cruzi is meligible to be a donor (21 CFR 1271.80(d)(1)).

11
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Introduction

Members of the genus Arenavirus, comprising currently 22
recognized species {http:/ /www.ictvonline.org/virusTaxonomy.
asp?version=2008), are divided into two complexes based on
serologic, genetic, and geographic relationships [1,2]: the New
Weorld (NW) or Tacaribe complex, and the Old World (OW) or
Lassa-Lymphocytic choriomeningitis complex that includes the
ubiquitous arcnavirus type-species Lymphogytic choriomeningitts virus
(LCMV; [3]). The RNA genome of arcnaviruses is bi-scgmented,
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 arc classified together with the
familics Onthompxoviridae and Bunpaviridas as scgmented single-
“strand, negative. sensc RNA viruscs.

The South Ametican hcmorrhaglc fever viruses Junin (JUNV;

[6,71), Machupo (MACV; [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 aercsol infectivity and- rapid onset of severe diseasc.
With the possible exception of NW Tacanbe virus (TCRV; [12]),
which has been isolated from bats (dArtibeus spp.), individual
arcnavirys species are commonly transmitted by specific rodent
species wherein thescapacity for persistent infection without overt

.@ PLoS Pathogens | wwwplospathogens.org
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discase suggests long evolutionary adaptation between the agent
and its host [1,13~16]. Whercas NW arcnaviruses are associated
with rodents in the Sigmodontinge subfamily of the family Cricetidae,
OW arenaviruses are associated with rodents in thc Murinae
subfamily of the family Muridae.

Humans are most frequenty infected through contact with
infected rodent excreta, commonly via inhalation of dust or
acrosolized virus-containing materials, or ingestion of contami-
nated foods [13]; howevcr, mansmission may also oceur by
inoculation with infected body fluids and tissue transplantation
(17-19]. LCMYV, which is spread by the ubiquitous Mus museulus as

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

humans that range from asymptomatic infection or mild febrile
illness to meningitis arid encephalitis [13]. LCMV infection is only
rarcly fatal in immunocompetent adults; however, infection during
pregnancy bears serious risks for mother and child and frequendy
results in congenital abnormalities. The African LASV, which has
its reservoir in rodent species of the Mastamys genus, causes an

estimated 100,000-500,000 human infections per year in West |

African countrics (Figure I). Although Lassa fever is typically sub-
clinical or associated with mild febrile illness, up to 20% of cascs
may have severe systemic disease culminating in fatal outcome
[20,21]. Three other African arenaviruses arc not known to cause
human disease: Ippy virus (IPPYV; [22,23]), isolated from

May 2009 | VSlume 4 | Issue S | 1000455
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“ South. Africa after.if: transfer ‘of @, critically ill’index case_i"-
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Arvicanthis spp. and Mobala virus (MOBV; [24]) isolated fiom
Praomys spp. in the Central African Republic {CAR); and Mopeia
virus (MOPV} that like LASV is associated with members of the
genus Mastimys, and was reported from Mozambique [25] and
Zimbabwe [26], although antibody studics suggest that MOPV
and LASV may also circulate in CAR [27] where the geographies
of these viruses appear to overap (Figure 1). Up to present, there
have been no published reports of severe human disease associated
with arenaviruses isolated from southern Africa.

In Scptember 2008 an outbreak of unexplained hemorrhagic
fever was reported in South Africa [28). The index patient was
airlifted in critical condition from Zambia on September 12 to a
clinic in Sandton, South Africa, after infection from an
unidentified source. Secondary infections were recognized in a
paramedic {case 2) who attended the index case during air transfer
from Zambia, in a nurse (case 3) who attended the index case in
the intensive care umit in South Africa, and in a member of the
hospital stafl (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 Sandton on September 26, one day before barrier
nursing was implemented. The course of discase in cases 1 through
4 was fatal; case 5 received ribavirin treatment and recovered. A
detailed description of clinical and epidemiclogic data, as well as .
immunohistolagical and PCR analyses that indicated the presence
of an arcnavirus, are repdrted in a parallel communication
{Paweska ct al,, Emerg. Inf. Dis., submitted). Here we report
detailed genetc analysis of this novel arenavirus.

Results/Discussion

Rapid identification of a novel pathogen through
‘unbiased pyrosequencing

RNA extracts from two post-mortern liver biopsies {cases 2 and
3) and one scrum sample {case 2) were independendy submitted
for unbiased high-throughput pyrosequencing. The Lbraries
yiclded between 87,500 and 106,500 sequence reads. Alignment
of unigue singleton and assembled contiguous sequences to the
GenDBank database (htp://www.niebi.nlm.nih.gov/Genbank) us-
ing the Basic Local Alignment Search Too! (blastn and blastx;

‘_:@'f PLoS Pathogens {*www.plospathogens.org g
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[29]) indicated coverage of approximately 5.6 kilobases (kb) of
sequence distributed along arenavirus genome scaffolds: 2 kb of S
segment scquence in two fragments, and 3.6 kb of L. segment
sequence in 7 fragments (Figure 2). The majority of arenavirus
sequences were obtained from serum rather than tissue, potentially
reflecting lower levels of competing cc]]ular 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 arid CDC. Terminal sequences
were added by PCR. using a universal arenavirus primer, targeting
the conserved viral termini (3’-CGC ACM GDG GAT CCT
AGG C, modified from [30]) combined with 4 specific primers
positioned near the ends of the 2 genome segments. Overlapping
primer sets based on the draft genome were synthesized to

* facilitate sequence validation by conventional dideoxy sequencing.

The accumulated data revealed a classical arcnavirus genome

structure with a bi-segmented genome encoding in an ambisense &

strategy two open reading frames (ORF) separated by an
intergenic stem-loop region on each segment (Figure 2) (GenBank
Accession numbers FJ952384 and Fj952385).

Our data represent genome sequences directly obtained from
liver biopsy and secrum {case 2}, and from cell culture isolatcs
obtained from blood at CDC f{case 1 and 2), and from liver
biopsies at NICD (case 2 and 3). No sequence differcnces 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 initial natural exposurc

of the index case, followed by a ¢hain of nosocomial transmission
among subsequent cases. -

Lujo virus (LUJV) is a novel arenavirus

Phylogenetic trees constructed from full L or § 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 scparate from the LCMV 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 ségment nucleotide sequences. In
addidon, phylogenetic analysis of cach of the individual ORFs
reveals sinilar phylogenctic tree topologics. A phylogenetic tree
constructed from deduced Lepolymerase amino acid (aa) sequence
also shows LUJV near the root of the OW arcnaviruses, distinet
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 §1).
The NP gene sequence of LUJV differs from other arenaviruses
from 36% (IPPYV) to 43% (TAMV) at the nudeotide level, and
from 41% (MOBV/LASV) to 55% (TAMYV) at the aa level (Table
51). This degrec of divergence is considerably higher than both,
propased -cut-off values within {<10-12%), or between (>21.5%)
OW 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 |

are known. However, as more genomic sequences have become
available, analyses of full-length GPC sequence have revealed
cvidence of possible relationships betwcen OW and NW

May 2002 | Volume 4 | Issue § | e1000455
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Figure 1. Geographic distribution of African arenaviruses. MOBV MC}PV and IPPYV (blue) have not been implicated in human disease; LASY
{red) can cause hemorrhagic fever. The origin of the LUJV index and secondary and tertiary cases finked in the 2008 outbreak are lndtcated in gold

doi:10.1371/fjournal.ppat.1000455.g001

argnaviruses not revealed by NP sequence alone {34]). Because G1
sequences are difficult to align some have pursued phylogenetic
analyses by combining the GPC signal peptide and the G2
scquence 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 smnlar dlstancc from OW
- as from NW viruses. .

Protein motifs potentially relevant to LUJV biclogy .
Canonical polymerase domains pre-A, A, B, C, D, and E [35—
37] are well conscrved in the L ORF of LUJV (256 kDa, pl =6.4;
Figure 4). The Z-ORF (10.5 kDa, pI=9.3) contains 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, T'sgl01 [38], involved in vacuolar protein
sorting [39,403, LUJV has a unique Y;7REL mouf that matches
the Y2 XL motif of the retrovirus equine infectious anemia virus

-

A '@ PLoS Pathogens | www.plospathogens.org
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. [41], which interacts with the clathrin adaptor protein 2 (AP2)

complex [42]. A TsglOl-interacting motif, PgpSAP, is found in
LUJV in position of the sccond late domain of LASV, PPPY,
which acts as a Nedd4-like ubiquitin ligase recognition motif [43).
The RING motif, containing conserved residue Wyq [44], and the
conserved myristoylation site Go 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 a cytotoxic
T-lymphocyte (CTL) cpitope reported in LCMV (GVYMGNL;
[49]), corresponding to G2 VYRGNL in LUJV, and a potential
antigenic site reported in the N-terminal portion of LASV NP
(RKSKRND; [50), corrcspondlng to RssKDKRND in LUJ'V
(Figure 4).

The GPC precursar (52.3 kDa, pI=9.0) i 0:01.1':1:1531al:onall}r
clpaved into the long, stable signal peptide and the mature
glycoprotcins Gl and G2 [51-54]. Bascd on analogy to LASV
{55] and LCMYV {56], signalase would be predicted 1o cleave
between Dsg and Sgg in LUTV. However, aspartate and-arginine

ok
Hand
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Figure 2. LUJV genome organization and potential secondary structure of intergenic vegions. Open reading frames (ORF) for the
glycoprotein precursor GPC, the nucleaprotein NP, the matrix protein anaiog 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 5 (B, C) and
L. segment sequence (D, B} in genomlc {8, D} and antigenamic orientation (C, E) were analyzed by mfold; shading indicates the respective termination

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

. residues in the —1 and —3.positions, respectively, violate the
{—3,=1)-rule [57]; thus, cleavage may occur between $5 and Sgp as
predicted by the SignalP algorithm, The putatve 59 aa signal
peptide of LUJV displays a conserved Gy, implicated in myristoyla-
tion in JUNV [58], however, it is followed in LUJV by a non-
standard valine residue in position +4, resembling non-standard
glycine residues found in Oliveros virus (OLVV [59]) and Latino
virus (LATV; http://www2.ncid.ede.gov/arbocat/ catalog-listing.
asp?VirusID = 263&SI = 1). Conscrvation is also obscrved for aa
residues Pyg (except Amapari virus; AMAV [60]), E,5 [61]{except
Pirital virus; PIRV [62]), and Nyp in hydrophobic domain 1, as well
as IR GVFNLYK0SG, identificd ‘as a CTL epitope in LCMV
WE {I;;KAVYNFATCG; [63]) (Figure 4).

Analogous to other- arcnaviruses, SKI-1/51P cleavage C-
tcrmma] of RKIMay; is predicted to separate mature G1 (162
aa,” 18,9 kDa, pI=6.4) from G2 {233 'aa, 26.8 kDa, p]=9.5)
[52,53,64]. G2 appears overall well conserved, mc]qdmg the
strictly conserved cysteinie residues: 6 in the luminal domain, and 3
in the cytoplasmic tail that are included in a conserved zine finger

@ PLoS f’athogens | www.plospathogens.org
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motif reported in JUNV [65] (Figure 4). G2 contains 6 potcntial
glycosylation sites, including 2 strictly conserved sites, 2 semi-
conserved sites Nags (absent in LCMVs and Dandcnong virus;
DANV [19]) and N3sq {absent in LATV), and 2 unique sites in the
predicted cytoplasmic tail (Figure 4). Gl is poorly conserved
among arcnaviruses [16], and G of LUJV is no exception, being
highly divergent from the GI of the other arenaviruses, and
shorter than that of other arenaviruses. LUJV Gl -contains 6
potential glycosylation sites in positions comparable to other
arenaviruses, including a conserved site NgsHS (Figure 4), which is

shifted by one aa in a motif that otherwise aligns well with OW -

arenaviruses and NW arcnavirus 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 &renavirus
receptors; Alpha-dystroglycan (a-DG) [66] that binds “OW
arenaviruses LASYV and LCMV, and NW clade C viruses OLVV
and LATV [67]; or tansferrin receptor 1 (T{R1) that binds
pathogenic NW arenaviruses JUNV, MACV, GTOV and SABV

[68] (Figure S2).

May 2009 | Volume ;H Issue 5 .| e1000455
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Figure 3, Phylogenetic analyses of LUJV, Phylogenetic refationships of LUJV were inferred based on full L {A) and S segment nucleotide
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-jeining ana[y5|s applying a Jukes-Cantor model; the scale bar indicates substitutions per site; robust boostrap support for the positioning of
LUV was obtained in ‘all cases (>98% of 1000 pseudoreplicates). GenBank Accession numbers for reference sequences are:"ALLY CLHP2472
{AY216502, AY012687); AMAV BeAn70563 (AF512834); BCNV AVA0070039 (AY924390, AY922491), A0060209 (AY216503); CATV AVA0400135
(DQ865244), AVA0400212 (DD865245); CHPY 810419 (EU, 260464, EU260463); CPXV BeAn119303 (AY216519, AF512832); DANV 0710-2678
(EU136039, EU136038); FLEV BeAn293022 (EUI627611, AF512831); GTOV INH-95551 {AY358024, AF485253), CVH-960101 (AY497548) IPPYV
DakAnBigad (DQ328878, DQ328B7Z); JUNY MC2 (AY216507, D10072), X113 {AY358022, AY358023), CbaNMS-‘l (DQ272266); LASY LP (AF181853),
803213 {AF181854), Weller (AY628206), AV (AY1 79171, AF246121), Z148 {AY628204, AY628205), Josiah (U73034, J043204), NL (AY179172, AY179173);
LATV MARU10924 (EU627612, AF485259); LCMV Armstrong (AY847351), ARMS3b (M20869), WE (AF0D4519, M22138), Marseille12 {DQ286932,
DQ286931), M1 (AB261991); MACY Carvallo (AY619642, AY619643), Chicava {AY624354, AY624355), Mallele {AY619644, AY619645),- MARU222688
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{AY922407), 9530537 (AY571959); MOBV ACAR3080MRCS5P2 (DQ328876, AY342390); MOPV AN20410. {(AY772169, AY772170), Mozémbique
{DQ228875, DQ328874); NAAV AVD1240007 (EU123329); OLVV 3229-1 (AY216514, U34248); PARY 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).

- doi:10.137 1/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 cvident across the whole genome, but is most
pronounced in the G1 protein encoded by the § segment, a region
implicated in receptor interactions. Reassortment of 8 and L
segments leading to changes in pathogenicity has been described
in cultured cells infected with different LCMV strains [69], and
between pathogenic LASV and nonpathogenic MOPV [70]. We
find no evidence to support reassortment of the LUJV L or §
genome  segment {Figure 3A and 3B). Recombination of
glycoprotein sequence has been recognized in NW arcnaviruses
-[14,16,33,34,71-73], resulting in the division of the complex into
four sublineages: lineages A, B, C, and an A/rceombinant lineage
that forms a branch of lineage A when NP and L sequence’ is
considered {sce Figure 3C and 3D), but forms an independent
branch in between lincages B and C when glycoprotein sequence
is considered {see Figure 3D). While recombination cannot be
excluded in case of LUJV, our review of cxisting databascs reveals
no candidate donor for the divergent GPC sequence. To our
knowledge is LUJV the first hemorrhagic fever-associated
arenavirus from Africa identified in the past 3 decades. It is alse
the first such virus originating south of the equator (Figuze 1). The
International Committee on the Taxonomy of Viruses (ICTV)
defines species within the Arenavirus genus based on dssociation
with a specific host, geographic distribution, potential to cause

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

Materials and Methods

Sequencing

Clinical specimens were inacdvated in TRIzol (liver tissue,
100 mg) or TRIzol LS {serum, 250 yl) reagent (Invitrogen,
Carlsbad, CA, USA) prior to removal from BSL-4 containment.
‘Total RNA extracts were treated with DNdse I (DNA-free, Ambion,

Austin, TX, USA) and cDNA generated by using the Superseript IT ",
systern (Invitrogenj and 100-500 ng RNA for reverse transcription I

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-linked 17-mer primer, respectively {74]. Products
=70 base pairs (bp) were sclected by column purification (MinElute,
Qiagen, Hilden, Germany) and ligated to speeific linkers for
sequencing on the 454 Genome Sequencer FLX (454 Life Sciences,
Branford, CT, USA) without fragmentation of the ¢DNA
[19,76,77]). Removal of primer sequences, redundancy filtering,
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" Figure 4. Schematic of conserved protein motifs. Conservation of LUJV amino acid motifs with respect to zall 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
L1142, A {Nizag) B (My313), € {Ly3as), D {Quaae), and E (Cy300) are indicated for the L ORF; potential myristoylation site G,, the RING motif Haof/Ce and
potential late domains YXXL an PSAP are indicated for the Z ORF; and myristoylation site G, posttranslational pracessing sites for signalase {Sse/Seg}- -
and S1P cleavage (RKLMay), CTL epitope (132), Zinc finger motif P4 5/Gaqo a5 well as conserved cysteine residues and glycosylations sites (¥) afe
indicated for GPC. * late domain absent in NW viruses and DANV; 1.PSAP or PTAP in NW viruses, except in PIRV and TCRV (OW viruses: PPPY); #£ G in
all viruses except LCMV {=A); i D in NW-clade A only; § conserved with respect to OW, and NW clade A and C; HD, hydmphoblc domam, ™,
transmembrane anchor,

doi:10.1371/j ournal.ppat.1000455.9004
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