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Principles. Chapter 2

Prophylactic immunisations

See Standards.

Conditions requiring individual assessment

As donors may present with a variety of medical problems, past or
present only some of the more common examples are considered here.

Condition requiring
individual assessment

Criteria for deferral

Allergy

Individuals with a documented history of anaphylaxis
should not be accepted as donors.

Auto-immune
diseases

If more than one organ is affected this leads to
permanent deferral.

Beta thalassaemia
trait

Heterozygote carriers of beta-thalassaemia trait may
give blood provided they are in good health and have a
haemoglobin level within acceptable values.

Bronchitis

Persons with symptoms of severe chronic bronchitis
should not be accepted as donors.

Common cold

Accept, if asymptomatic and feels well on the day of
donation.

Hypertension

A person who presents with a systolic blood pressure
of more than 180 mm Hg or a diastolic blood pressure
of more than 100 mm Hg should not be accepted as

a blood donor. A mild hypertensive whose diastolic
blood pressure is maintained at less than 100 mm Hg
may be accepted.

Jaundice and hepatitis
(see Standards)

Hospital staff coming into direct contact with patients
with hepatitis are accepted at the discretion of the phy-
sician in charge of the blood-collecting unit providing
they have not suffered an inoculation injury or mucous
membrane exposure, in which case they must be deferred.

Chagas disease
see Standards)

In some countries, donors who were born or have
been transfused in areas where the disease is endemic
are deferred or tested. The blood of persons who
were born or have been transfused in areas where the
disease is endemic should be used only for plasma
fractionation products unless a validated test for
infection with T. cruzi is negative.
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Guide to the preparation, use and quality assurance of blood components

Post donation information

Blood donors must be instructed to inform the blood establishment
when signs or symptoms occur after a donation, indicating that the
donation may have been infectious (see Standards). A donor may also
inform the blood establishment that he or she previously donated
blood, but should not have done so in the light of donor selection
criteria aimed at the health protection of recipients, e.g. in retrospect
did not fulfil criteria mentioned in the donor questionnaire.

Infectious diseases

For infectious diseases not specifically addressed elsewhere in this
guide, generally a deferral period of at least 2 weeks after cessation of
symptoms should be respected.

If there was contact with an infectious disease, the deferral period
should equal the incubation period, or if unknown, the nature of
the contact and the deferral period has to be determined by the
responsible physician.

Some emerging infectious diseases may represent a threat to the safety
of blood transfusion. A risk/benefit analysis should be carried out on

a country by country basis. Precautionary measures, which should be
proportionate to the risk, should be implemented in a timely fashion
in line with the emerging evidence. Donor selection policies to address
the risk may include deferral for a suitable period of donors exposed in
geographic areas where the disease is occurring. The introduction of
appropriate testing strategies may have to be considered.

It is recommended that national authorities develop detailed guidance
based on prevailing epidemiology in the populations they serve.

Variant Creutzfeldt-Jakob disease

A new variant of Creutzfeldt-Jakob disease (vCJD) has been described.
It is accepted that BSE and vCJD are caused by the same agent, and
that vC]D is acquired by eating contaminated beef. Transmission of
vCJD by transfusion of blood components has also been documented.
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Principles. Chapter 9

antigen either manually or on blood grouping machines, or a test
employing a variant of the Treponema pallidum haemagglutination
assay (TPHA). An ELISA test is occasionally used. Positive syphilis
screening results must ideally be confirmed by TPHA, fluorescent
Treponemal antibody test (FTA), or an immunoblot test.

Anti-HTLYV testing

The approach to confirmation is similar to HIV and includes natio-
nally established algorithms as well as specific assays including
immunoblotting and NAT. Sensitive tests for genome detection
including typing may be helpful in defining the infection status of the
donor.

Chagas testing

The blood of persons who were born or have been transfused in

areas where the disease is endemic can be selected to be tested for

T. cruzi antibodies. Plasma for fractionation is exempt from such a test
procedure.

Paragraph 4. Nucleic acid screening (HCV- and HIV-NAT)
in mini-pools

The Committee for Medicinal Products for Human Use (CHMP)
recommended for HCV a strategy of pretesting by manufacturers of
mini-pools (of donations or of samples representative of donations)

in order to avoid the loss of a complete manufacturing pool and to
facilitate tracing back to the donor in the event of a positive test result.

In order to achieve a sensitivity which will detect sooo IU/mL of

HCV RNA for donations which are tested in mini-pools of say 100;

50 IU/mL should be detected with 95% confidence by the NAT assay.
Each assay run should include an external run control (usually at

3 times the 95% detection limit). This reagent must be reactive in every
run. The external run control may be omitted if the test is licensed
(CE marked) with other procedures to warrant robustness.
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Standards. Chapter 2

Table 2-1. Conditions leading to permanent deferral (rejection)

Cancer/ Individuals with a malignant disease, or a history of such, are
Malignant usually permanently deferred. The physician in charge may
Diseases make exceptions to this rule in selected cases (see Principles).
All individuals who have in the past been treated with
Creutzfeldr. |€Xtracts derived from human pituitary glands, have been
filoihs e recipients of dura mater or corneal grafts or who have been
told of a family risk of Creutzfeldt-Jakob Disease or any
other Transmissible Spongiform Encephalopathy’.
Diabetes If requiring insulin therapy.
Drugs Any history of injectable drug abuse.
- Pfersons with a history.of heart disease, especial]y. coronary
T — disease, angina pect(?rls, severe cardiac arrhythmla, a history
T of cerebrovascular diseases, arterial thrombosis or recurrent
venous thrombosis (see also Hypertension).
There are infectious states and diseases necessitating
permanent deferral:
Carriers of HIV 1/2, HTLV /11, HBV, HCV
Babesiosis®
Tifactisi Leishn?aniasis (Kala-Azar)*
conditin Chronic Q fever®
Trypanosomiasis cruzi (Chagas disease)*
(see also Infectious diseases)
Persons, whose sexual behaviour puts them at high risk of
acquiring severe infectious diseases that can be transmitted
by blood.
;(I?:S;:E- All recipients.

1~ A family history of CJD carries a presumption of family risk unless it is determined
that: (a) the affected family member had vC]D, not C]D; or (b) the affected family
member did not have a genetic relationship to the donor; or (c) the cause of CJD in
the affected family member was iatrogenic; or (d) the donor was tested and is known
to have a normal genetic polymorphism for PrP-.

2 Deferral requirements may be waived by the blood establishment when the donation
is used exclusively for plasma for fractionation.
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Infectious diseases

a. HIV/AIDS

Persons whose sexual behaviour puts them at high risk of acquiring
severe infectious diseases that can be transmitted by blood must be
permanently deferred.

Current sexual partners of people with HIV must be deferred.
Previous sexual partners of people with HIV are acceptable after
12 months since the last sexual contact.

b. Brucellosis (confirmed)

Deferral for at least two years following full recovery.

The deferral period does not apply when the donation is used
exclusively for plasma fractionation.

c. Chagas disease

Individuals with Chagas disease or who have had Chagas disease must
be deferred permanently.

The blood of persons who were born or have been transfused in areas
where the disease is endemic should be used only for production of
plasma that is used exclusively for fractionation into plasma derivatives
unless a validated test for infection with T. cruzi is negative.

d. Jaundice and hepatitis

Individuals with a history of jaundice or hepatitis may, at the discretion
of the appropriate competent medical authority, be accepted as blood
donors provided a CE marked test for HBsAg and anti-HCV is negative.

Persons who have been in close household contact with a case of
hepatitis B infection (acute or chronic) must be deferred for six
months from the time of contact unless demonstrated to be immune.

Current sexual partners of people with HBV must be deferred unless
demonstrated to be immune.
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Emerging Infectious Disease Agents and their

Potential Threat to Transfusion Safety
(Transfusion, vol 49, Aug 2009 supplement)

Trypanosoma cruzi

Disease Agent:
¢  Trypanosoma cruzi
Disease Agent Characteristics:

¢ Protozoan, 16-20 pm (trypomastigotes) 1.5 x 4.0 pm
(amastigotes)

¢ Order: Kinetoplastida

¢ Family: Trypanosomatidae

¢ Metacyclic trypomastigotes and amastigote life-cycle
stages found in human hosts.

o Metacyclic trypomastigotes (hemoflagellates)
are intermittently found in the peripheral blood
and are the stage that transmits the infection to
vectors or blood recipients.

©  Amastigotes are intracellular, tissue-dwelling
forms, often associated with cardiac tissue.

Disease Name:

e Chagas' disease
¢ American trypanosomiasis

Priority Level:

¢ Scientific/Epidemiologic evidence regarding blood
safety: Low since the implementation of blood donor
screening test

e Public perception and/or regulatory concern regard-
ing blood safety: Moderate; regulatory concern is
increasing.

¢ Public concern regarding disease agent: Low

Background:

e Agent is naturally limited to American continent
(North, Central, and South).

e  Stable in endemic countries, but with decreased fre-
quency in rural areas because of vector control and
improvements in housing. However, large reservoir
populations throughout parasite’s range ensure that
T. cruzi will never be completely eradicated.

*  Emergent in nonendemic countries (US, Canada,
Europe) because of increase in immigration

e Infected vector insects are present in the southern
US, and autochthonous transmission is described
infrequently. CDC reports that the insect vector is
present in 27 states in the US; the northern range
extends from Pennsylvania and New Jersey in the east
to California and Nevada in the west. In the US, the
parasite is restricted to latitudes below 40°.

Common Human Exposure Routes:

*  Exposure to feces from infected vector
*  Blood transfusion and organ transplantation
*  Congenital transmission and breast-feeding

APPENDIX 2

e Oral ingestion of insect-contaminated food or
beverages

Likelihood of Secondary Transmission:

*  Moderate

e Transmitted congenitally, by blood transfusion and
organ transplant

e Five cases of organ-transmitted T. cruzi in the US
including one cluster of 3 cases from a single donor

At-Risk Populations:

= Residents of, or immigrants from endemic regions
particularly from impoverished rural communities
with unplastered walls and thatched roofs

= Recipients of untested blood in Latin America

s Children of infected mothers

Vector and Reservoir Involved:

= Triatomine or reduviid bugs, particularly those from
the genus Triatoma, Rhodnius, and Panstrogylus; 11
species reported in the US

«  Large sylvatic reservoir populations exist in endemic
countries. In the US, T cruzi is found in 18 mammal
species including opossums, raccoons, and other syl-
vatic animals.

Blood Phase:

¢ Parasitemia occurs during symptomatic acute phase
lasting from weeks to months.

e  Parasitemia is intermittently detectable during
asymptomatic indeterminate and chronic phase.

Survival/Persistence in Blood Products:

s Parasites persist and remain in whole blood at 4°C for
at least 18 days.

e Survival in RBCs at 4°C is days to weeks but is less well
documented than survival in whole blood.

e Survival in platelets under normal storage conditions
for up to 5 days

= The viability of the parasite in frozen plasma compo-
nents is 24 hours or less.

¢ The viability in frozen RBC components is unknown.

Transmission by Blood Transfusion:

« Seven cases documented in the US and Canada
but more are likely to have occurred and been
undetected.

» InLatin America, 12-25% of recipients of seropositive
units were infected following the transfusion of fresh,
whole blood.

¢ Infection leading to detectable clinical disease is
more common in immunocompromised recipients.

¢ Components with the greatest risk of transmission
are whole blood and platelets. In four of the US cases
where an implicated donor was identified (based on
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APPENDIX 2

history of having resided in a Chagas’ endemic area),
the component responsible for transmission was a
platelet unit. In a fifth case, transmission from a plate-
let unit was also likely. The transmitting component
in the other two North American cases was not iden-
tified in the case report.

Cases/Frequency in Population:

* 100 million people at risk in endemic areas and 7.7
million infected in 18 Latin American countries. It is
estimated that 1-2 million exhibit chronic features
(cardiac or gastrointestinal), with 14,000-45,000
annual deaths.

Incubation Period:

°  20-40 days, usually manifested by fever of unknown
origin

Likelihood of Clinical Disease:

¢ Generally asymptomatic, but 20-30% of infected indi-
viduals develop clinically relevant complications

Primary Disease Symptoms:
*  Fever, hepatosplenomegaly, and cardiac symptoms
Severity of Clinical Disease:

e Severe, particularly in immunocompromised recipi-
ents, where some lethal cases are described in the
acute phase

Mortality:

e In Latin America, 14,000-45,000 deaths annually

¢ Mortality high in acute transfusion-transmitted infec-
tion when recipients are immunocompromised. True
mortality rate from transfusion transmission is
unknown.

Chronic Carriage:
e Lifetime
Treatment Available/Efficacious:

*  Benznidazole or nifurtimox are used for therapy, but
effectiveness varies and greatest success is in treating
acute stages. In the US, nifurtimox can be obtained
through CDC.

Agent-Specific Screening Question(s):

e Currently in use as part of Donor History
Questionnaire: “Have you ever had Chagas' disease?”

=  Potential risk-factor questions (e.g., birth/residence
in an endemic country) have been shown to have a
low positive predictive value so have not been
recommended.
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Laboratory Test(s) Available:

¢ Inthe US, one EIA for blood donor screening has been
licensed but not required by FDA. Some, but not all
blood organizations, are using the test to screen
donations.

@ After 2 years of mainly universal screening in the
US, testing strategies will likely be modified to a
selective strategy based upon at least one-time
testing of every donor.

¢« In Latin America, there are more than 100 tests
approved for blood screening.

e IHA, IFA, EIA, western blot, RIPA, chemilumines-
cence, and NAT methods are available, but a true gold
standard remains controversial. Direct parasite
detection can be made by smear, xenodiagnosis, and
culture; PCR has also been used as direct evidence of
the presence of parasites.

Currently Recommended Donor Deferral Period:

¢ History of Chagas’ disease is a lifetime/permanent
deferral.

Impact on Blood Availability:

*  Agent-specific screening question(s): Current ques-
tion has no impact.

* Laboratory test(s) available: Low because of the low
prevalence of T. cruzi antibody in the US blood donor
population and the high specificity of the FDA-
licensed EIA

Impact on Blood Safety:

*  Agent-specific screening question(s): Current ques-
tion has no impact.

* Laboratory test(s) available: Will significantly
decrease the transmission of T, cruzi

Leukoreduction Efficacy:

*  Low; though parasites are partially retained by leuko-
cyte filters, there is no evidence to support protection
of blood recipients when receiving leukoreduced
units. At least one transfusion-transmitted case has
been documented from a leukoreduced platelet
concentrate.

Pathogen Reduction Efficacy for Plasma Derivatives:

*  No specific data are available, but it is presumed that
the agent would be sensitive to many measures used
in the fractionation process.

e Freezing plasma kills the parasite.

Other Prevention Measures:

e  First agent for which chemical treatment of whole
blood was shown to be effective (crystal violet). More
recently, platelet inactivation by amotosalen



and UV light (INTERCEPT) or riboflavin and ultravio-
let light (Mirasol PRT System), and for plasma either
INTERCEPT or methylene blue have been shown to
be effective.
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Trypanosoma cruzi infection in North America and Spain:
evidence in support of transfusion transmission

Richard J. Benjamin, Susan L. Stramer, David A. Leiby, Roger Y. Dodd, Margaret Fearon,
and Emma Castro

BACKGROUND: The United States, Canada, and
Spain perform selective testing of blood donors for Try-
panosoma cruzi infection (Chagas disease) to prevent
transfusion transmission. The donor, product, and
patient characteristics associated with transfusion-
transmitted infections are reviewed and the infectivity of
components from donors with serologic evidence of
infection is estimated.

STUDY DESIGN AND METHODS: A systematic review
of transfusion-transmitted T. cruzi cases and recipient
tracing undertaken in North America and Spain is
described. Cases were assessed for the imputability of
the evidence for transfusion transmission.

RESULTS: T. cruzi infection in 20 transfusion recipients
was linked to 18 serologically confirmed donors
between 1987 and 2011, including 11 identified only by
recipient tracing. Cases were geographically widely dis-
tributed and were not associated with incident or
autochthonous infections. Index clinical cases were
described only in immunocompromised patients. All
definite transmissions (n = 11) implicated apheresis or
whole blood—derived platelets (PLTs), including leukore-
duced and irradiated products. There is no evidence of
transmission by red blood cells (RBCs) or frozen prod-
ucts, while transmission by whole blood transfusion
remains a possibility. Recipient tracing reveals low com-
ponent infectivity from serologically confirmed, infected
donors of 1.7% (95% confidence interval [CI], 0.7%-
3.5%) overall: 13.3% (95% Cl, 5.6%-25.7%) for PLTs, °
0.0% (95% Cl, 0.0%-1.5%) for RBCs, and 0.0% (95%
Cl, 0%-3.7%) for plasma and cryoprecipitate.
CONCLUSIONS: T. cruzi is transmitted by PLT compo-
nents from some donors with serologic evidence of
infection. Evidence of transmission before the imple-
mentation of widespread testing in the countries studied
is sparse, and selective testing of only PLT and fresh
whole biood donations should be considered.

niversal serologic testing of US blood donors

for T cruzi infection was initiated by the two

largest blood collecting systems, the Ameri-

can Red Cross (ARC) and Blood Systems, Inc.,
in early 2007, after the US Food and Drug Administration’s
(FDA's) approval of a screening assay in December 2006
and a recommendation by the FDA’s Blood Products Advi-
sory Committee (BPAC).! The decision to implement
blood donation screening was based on accumulated evi-
dence that a substantial number of donors nationwide
had evidence of prior exposure; reported transmission
rates of 12% to 20% based on historical findings from
South America; and case reports of transfusion transmis-
sions in the United States, Canada, and Spain.*'” FDA
draft guidance recommending universal blood donation
screening was released for comment in March 2009. After
16 months of testing, serologic evidence of infection was
confirmed in approximately 1:27,500 donors overall but
was especially concentrated in areas with large Latin
American immigrant communities."”® With an observed
low rate of transfusion transmission and apparent
absence of incident infections in the US donor pool, many
blood centers moved to selective one-time testing of all
donors.'®?! Final FDA guidance released in December
2010 endorsed this approach. In September 2005, Spain
implemented selective qualification by testing or
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Products Advisory Committee.
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exclusion of donors who revealed histories during donor
questioning suggesting T. cruzi infection risk, after docu-
mentation of transfusion-transmitted cases implicating
immigrant donors from South America.” Both blood pro-
viders in Canada implemented similar selective testing
models in 2009 to 2010.%

After more than 4 years of screening for T. cruzi infec-
tion in blood donors and recipient tracing of prior dona-
tions from serologically confirmed-positive donors, it is
timely to reexamine the evidence for transfusion-
transmitted T. cruzi outside of endemic areas to evaluate
the impact of testing on patient safety. It is especially
important to assess the imputability of reported cases, as
many are described only in case reports of varying
quality and completeness. Therefore, we embarked on a
systematic review of published reports of transfusion-
transmitted T cruzi and of recipient tracing investiga-
tions, to assess the characteristics of the donors, patients,
and products involved.

MATERIALS AND METHODS

Publication inclusion criteria

This review seeks to summarize all reported cases of
transfusion-transmitted T cruzi in North America
(Canada, United States, and Mexico) and Spain, with an
evaluation of imputability to assess the reliability of each
report. Cases were diagnosed either as index clinical infec-
tions that were subsequently linked to transfusion or
through identification of infected blood donors by sero-
logic screening and tracing of recipients of blood products
derived from earlier donations from those donors (recipi-
ent tracing). Reports were obtained by literature review
and PubMed searches; however, some cases are reported
in abstract form only and the authors relied on personal
communications with experts in the United States and
Spain to assist in identifying reports. A PubMed search
between January 1980 and August 2011 on the terms “Try-
panosoma cruzi” and “transfusion” revealed 377 abstracts
that were reviewed for evidence of transfusion transmis-
sion and/or recipient tracing studies occurring in the
United States, Mexico, Canada, or Spain. Included are all
cases identified in the United States by recipient tracing
and reported to the BPAC on August 2, 2011.%

Imputability

Each case of suspected transfusion-transmitted T. cruzi
was assessed for imputability based on the available pub-
lished data using a classification scheme consistent with
the Centers for Disease Control and Prevention's National
Healthcare Safety Network criteria.*® To be considered
transmission by transfusion, a case had to describe a
patient with a clinical or laboratory diagnosis of T. cruzi
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infection (with or without clinical symptoms) and a
history of transfusion. Possible cases included any patient
where no donor was identified as a potential source of
infection but transfusion transmission was thought likely
on epidemiologic grounds, or recipient tracing cases
where an infected donor and recipient were identified but
recipient infection before transfusion could not be
excluded and the infected patient had a major risk factor
for prior infection, such as having lived in and/or being
born in a T. cruzi-endemic area. Probable cases included
those in which an infected blood donor was identified
through serologic testing, with or without further confir-
matory testing, but the patient may have atleast one other
weak risk factor for prior T. cruzi infection such as travel to
endemic areas; however, transfusion transmission was
thought likely on epidemiologic grounds.” For the pur-
poses of this study, definite cases included infected
patients with no other recorded risk factors and who were
transfused with a blood product from a donor shown to be
infected with T. cruzi.

Statistical analysis

Infectivity by transfusion is expressed as the percentage of
cases identified by recipient tracing and the 95% confi-
dence interval (CI), as determined by the Mid-P Exact
method.”

RESULTS

Fifteen reports were identified that document suspected
T. cruzi transfusion transmission in 20 patients, including
six in abstract form only (Table 1). Seven reports were
from the United States, five reports were from Spain, two
from Canada, and one from Mexico. Eleven patient cases
met the imputability definition of definite transfusion
transmission, with six of these identified only by recipient
tracing of which one was linked by genetic analysis of
donor and recipient T. cruzi isolates.?'®

Five definite cases were discovered on clinical
grounds, all in immunocompromised patients undergo-
ing chemotherapy for cancer and/or stem cell transplant.
Definite cases were widely distributed geographically with
three cases in New York; one each in Florida, Rhode Island,
and Canada; and five cases in four separate regions of
Spain. Distribution did not correlate with areas known to
harbor vectors capable of transmitting T ¢ruzi infection.
Additionally, there were no cases ascribed to autochtho-
nous infections or recently infected donors. The donors
involved were born most commonly in Bolivia (six cases),
but others came from Argentina, Brazil, Chile, and Para-
guay. All donors involved in US cases were long-term resi-
dents of the United States (16-40 years). No implicated
donors came from Mexico or Central America. All definite
cases implicated transfusion of a platelet (PLT) product,
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TABLE 1. Patient, donor, and product characteristics involved in transfusion-transmitited T. cruzi infections

Donor Transfusion
Reference, year, recipient location Recipient condition Other risk tactors implicated Donor origin Products transmission
1. Grant etal., 1989," New York Hodgkin's disease No Yes Bolivia PLTs Definite
2. Leiby et al., 1999,* Florida Multiple myeloma* No Yes Chile PLTs (whole blood) Definite
3. Nickerson et al., 1989, Acute lymphoblastic leukemia No Yes (2) Paraguay (2) PLTs Definite
Canada
4. Young et al., 2007, Rhode Neuroblastoma No Yes Bolivia PLTs (irrad. & leuko.) Definite
Island
5. Kessler etal., 2010,* New York Unknown* No Yes Argentina PLTs (irrad. & leuko. apheresis) Definite
6. Kessler etal., 2010,® New York Unknown* No Yes Argentina PLTs (leuko. apheresis) Definite
7. Flores-Chavez et al., 2008, Leukemia No Yes Brazil PLTs Definite
Madrid
8. Perez et al., 2008,° Malaga Aplastic anemia No Yes Bolivia PLTs Definite
9. Perez et al., 2008,° Malaga Choroid plexus papilloma* No Yes Bolivia PLTs Definite
10. Abalo et al., 2007,” Galicia Unknown* No Yes Bolivia PLTs Definite
11. Ozaeta Orrono et al., 2008,° Unknown* No Yes Bolivia PLTs Definite
Basque
12. Lane et al,, 2000,* Canada Promyelocylic leukemia Travel 1o Mexico Yes Paraguay Not defined (299 PLT units, 8 RBC Probable
units)
13. Geiseler et al., 1987.° Leukemia Travel to Mexico Yes Not stated Not defined Probable
California
14. Stramer et al., 2008202 Pregnancy* Born in El Salvador Yes El Salvador PLTs Possible
Tennessee
15. Kirchhoff et al., 2006,'® Mexico Unknown* Endemic region Yes Mexico Fresh whole blood or PLTs Possible
16. Kirchhoff et al., 2006,'® Mexico Unknown* Endemic region Yes Mexico Fresh whole blood or PLTs Possible
17. Kirchhoff et al., 2008,"® Mexico Unknown* Endemic region Yes Mexico Fresh whole biood or PLTs Possible
18. Kirchhoff et al., 2006,'® Mexico Unknown* Endemic region Yes Mexico Fresh whole blood or PLTs Possible
19. Cimo et al., 1993, Texas Colon cancer Travel to Mexico No No donor identified ~500 RBC, PLT, and plasma units Possible
20. Villalba et al., 1992, Cordoba Leukemia No No No donor identified 20 products, not defined Possible

* Found on recipient tracing.

Irrad. = irradiated; leuko. = leukoreduced.
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either from a whole blood or an apheresis donor. In two of
these cases, the implicated PLT product was documented
to have been both leukoreduced and irradiated®’ (D.
Kessler, personal communication, 2011). Donations from
some of the donors whose PLT products were associated
with definite transmissions of T. cruzi were subjected to
recipient tracing. Overall six definite transmissions were
linked by recipient tracing from five donors identified
either by donor screening (four) or as an index clinical
case (one)."™

Two cases met the definition of probable transfusion
transmission. In both cases, the patient’s risk factor
involved “travel to Mexico”; recent travel to endemic
countries is considered a weak risk factor given improved
vector control, along with a requirement for sustained
residence in an endemic setting to successfully transmit
the parasite.**?® Lane and coworkers® described a case in
Canada in which an implicated donor was born in
Germany, but lived extensively in Paraguay. The recipient,
who had prolymphocytic leukemia, had received 299 PLT
concentrates and eight red blood cell (RBC) units; no spe-
cific component was implicated in this transmission case.
A second case described by Geiseler and colleagues® did
not define a component type although a directed donor
was implicated by serologic testing (father who had lived
in Mexico).

Seven cases were considered to be possible transfu-
sion transmission. The ARC had one possible case associ-
ated with a serologically confirmed-positive donor
identified by routine blood donation screening. The ARC
implemented routine universal screening of all blood
donors for T cruzi infection by enzyme-linked immu-
noassay (ELISA; ORTHO T cruzi enzyme-linked immun-
osorbent assay test system, Ortho Clinical Diagnostics,
Raritan NJ) in January 2007, with confirmation of repeat
reactivity by radioimmunoprecipitation assay (RIPA;
Quest Diagnostics, Chantilly, VA). Recipient tracing was
performed for all repeat donors confirmed positive by
RIPA.'*2028 During the first year of screening, a donor with
a history of birth in Brazil donated a whole blood unit to
the Tennessee Valley Region Blood Center and was found
to be ELISA repeatedly reactive, RIPA positive, but T. cruzi
PCR and hemoculture negative by in-house methods.*
Components from four prior whole blood donations were
investigated for transmission. The 28-year-old female
recipient of a leukoreduced whole blood PLT unit trans-
fused in August 2006 was found to be T. cruzi ELISA repeat
reactive, RIPA positive, and PCR and hemoculture nega-
tive. This recipient had a history of birth in El Salvador, an
endemic region for T cruzi®® Conclusive evidence of
transfusion transmission was not possible through
genetic characterization, as parasites could not be recov-
ered from either the donor or the recipient. A prior recipi-
ent of a fresh-frozen plasma (FFP) unit was found to be
negative for all tests. The other recipients of the donors’
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blood were either deceased or lost to follow-up. This case
meets our definition of a possible transfusion transmis-
sion. Since that time and covering 4 years of screening, the
ARC has not identified another infected recipient of a
blood product from a confirmed-positive donor (110 total
recipients tested; however, only nine received PLTs).

Kirchhoff and colleagues' describe a serologic
screening study in Mexico that revealed an overall 0.75%
prevalence of T cruzi infection in blood donors at five
regional blood centers. Recipient tracing investigations
were performed at one center in Guadalajara where the
prevalence in blood donors was 0.79%. Four of nine (44%)
recipients of either whole blood (two) or PLTs (two) from
infected donors were found to be serologically positive.
The authors concluded that transfusion transmission had
occurred based on a significant difference between the
rate of positive findings in the tested recipients and thatin
the donor population, of which 83% were less than 35
years old. No further details on the donors or recipients,
including the recipients’ pretransfusion serologic status,
age, and underlying disease, or the prevalence of T. cruzi
in the general patient population, were provided. Direct
demonstration of T. cruzi infection by PCR or microscopy
was not performed in either the donor or the recipient
populations in this study. Thus, evidence for transfusion
transmission is regarded as possible in these cases.

Two other cases of suspected T. cruzi transmission are
reported by Villalba and colleagues' in Cordoba, Spain,
and by Cimo and colleagues'® in Houston, Texas, based on
the detection of clinical infection in multiply transfused
patients with no reported history of other risk factors for
infection. However, investigation of the blood donor
population was incomplete and no infected donors were
identified, leading to the conclusion of possible transfu-
sion transmission.

The relatively sparse number of reports of
transfusion-transmitted T. cruzi in North America and
Spain, and the absence of definite cases implicating trans-
fusions involving blood products other than PLTs, raises a
question regarding the relative infectivity of components
from infected donors. In addition to the transfusion-
transmitted cases identified by recipient tracing described
above, at least six other reports of recipient tracing studies
have failed to identify additional cases of transfusion
transmission.'®!9*#-2 In total, it is noteworthy that only
six definite transfusion transmission cases have been
identified through recipient tracing of 350 recipients, sug-
gesting an overall infectivity of 1.7% (95% CI, 0.7%-3.5%)
for recipients exposed to blood components from sero-
positive donors (Table 2). While the full breakdown of
component type is incomplete, available data allow us to
calculate the infectivity risk for 0 of 197 RBC units (0.0%
[95% CI, 0.0%-1.5%]); 6 of 45 PLTs (13.3% [95% CI, 5.6%-
25.7%]); and 0 of 80 frozen plasma or cryoprecipitate units
(0.0% [95% CI, 0%-3.7%]).
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TABLE 2. Outcomes of successful recipient tracing investigations on prior donations from donors found to be
infected with T. cruzi either after identification of an index clinical case or by serologic screening of blood

donors in the research or routine operations setting

Transfused and investigated

Report Totalt components RBCs PLTs Plasma or cryoppt Whole blood
1. Grant etal., 1989" 5

2. Kerndt et al., 1991 7 1

3. Leiby et al., 1999* 1 1*

4. Leiby et al., 1999% 1 1

5. Leiby et al., 2002 18 1 2 5

6. Abalo et al., 20077 2 1 : L

7. Kessler et al., 2008° 4 2 ol

8. Perez de Pedro et al., 2008° 8 i

9. Ozaeto Orrono et al., 2008° 2 1 1*
10. Fearon et al., 2011% 48 30 6 12
11. FDA BPAC, 2011% 254 152 ' 30% 62 3
Totals 350 197 45 80 3

Cryoppt = cryoprecipitate.

* Positive recipient tracing investigations with definite infected recipients identified.
1 Total component count does not correspond to the individual component count due to missing data in the referenced publications.
t A single possible transfusion transmission case is excluded from this analysis.

DISCUSSION

In December 2006, the FDA licensed the first blood
screening test for antibodies to T. cruzi that has been used
with a laboratory-developed test (RIPA) for confirmation
of repeat reactivity."* The BPAC met to discuss the devel-
opment of guidance for blood donation screening in April
2007. The FDA released draft guidance for universal
testing in March 2009 and then final guidance in Decem-
ber 2010 allowing a selective testing model where donors
need only test negative one time to be qualified for all
future donations. Evidence in favor of blood donation
screening includes a significant prevalence of T cruzi
seropositivity in blood donors, especially in regions of the
United States with substantial Latin American immigrant
populations. In the late 1990s prevalence rates were as
high as 1 in 7500 in Southern California donors and 1 in
9000 in donors in Miami;?**° current data reflect rates of 1
in 6800 and 1 in 5000, respectively (ARC internal data).
Furthermore, prior reports from endemic countries sug-
gested that approximately 12% to 20% of components
from seropositive donors transmit infection, including
whole blood, RBCs, PLTs, white blood cells (WBCs), FFPB
and cryoprecipitate.® Selective one-time testing of all US
blood donors was supported by BPAC and incorporated
into final FDA guidance based on the paucity of evidence
for incident or autochthonous infections in the United
States and the low overall rate of transfusion transmission
demonstrated by recipient tracing following the first
4 years of testing."*

In Spain, a European country with a high immigration
rate from South America, a Royal Decree was issued in
2005 whereby the Spanish Ministry of Health required the
exclusion or testing of donors born in endemic countries,
the children or grandchildren of mothers born in those

countries, or donors with a history of having resided or
being transfused in those areas.?*** Both blood providers
in Canada recently implemented similar measures, after
the report of two transfusion-transmitted cases.*!?

Since January 2007, more than half of the US blood
supply, consisting of more than 20 million transfused
components derived from approximately 10.9 million
donors each year,*® has been tested. A total of 1456 RIPA-
confirmed-positive donors were identified by August
2011, according to the AABB Chagas Biovigilance Net-
work,* for a mean rate of approximately 1:25,000 to
1:30,000 donors tested, consistent with prior reports.'#2028
Substantially higher rates are apparent in areas of the
country with larger immigrant populations from Mexico
and South and Central America.

Despite the relatively high prevalence of T. cruzi
infection in the United States, evidence of transfusion
transmission is sparse. Only five cases (three definite,
one probable, and one possible transmission case) were
reported in the United States between 1987 and 2011,
with recipient tracing identifying another two definite
and one possible case after the introduction of routine
donor testing. It has been suggested that acute T. cruzi
infection may often be subclinical and that it may only
be recognized in highly immunocompromised patients.
Thus, transfusion transmission may be significantly
underreported.® Clinical cases confirm the propensity
for diagnosis in immunocompromised patients; how-
ever, recipient tracing has failed so far to identify a sub-
stantial number of seropoesitive recipients, recognizing
that the number of PLT recipients tested is limited (e.g.,
only nine over 4 years at the ARC). In any event, it is
desirable to reassess the available data in support of
T. cruzi transfusion transmission and resulting screening
policies.
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Review of 20 cases derived from 15 reports confirms
that there is strong evidence for transfusion transmission;
however, all cases where a component was identified
involved either PLTs (from both whole blood and apher-
esis) or whole blood. Leukoreduction and/or irradiation of
PLT components do not appear to prevent transmission.
The patients detected clinically were immunocompro-
mised and under treatment for oncologic diseases and
thus more likely to receive PLT products. Donors involved
in transmission cases were invariably born in endemic
areas of South and Central America or Mexico and
donated blood across the geography of North America or
Spain. In the United States and Canada, there is little evi-
dence of increased transmission risk from donations in
those areas of the country having the highest proportion
of immigrant donors from endemic countries, or from
areas at risk for autochthonous transmission, as evi-
denced by cases in New York, Rhode Island, Manitoba, and
Tennessee versus a high concentration of infected donors
in California, Florida, and Texas.

There is no evidence in this review of published cases
and recipient tracing that plasma, cryoprecipitate, or
RBCs transmit T, cruzi infection. The evidence for whole
blood transmission relies on statistical comparisons of
infection rates in donors and patients in Mexico, but
transmissibility cannot be excluded. It should be noted
that in Mexico, as in much of Latin America, the use of

replacement donors remain and the transfusion of “fresh”

whole blood within days of collection is much more
common than in the United States.

The relative paucity of reports of transmission in
Mexico is difficult to understand. T cruzi is endemic in
many parts of Mexico and screening of blood donors has
revealed a seroprevalence that varies from 0.37% to 7.7%,
with a mean of 1.5% in 18 government blood centers in
various states.'*# Tt seems reasonable to assume that
this is due to underreporting and the difficulty in diagnos-
ing transfusion transmission in endemic areas.

The risk of a donor with serologic evidence of T. cruzi
infection transmitting infection is unknown, but appears
to be low. In aggregate, recipient tracing has identified
only six confirmed cases in 350 patients transfused and
tested, for an overall infectivity rate of 1.7% (95% CI, 0.7%-
3.5%). How do we reconcile the data from nonendemic
countries suggesting low. transmissibility with historical
reports of higher transmissibility in endemic countries? It
may be that prior estimates are incorrect, that the risk
has changed over time, that the risk of transmission varies
with different geographical strains of T. cruzi, or a combi-
nation of the above. First, we must acknowledge the diffi-
culty in assessing transmission in endemic areas, The
widely quoted rate of 12% to 20% transmission is based on
estimates published by the World Health Organization in
1980 followed by a review of the evidence basis by Schmu-
higin 1991 %R
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The early studies often relied on comparisons of
infection rates in donor and multiply transfused patient
populations as evidence of transmission. The assertion
that recipients with higher rates of infection reflected
transfusion transmission is likely to be confounded by the
fact that infection may have occurred decades ago in rural
areas of endemic countries before effective vector control.
In addition, because Chagas disease is a chronic infection
with long-term sequelae that may require transfusion, and
that most blood is transfused to the elderly, infection is
more likely to be recognized in transfused patients versus
blood donors who are generally much younger.'®'” These
studies cannot confirm infection because there was no
pretransfusion sample, which is necessary to prove sero-
conversion indicative of transmission.*® In addition,
proof of transfusion transmission is especially difficult
as serologic conversion may occur 3 or more months
after transfusion transmission, requiring PCR testing or
hemoculture to make a diagnosis.* Thus, the accuracy of
early reports of infectivity from endemic areas should be
questioned. Indeed, at least one study stated the risk of
transmission from a single transfusion is 0.15% to 0.6%,
which is consistent with our current observations.*”#

Second, the assumed 12% to 20% rate of transmis-
sion was established by studies performed before 1980.'7
During that period, the use of paid and/or replacement
donors and the transfusion of fresh whole blood or non-
leukoreduced blood was more likely than is currently the
case. With the move to modern RBC storage solutions,
prolonged storage times, and widespread leukoreduction
by filtration, the risk of transfusion transmission may
have changed over time. Transmission by PLTs shows
that T. eruzi organisms can survive in anticoagulant solu-
tion with storage up to 5 days at room temperature and
that leukoreduction and irradiation may reduce but do
not eliminate the risk. The absence of transmission by
RBCs or noncryopreserved frozen products suggests that
the organisms are either removed during whole blood
processing and/or do not survive storage or freezing
well.* T. cruzi exists exclusively as an extracellular para-
site in the blood and may be particularly susceptible to
processing and storage conditions. Dzib and coworkers®
showed that leukoreduction by centrifugation reduces
but does not eliminate T. cruzi contamination from RBC,
buffy coat, and PLT fractions while Moraes-Souza and
colleagues*¥*! showed similar data for leukoreduction by
filtration. Alternatively, Hernandez-Becerril and cowork-
ers®! found that while 41% (12 of 29 donors) of seroposi-
tive donors in Mexico City were also positive by PCR and
10% (2 of 29 donors) by hemoculture, suggesting active
parasitemia, they were unable to detect any parasitemia
in 70 RBC and PLT components prepared from blood
donations from similar donors. The authors suggest that
processing of whole blood may diminish the parasite
burden in blood components by eliminating the WBC-



rich fraction. Given that RBCs are usually transfused after
longer storage periods than PLTs, it is entirely possible
that the decreased infectivity for RBC products com-
pared to PLTs is due to organism attrition during pro-
cessing and storage.

Finally, Leiby and colleagues™ suggest that different
strains of T. cruzi may pose varying risks of transmission.
Most of the immigrant population in Spain where a
number of cases of transfusion transmission have been
documented is derived from South America where T. cruzi
(Tc) Lineages Il to VI predominate, whereas the immigrant
population in the United States, where the rate of trans-
mission is low, is more likely to hail from Mexico and
Central America where Tc Lineage I is found. The authors
report a significantly higher rate of hemoculture positivity
with Tc Lineage 11 to VI (11 of 24 [45.8%]) versus Tc Lineage
I (2 of 90 [2.2%]). Higher levels of parasitemia with Tc
Lineages II to VI may explain the higher rates of transmis-
sion in countries where immigration from South America
predominates. A study conducted by the Centro de Trans-
fusién de Cruz Roja Espafola en Madrid provides further
support for this hypothesis: 15 of 49 (30.6%) blood donors
found to be T. cruzi antibody positive were also positive
by hemoculture, with parasite levels between 1 and 10
parasites/mL. These donors were all born in South
America and most were from Bolivia (E. Castro, unpub-
lished data).

Serologic testing for T. cruzi adds significantly to the
cost of providing blood products to patients while adding
little safety benefit, given the sparse evidence for trans-
fusion transmission. For these reasons, Spain and
Canada have restricted testing to the small subset of
donors who acknowledge risk factors for infection. In US
studies, Leiby and colleagues® showed that donor
country of birth and time in endemic countries were
informative donor history determinants, but Custer and
colleagues® found that they were only able to identify
75% ol confirmed T cruzi infections, suggesting that
donor history would have limited utility as a safety
measure in the United States.

The FDA has released guidance recommending selec-
tive donor testing on one occasion, based on the absence
of evidence for incident infections in the US donor popu-
lation.?' Our analysis now suggests that before any testing,
the risk of transfusion transmission was restricted to PLT
(and possibly fresh whole blood) transfusions. Selective
testing of only these donations would constitute a level of
safety that could eliminate any measurable risk of trans-
fusion transmission of T. cruzi, while conserving resources
for other interventions with higher recipient impact (e.g.,
Babesia microti).

CONFLICT OF INTEREST

None.

T. cruzi INFECTION IN NORTH AMERICA AND SPAIN

10.

Il

12.

13.

14.

REFERENCES

Bern C, Montgomery SP, Katz L, Caglioti S, Stramer SL.
Chagas disease and the US blood supply. Curr Opin Infect
Dis 2008;21:476-82.

Leiby DA, Herron RM Jr, Read EJ, Lenes BA, Stumpf R].
Trypanosoma cruzi in Los Angeles and Miami blood
donors: impact of evolving donor demographics on sero-
prevalence and implications for transfusion transmission.
Transfusion 2002;42:549-55.

Lane DJ, Sher GD, Ward B, Ndao M, Leiby D, Hewlett B,
Bow E. Investigation of the second case of transfusion
transmitted Chagas disease in Canada [abstract]. Blood
2000;96(Pt 1):60a.

Leiby DA, Lenes BA, Tibbals MA, Tames-Olmedo MT. Pro-
spective evaluation of a patient with Trypanosoma cruzi
infection transmitted by transfusion. N Engl ] Med 1999;
341:1237-9.

Perez de Pedro I, Martin Rico P, Santamaria S, Faez Y,
Blanc P, Jesus Pascual M, Angeles Cuestra M, Munoz Perez
MI, Carmen Villaita M, Vidales I, Heiniger Al. Caso clinico
de enfermedad de Chagas transfusional. Emf Emerg 2008;
10(Suppl 1):14-8. :

Geiseler PJ, Ito JI, Tegtmeier BR, Kernt PR. Fulminant
Chagas disease (CD) in bone marrow transplantation
(BMT). 27th ICAAC 1987;(Abstract 418):169.

Abalo A, Adelantado M, Areal C, Castrillo A, Castro A, Cid J,
Eiiras A, Flores J, Cabrera J. Tracing of one year of Chagas
screening at the Centro de Transfusion de Galicia (C.T.G.).
Concerning a positive blood donor. Vox Sang 2007;93:140,
Abstract P-235.

Kessler D, Grima KM, Hillyer CD. Chagas transmission
identified by lookback. Transfusion 2010;50(Suppl 1):
Abstract 31A.

Ozaeto Orrono S, Rezola Llama AR, Ruiz Rodriguez M,
Bejarano de Prado R, Ibarra Fontan A. Enfermedad de
Chagas Y donacion. XIX Congreso Nacional de la SETS
2008;Abstract 51-05.

Cimo PL, Luper WE, Scouros MA. Transfusion-associated
Chagas disease in Texas: report of a case. Tex Med 1993,89:
48-50.

Grant IH, Gold JW, Wittner M, Tanowitz HB, Nathan C,
Mayer K, Reich L, Wollner N, Steinherz L, Ghavimi F,
O'Reilly RJ, Armstrong D. Transfusion-associated acute
Chagas disease acquired in the United States. Ann Intern
Med 1989;111:849-51.

Nickerson P, Orr P, Schroeder ML, Sekla L, Johnston JB.
Transfusion-associated Trypanosoma cruzi infection in a
non-endemic area. Ann Intern Med 1989;111:851-3.
Flores-Chavez M, Fernandez B, Puente S, Torres P,
Rodriguez M, Monedero C, Cruz I, Gdrate T, Canavate C.
Transfusional Chagas disease: parasitological and serologi-
cal monitoring of an infected recipient and blood donor.
Clin Infect Dis 2008;46:e44-7.

Villalba R, Fornes G, Alvarez MA, Romaén ], Rubio V,

Volume **, ** ** TRANSFUSION 7



BENJAMIN ET AL.

15

16.

1%7.

18.

19,

20.

2.

22.

23

24,

25.

26.

Ferndndez M, Garcia JM, Vifials M, Torres A. Acute Chagas
disease in a recipient of a bone marrow transplant in
Spain: case report. Clin Infect Dis 1992;14:594-5.

Young C, Losikoff P, Chawla A, Glasser L, Forman E.
Transfusion-acquired Trypanosoma cruzi infection. Trans-
fusion 2007;47:540-4.

Kirchhoff LV, Paredes P, Lomeli-Guerrero A, Paredes-
Espinoza M, Ron-Guerrero CS, Delgado-Mejia M, Pefia-
Mufioz ]G. Transfusion-associated Chagas disease
(American trypanosomiasis) in Mexico: implications for
transfusion medicine in the United States. Transfusion
2006;46:298-304.

Schmunis GA. Prevention of transfusional Trypanosoma
cruzi infection in Latin America. Mem Inst Oswaldo Cruz
1999;94(Suppl 1):93-101.

Stramer SL, Townsend RL, Foster GA, Krysztof DE, Noedel
P, Caglioti SG, Nguyen I, Procter C, Leiby DA. U.S. blood
donor screening for Typanosoma cruzi: clinical studies and
first year experience. Vox Sang 2008;95(Suppl 1):74-326.
FDA. Food and Drug Administration Blood Product Advi-
sory Committee. April 1-2, 2009. [cited 2012 Jan 23]. Avail-
able from: URL: http://www.fda.gov/AdvisoryCommittees/
CommitteesMeetingMaterials/BloodVaccinesandOther
Biologics/BloodProductsAdvisoryCommittee/ucm121612.
htm

Stramer SL, Foster G, Townsend R, Krysztof D, Notari EP
IV, Trouern-Trend ], Bodsky J, Lenes B, Nguyen M, Bet A,
Leiby D, Roualt C, Dodd R. Trypanosoma cruzi antibody
screening in US blood donors: one year experience at the
American Red Cross. Transfusion 2008;48(Suppl 25):2a.
Abstract P5-020A.

Stramer SL, Notari EP IV, Townsend RL, Custer B, Kamel H,

Busch MP, Dodd RY. No evidence of Trypanosoma cruzi
incidence in US blood donors: a 4-year study. Transfusion
2011;51(Suppl 38):1A. Abstract P1-020A.

Castro E. Chagas’ disease: lessons from routine donation
testing. Transfus Med 2009;19:16-23.

O'Brien SF, Chiavetta JA, Fan W, Xi G, Yi QL, Goldman M,
Scalia V, Fearon MA. Assessment of a travel question to
identify donors with risk of Trypanosoma cruzi: operational
validity and field testing. Transfusion 2008;48:755-61.

FDA. Food and Drug Administration Blood Products Advi-
sory Committee. August 2-3, 2011. [cited 2012 Jan 23].
Available from: URL: http://www.fda.gov/Advisory
Committees/ CommitteesMeetingMaterials/Blood
VaccinesandOtherBiologics/BloodProductsAdvisory
Committee/ucm247665.htm

CDC. National Healthcare Safety Network imputability cri-
teria. 2011. [cited 2011 Jan 21]. Available from: URL: http://
www.cdc.gov/nhsn/PDFs/Biovigilance/BV-Protocol-1-3-1-
June-2011.pdf

Flores-Figueroa ], Okhuysen PC, von Sonnenburg F,
DuPont HL, Libman MD, Keystone JS, Hale DC, Burchard
G, Han PV, Wilder-Smith A, Freedman DO; GeoSentinel
Surveillance Network. Patterns of iliness in travelers visit-

8 TRANSFUSION Volume **, ** **

27

28.

29.

30.

31.

32.

33.

34,

35.

36.

37,

38.

40.

ing Mexico and Central America: the GeoSentinel experi-
ence. Clin Infect Dis 2011;53:523-31."

Dean AG, Sullivan KM, Soe MM. OpenEpi: open source
epidemiologic statistics for public health, version 2.3.1.
2008.

Stramer L, Townsend L, Foster A, Krysztof E, Leiby DA,
Brodsky P, Roualt Ch, Lenes A, Dodd RY. Experience with
selective testing for antibodiy to Trypanosoma cruzi follow-
ing validation using universal testing, Vox Sang 2010;
99(Suppl 1):313-4.

Leiby DA, Read EJ, Lenes BA, Yund AJ, Stumpf R], Kirchhoff
LV, Dodd RY. Seroepidemiology of Trypanosoma cruzi,
etiologic agent of Chagas’ disease, in US blood donors.

] Infect Dis 1997;176:1047-52.

Leiby DA, Fucci MH, Stumpf R]. Trypanosoma cruziin a
low- to moderate-risk blood donor population: seropreva-
lence and possible congenital transmission. Transfusion
1999;39:310-5.

Kerndt PR, Waskin HA, Kirchhoff LV, Steurer F, Waterman
SH, Nelson JM, Gellert GA, Shulman IA. Prevalence of anti-
body to Trypanosoma cruzi among blood donors in Los
Angeles, California. Transfusion 1991;31:814-8.

Fearon M, Scalia V, Dines IR, Huang M, Hawes G, Ndao M.
Chagas selective testing screening. Transfusion 2011;
51(Suppl 1):29A. Abstract S63-030F.

Centers for Disease Control and Prevention (CDC). Blood
donor screening for Chagas disease—United States, 2006-
2007. Morb Mortal Wkly Rep 2007;56:141-3.

Schmunis GA, Yadon ZE. Chagas disease: a Latin American
health problem becoming a world health problem. Acta
Trop 2010;115:14-21.

Ministry of Health. Real Cedreto 1088/2005 por el que se
establecen los requisitos tecnicos y condiciones minimas
de la hemodonacion y de los centros y servicios de trans-
fusion del 20 de septiembre de 2005. Boletin Oficial del
Estado 2005;225:31288-304.

Whitaker BI, Green ], King MR, Leiberg LL, Mathew SM,
Schlumpf KS, Schreiber GB. The 2007 national blood col-
lection and utilization survey. 2008. [cited 2010 Oct 9].
Available from: URL: http://www.hhs.gov/ophs/
bloodsafety/2007nbcus_survey.pdf

American Association of Blood Banks. AABB Chagas’
disease biovigilance network. 2011. [cited 2011 Aug 26].
Available from: URL: http://wwwaabborg/programs/
biovigilance/Pages/chagasaspx

Schmunis GA. Trypanosoma cruzi, the etiologic agent of
Chagas’ disease: status in the blood supply in endemic and
nonendemic countries. Transfusion 1991;31:547-57.
Galaviz-Silva L, Molina-Garza DP, Gonzalez-Santos MA,
Mercado-Hernandez R, Gonzdlez-Galaviz JR, Rosales-
Encina JL, Molina-Garza Z]. Update on seroprevalence of
anti-Trypanosoma cruzi antibodies among blood donors in
northeast Mexico. Am ] Trop Med Hyg 2009;81:404-6.
Ramos-Ligonio A, Ramirez-Sanchez ME, Gonzalez-
Hernandez JC, Rosales-Encina JL, Lopez-Monteon A.



41.

42,

43.

44,

45.

46.

[Prevalence of antibodies against Trypanosoma cruzi in
blood bank donors from the IMSS General Hospital in
Orizaba, Veracruz, Mexico]. Salud Publica Mex 2006;48:13-
21,

Hernandez-Becerril N, Mejia AM, Ballinas-Verdugo MA,
Garza-Murillo V, Manilla-Toquero E, Lépez R, Trevethan S,
Cardenas M, Reyes PA, Hirayama K, Monteén VM. Blood
transfusion and iatrogenic risks in Mexico City. Anti-
Trypanosoma cruzi seroprevalence in 43,048 blood donors,
evaluation of parasitemia, and electrocardiogram findings

.in seropositive. Mem Inst Oswaldo Cruz 2005;100:111-6.

Sanchez-Guillen MC, Barnabe C, Guegan JF, Tibayrenc M,
Veldsquez-Rojas M, Martinez-Munguia J, Salgado-Rosas H,
Torres-Rasgado E, Rosas-Ramirez MI, Pérez-Fuentes R.
High prevalence anti- Trypanosoma cruzi antibodies,
among blood donors in the State of Puebla, a non-endemic
area of Mexico. Mem Inst Oswaldo Cruz 2002;97:947-52.
Monteon-Padilla VM, Hernandez-Becerril N, Guzman-
Bracho C, Rosales-Encina JL, Reyes-Lopez PA. American
trypanosomiasis (Chagas’ disease) and blood banking in
Mexico City: seroprevalence and its potential transfusional
transmission risk. Arch Med Res 1999;30:393-8.

Trujillo Contreras F, Lozano Kasten F, Soto Gutierrez MM,
Hernandez Gutierrez R. [The prevalence of Trypanosoma
cruzi infection in blood donors in the state of Jalisco,
Mexico]. Rev Soc Bras Med Trop 1993;26:89-92.

Wendel S. Chagas disease: an old entity in new places. Int ]
Artif Organs 1993;16:117-9.

Leiby DA, Rentas FJ, Nelson KE, Stambolis VA, Ness PM,
Parnis C, McAllister HA Jr, Yawn DH, Stumpf RJ, Kirchhoff
LV. Evidence of Trypanosoma cruzi infection (Chagas’

T. cruzi INFECTION IN NORTH AMERICA AND SPAIN

47.

48.

49.

50.

118

52,

53.

disease) among patients undergoing cardiac surgery. Cir-
culation 2000;102:2978-82.

Atias A, Lorca M, Canales M, Mercado R, Reyes V, Child R.
Chagas disease: transmission by blood transfusion in Chile
(Spanish). Bol Hosp San Jaun De Dios (Santiago) 1984;31:
301-6.

Lorca M, Lorca E, Atias A, Plubins L. [Chagas disease in
patients in chronic hemodialysis. Prevalence and risk of
transmission by blood transfusion]. Rev Med Chil 1989;
116:509-13.

Girones N, Bueno JL, Carrion ], Fresno M, Castro E. The
efficacy of photochemical treatment with methylene blue
and light for the reduction of Trypanosoma cruzi in
infected plasma. Vox Sang 2006;91:285-91.

Dzib D, Hernandez VP, Ake BC, Lopez RA, Monteon VM.
Leukoreduction by centrifugation does not eliminate Try-
panosoma cruzi from infected blood units. Vector Borne
Zoonotic Dis 2009;9:235-41.

Moraes-Souza H, Bordin JO, Bardossy L, MacPherson DW,
Blajchman MA. Prevention of transfusion-associated
Chagas disease: efficacy of white cell-reduction filters in
removing Trypanosoma cruzi from infected blood. Transfu-
sion 1995;35:723-6.

Leiby DA, Nguyen L, Procter C, Townsend L, Stramer SL.
Impact of Trypanosoma cruzi phylogenetic lineage on
transfusion transmission in the United States [abstract].
Vox Sang 2011;99(Suppl 1):64.

Custer B, Agapova M, Biswas HH, Busch MP, Tomasulo P,
Kamel H. Do pre-donation questions identify donors at
higher risk for Trypanosoma cruzi infection? Transfusion
2009;49(Suppl 1):17A. Abstract $37-020D. O

Volume **, ** ** TRANSFUSION 9



	資料２
	資料２別添.pdf



