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Abstract

Background: Emigration of people infected with Trypanosoma cruzi to non-endemic areas has resulted in transfusion
transmission to immunocompromised recipients. We studied the feasibility of inactivating T. cruzi using a new technology
which utilizes riboflavin as a photosensitizer in combination with UV light, Mirasol PRT.

Methods: One billion T. cruzi organisms and 30 mL of 500 lM riboflavin were added to each of six units of human
plasma and six units of platelets. To determine the level of detection of organism, a sample of each unit was cultured
in tenfold serial dilutions beginning with 100 billion/250 mL as the starting culture. After 30 min, each unit was illuminated
with 5.9 J/cm2 of UV light (6.24 J/mL). The units were then cultured again in tenfold serial dilutions post-treatment.

Results: A 6 log reduction of pathogens was demonstrated in 5 of 6 units of plasma, and a 7 log reduction of pathogens
was demonstrated in one unit. A 6 log reduction of pathogens was demonstrated in 3 of 6 units of platelets, a 7 log reduc-
tion was demonstrated in 2 of 6 units of platelets, and an 8 log reduction of pathogens was demonstrated in 1 of 6 units.

Conclusions: Mirasol PRT treatment demonstrated an ability to inactivate 5–7 logs of T. cruzi in plasma and platelets.
� 2007 Published by Elsevier Ltd.
1. Introduction

Chagas’ disease is caused by the flagellated pro-
tozoan parasite Trypanosoma cruzi and is transmit-
ted to humans via the bite of the reduvid bug. This
disease is endemic in Latin America where efforts
have been effective in reducing the number of vector
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insects, making transfusion the main route of trans-
mission in endemic and non-endemic countries [1–
3]. Emigration of people infected with T. cruzi to
non-endemic countries has resulted in cases of
transfusion transmission of Chagas’ disease in
immunocompromised recipients [1,2,4–7]. Congeni-
tal transmission and transmission through organ
transplantation have also occurred [1].

Nationwide estimates in the United States indi-
cate that 1 in 25,000 blood donors is infected with
T. cruzi with local seroprevalence up to 4–5 times
higher in areas like Los Angeles and Miami where
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the number of Latin American immigrants is high
[7]. In Miami 1 out of 8800 donors was found to
be infected with T. cruzi, and 1 of 650 donors with
Spanish surnames was found to harbor T. cruzi
[8]. It has been estimated that more than 100 cases
of transmission of T. cruzi transmission by transfu-
sion occur in the United States each year [8]. Donor
testing for T. cruzi is conducted in Latin America,
but screening is not carried out in the United States,
Canada, and Europe where the number of infected
donors is rising [8,9]. The US Food and Drug
Administration has recently approved a screening
test for T. cruzi, but this test has not yet been imple-
mented in donor screening.

Several strategies have been developed for the
inactivation or removal of T. cruzi from blood prod-
ucts. Some of these have been implemented in coun-
tries where disease transmission by transfusion is a
significant route of transmission. The strategies
include the use of chemical and photochemical
methods, including gentian violet [10], crystal violet
[11], ethyleneimine derivatives [12], phenothiazine
dyes [13], psoralens [14], hypochloride and nitrite
related radicals [15], phthalocyanines [16], and white
cell reduction by filtration [17].

Leukodepletion filters have been shown to
remove T. cruzi from blood products by mechani-
cal means [5] and by direct adherence to filter fibers
[6], but have been only partially effective [7,8]. Lev-
els of 6 log removal have been reported, but the
disease was still transmitted in 30–50% of animals
given T. cruzi infected (2 parasites/mL) filtered
blood [17]. The effectiveness was also shown to be
dependent on the starting level of organisms in
the blood.

Gentian violet addition to blood products has
been practiced in endemic areas in an attempt to
eliminate transmission [10]. The compound has
both a light activated and a dark chemistry associ-
ated with adverse effects on pathogen mitochondrial
oxidative phosporylation activity. The same
mechanism has been associated with crystal violet,
phenothiazine dyes, and hypochloride and nitrite
related radicals [11,13,15]. Each of these agents
inactivates the pathogen primarily by interfering
with one or more metabolic pathways associated
with normal parasite development and viability.
Infusion of residual levels of these compounds thus
poses a potential toxicological concern since human
cellular systems rely on similar metabolic pathways
for maintenance of normal cell function and
activity.
Psoralen, pthalocyanine, and ethyleneimine
derivatives are believed to prevent replication pro-
cesses in the parasite by damaging nucleic acids thus
preventing pathogen reproduction and disease trans-
mission [12,14,16]. Several chemical modes of action
are involved which require activation by photochem-
ical or chemical means, but all primarily result in
irreversible and irreparable damage to the parasites’
genetic material. These approaches have the benefit
of having more specific action since the Chagas par-
asite is more selectively targeted in blood products
such as platelets, plasma and red blood cells where
genomic nucleic acids are not present or necessary
for normal function and activity. Residual levels of
these agents are often removed or quenched prior
to re-infusion due to concerns regarding potential
mutagenic action in the recipient.

This research was undertaken to study the feasi-
bility of inactivating T. cruzi using a new technol-
ogy which utilizes riboflavin as a photosensitizer
in combination with UV light (MIRASOL Patho-
gen Reduction Technology (PRT) System for Plate-
lets and Plasma, Navigant Biotechnologies,
Lakewood, CO). A different procedure is under
development for the treatment of erythrocytes.
Riboflavin (Vitamin B2) is a dietary nutrient with
known pharmacokinetic and toxicology profiles
[18–20]. Riboflavin can rapidly traverse lipid mem-
branes where it non-specifically intercalates with
nucleic acids. Upon exposure to light, the riboflavin
causes modification of the nucleic acid present in
pathogens and white cells through oxidation of
guanine residues and generation of reactive oxygen
species. Due to these photochemical processes, the
nucleic acids of pathogens in blood products under-
going this treatment are rendered unable to repli-
cate [21]. This technology takes advantage of the
fact that in contrast to microorganisms, all the
components of blood which are advantageous to
transfuse do not require intact DNA for efficacy
after transfusion. This method has been successful
in the inactivation of intracellular and extracellular
viral and bacterial pathogens in plasma and platelet
concentrates and parasites such as Leishmania and
malaria, and has been successful in the presence of
high white cell loads or significant red cell contam-
ination [22–28]. This treatment does alter plasma
and platelet quality to some extent. The extent of
these alterations is undergoing evaluation. This is
a proof of concept study which was designed to
show activity against an additional transfusion
transmitted parasitic agent, T. cruzi.
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2. Materials and methods

2.1. Collection of platelets and plasma

Within an approved human use protocol, six
units of plasma and six units of platelets were col-
lected from normal volunteers by apheresis using a
COBE Spectra Cell Separator (Gambro BCT, Lake-
wood, CO). Methods used were identical to those of
the Donor Center at Walter Reed Army Medical
Center Blood Bank Donor Center according to
American Association of Blood Banks (AABB)
and Food and Drug Administration (FDA) guide-
lines. Each unit consisted of 250 mL of blood prod-
uct. Platelet units contained 2.5 · 1011–4.0 · 1011

platelets and less than 1 · 106 leukocytes per mL,
at the time of collection, before spiking with T. cruzi.

2.2. Trypanosoma organisms

T. cruzi, WR-2327, was characterized at Walter
Reed Army Institute of Research to confirm the spe-
cies using cellulose acetate electrophoresis of isoen-
zymes [29].

2.3. Maintenance of Trypanosoma stock cultures

T. cruzi were cultured at 22 �C in Schneider’s
Drosophila medium (Invitrogen, Carlsbad, CA) sup-
plemented with 30% heat inactivated fetal calf serum
(Invitrogen). Parasites were maintained in logarith-
mic phase by seeding at 2 · 106/mL. Stationary
phase trypomastigotes were obtained when cultures
approached 2 · 107/mL. Cell counts were made by
counting cell numbers in a hemocytometer. One bil-
lion T. cruzi parasites contained in 1 mL Schneider’s
were used to infect each unit of plasma or platelets.

Under an approved animal protocol, parasite
cultures of typomastigotes are injected into Balb C
mice and Syrian golden hamsters on a monthly basis
to assure infectivity and quality control. Upon dem-
onstration of symptoms of infection, or after 30
days, animals are sacrificed. Cultures are obtained
and cellulose acetate electrophoresis of isoenzymes
is performed to verify species and infectivity.

2.4. Evaluation of T. cruzi cultures

Cultures were read every day for a period of 28
days using an inverted microscope with a 40· objec-
tive (Olympus CKX41, Tokyo, Japan). Fields
within each flask were examined to identify a mov-
ing organism if present. Upon demonstration of any
mobile trypomastigotes, the culture was considered
positive. If none were detected after 28 days, the cul-
ture was considered negative.

2.5. Storage of blood products

Pre-treatment units were stored under blood
bank conditions, platelets at 22 �C under gentle agi-
tation prior to treatment. Plasma was stored at
�20 �C.

2.6. Reagents

The Mirasol PRT System contains riboflavin
(500 lM) in a 0.9% sodium chloride solution with
pH adjusted to 4.0–5.0. The solution is non-pyro-
genic and is sterilized by autoclaving under GMP
manufacturing conditions. The solution is packaged
in a disposable polyolefin bag and opaque foil
pouch in order to maintain appropriate solution sta-
bility through the sterilization process and to pro-
tect it from ambient light. The concentrated
solution produced in this way is such that when
combined with the platelets or plasma, the ribofla-
vin is diluted to the appropriate concentration
(50 lM) for pathogen reduction treatment.

2.7. Transfer of blood products

The bag containing platelets or plasma was con-
nected to the pathogen reduction illumination/stor-
age bag [Extended Life Platelet, ELPTM] using a
Terumo Sterile Tubing Welder. Following sterile
connection, 250 mL platelet or plasma product
was transferred to the bag containing 30 mL of ribo-
flavin solution (500 lM). Transfer tubing was sealed
using a Sebra hand held, radio frequency (RF) tub-
ing sealer. Following connection, the two bags were
separated and the original collection bag was dis-
carded. Each platelet or plasma product to be trea-
ted contained 280 mL of 90% blood product in a 1-l
citrate-plasticized, polyvinyl Chloride (PVC) ELP
bag with a surface area of 347 cm2 per side. The
bag is labeled on one side, which results in a total
surface area of 590 cm2 through which light can
reach the bag contents.

2.8. Ultraviolet illumination

The MIRASOL PRT System device is composed of
an illuminator, driven by a dedicated software
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program. UV lamps in the illuminator contain a broad-
band phosphor with output ranging from 265 to
370 nm, and are positions above and below the
product chamber. A dedicated fan cools both the
lamp chambers and the product chamber. The illu-
minator delivers 6.24 J/mL UV light to the labeled
platelet or plasma product (as measured by an opti-
cal associated incorporated (OAI) power meter).
The platelet or plasma product is placed in the prod-
uct chamber for mixing (on a motorized platen) and
exposure to light. Units were illuminated for 12 min.

2.9. Culture of blood products

Prior to and after illumination 2 mL of blood
product was removed from each bag using sterile
Table 1
Pathogen inactivation of platelet concentrates infected with 1 billion T

Growth of organism Pre-treatment

Unit 1 2 3 4 5

Log dilution

0 + + + + +
1 + + + + +
2 + + + + +
3 + + + + +
4 + + + + +
5 + + + + +
6 � + � � +
7 � � � � �
8 � � � � �
9 � � � � �
When compared with untreated units treatment with Mirasol PRT for p
Trypanosoma cruzi per 250 mL resulted in a 6 log ten reduction of patho
of platelets, and an 8 log ten reduction of pathogens in 1 of 6 units.

Table 2
Pathogen inactivation of plasma infected with 1 billion Trypanosoma c

Growth of organism Pre-treatment

Unit 1 2 3 4 5

Log dilution

0 + + + + +
1 + + + + +
2 + + + + +
3 + + + + +
4 + + + + +
5 + + + + +
6 � � � + �
7 � � � � �
8 � � � � �
9 � � � � �
When compared with untreated units, treatment with Mirasol PRT for
osoma cruzi per 250 mL resulted in a 6 log ten reduction of pathogens in
in one unit.
technique in a laminar flow hood. One hundred
microliters of blood product was diluted in 900 lL
of Schneider’s medium in serial dilutions. Five hun-
dred microliters was added to 10 mL of culture
medium which was maintained as described above.

3. Results

3.1. Platelets

Pre-treatment platelets showed parasite detection
in 5–7 log dilutions of the starting culture, establish-
ing a lower limit of detection. In treated platelets no
growth of organism was detected in 6 of 6 units
when cultured. A 6 log reduction of pathogens
was demonstrated in 3 of 6 units of platelets, a 7
rypanosoma cruzi per 250 mL

Post-treatment

6 1 2 3 4 5 6

+ � � � � � �
+ � � � � � �
+ � � � � � �
+ � � � � � �
+ � � � � � �
+ � � � � � �
+ � � � � � �
+ � � � � � �
� � � � � � �
� � � � � � �

athogen inactivation of platelet concentrates infected with 1 billion
gens in 3 of 6 units of platelets, a 7 log ten reduction in 2 of 6 units

ruzi per 250 mL

Post-treatment

6 1 2 3 4 5 6

+ � � � � � �
+ � � � � � �
+ � � � � � �
+ � � � � � �
+ � � � � � �
+ � � � � � �
� � � � � � �
� � � � � � �
� � � � � � �
� � � � � � �

pathogen inactivation of plasma infected with 1 billion Trypan-

5 of 6 units of plasma, and a 7 log ten reduction of pathogens was
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log reduction was demonstrated in 2 of 6 units of
platelets, and an 8 log reduction of pathogens was
demonstrated in 1 of 6 units (Table 1).

3.2. Plasma

Pre-treatment plasma showed parasite detection
in 5–7 log dilutions of the starting culture, establish-
ing a lower limit of detection. Treated plasma
showed no growth of organism in 6 of 6 units when
cultured. A 6 log reduction of pathogens was dem-
onstrated in 5 of 6 units of plasma, and a 7 log
reduction of pathogens was demonstrated in one
unit (Table 2).

4. Discussion

T. cruzi is prevalent in Latin America, but is not
endemic in the United States, Canada, or Europe;
however, prevalence is increasing with current
immigration patterns. Methods designed to deal
with this growing problem need to be developed
and implemented. The prevalence of infection
among donors in the non-endemic countries is
expected to vary based on location due to variations
in population origins.

In a review of trypanosomiasis occurring in the
United States an estimate of prevalence was made
based upon a study of 205 Salvadoran and Nicara-
guan immigrants living in Washington, DC in which
5% were found to be infected. The authors stated
that if this represents the prevalence of infection
among the general population of immigrants from
endemic countries, there may be over 50,000–
100,000 immigrants with T. cruzi chronic infection
living in the United States [1]. More recently blood
donors in Mexico were tested for T. cruzi and found
to have a variable prevalence based on location with
an overall prevalence of 0.75%. It was estimated
that 1800 cases of transfusion transmission of T.

cruzi occur each year in Mexico [8].
There have been only a few documented cases of

transfusion transmission of T. cruzi in the United
States, and these have all occurred among immun-
osupressed individuals. It has been estimated that
the risk of transmission is 13–23% for each unit of
contaminated blood transfused [1,8]. The course of
infection with this parasite, involves a long period
where the infected individual remains asymptom-
atic. T. cruzi infection is life long and most people
who harbor the parasite chronically are asymptom-
atic and unaware of their being infected [8]. Infec-
tive organisms circulate in the blood stream for
the entire life of an individual with chronic infection
in spite of a lack of symptoms. A long latent period
of asymptomatic infection associated with no donor
screen produces a risk for transmission by transfu-
sion. This asymptomatic period is followed years
to decades later by manifestations of organ damage
in 10–30% of infected persons [30]. The extent of
transfusion transmission of T. cruzi is thus likely
to be underestimated in the short term, since infec-
tion with T. cruzi is more often occult in individuals
without immunosuppression. It is very likely that
many unrecognized cases of transmission by trans-
fusion have occurred [1]. Transmission of infection
by transfusion would be expected to manifest itself
only among immunosuppressed individuals in the
short term. This is the case in documented transmis-
sion by transfusion in the United States. In recipi-
ents with healthy immune systems, transmission of
T. cruzi by transfusion would be expected to mani-
fest itself as organ damage decades after
transfusion.

More recently Mexican donors were tested for
T. cruzi and a look back was performed on the
recipients of blood products from these donors.
Seventeen recipients of blood from these infected
donors were identified. Nine of them were still alive.
Those nine were tested, and four were confirmed to
have T. cruzi infection by RIPA. None were symp-
tomatic for Chagas’ disease. The authors state that
this is evidence that occult transmission of T. cruzi

by transfusion is indeed occurring in immunocom-
petent recipients [8].

Testing for T. cruzi is routine in many Latin
American countries where the prevalence of infected
donors is high. Cross reaction with Leishmania,
malaria, syphilis, and collagen vascular disease can
occur. There is now an approved test for screening
blood donors infected with T. cruzi in the United
States, but it has not yet been implemented. In the
United States there are some areas where the Latin
American population is greater than that in other
areas, and thus the risk to the blood supply is
greater. The availability of pathogen inactivation
might be an attractive alternative to testing for
pathogens for which the donor prevalence is vari-
able in different regions.

We have demonstrated that treatment of plasma
and platelets with riboflavin and ultraviolet light
using the Mirasol PRT technology can reduce
growth of T. cruzi by 5–7 logs in plasma and 7–8
logs in platelets with a starting concentration of 1
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billion T. cruzi per 250 mL (4 million organisms per
milliliter).

As a proof of concept it has been shown that
there was a lack of ability to culture organism after
treatment of blood products in which a very high
number of starting organisms was used to infect
units (109 organisms per 250 mL unit). A reduction
of 5–8 logs demonstrates robust inactivation.

Acknowledgements

This work was supported by the US Army Com-
bat Casualty Care Research Program, Medical Re-
search and Materiel Command and by a Defense
Appropriations Bill for applications to improve
the safety and availability of transfused blood for
the US Armed Forces.

This material has been reviewed by the Walter
Reed Army Institute of Research. There is no objec-
tion to its publication. The opinions or assertions
contained herein are the private views of the authors
and are not to be construed as official or reflecting
the views of the Army or the Department of Defense.

References

[1] Kirchhoff LV. American trypanosomiasis (Chagas’ disease):
a tropical disease now in the United States. NEJM
1993;329:639–44.

[2] Schmunis GA. Trypanosoma cruzi, the etiologic agent of
Chagas’ disease: status in the blood supplying endemic and
non-endemic countries. Transfusion 1995;31:347–557.

[3] World Health Organization: control of Chagas disease:
Second report of a WHO expert committee. WHO Tech Pep
Series 2002; 905:1–09.

[4] Grant IH, Gold JVVM, Wittner M, Tanowitz HB, Nathan
C, Mayer K, et al. Transfusion-associated acute Chagas’
disease acquired in the United States. Ann Intern Med
1989;111:849–51.

[5] 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.

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

[7] Leiby DA, Herron RM, Read EJ, Lenes BA, Stumpf RJ.
Trypanosoma cruzi in Los Angeles and Miami blood donors:
impact of evolving door demographics on seroprevalence
and implications for transfusion transmission. Transfusion
2002;42:549–55.

[8] Kirchhoff LV, Paredes P, Lomeli-Guerrero A, Pareses-
Espinoza M, Ron-Guerrero CS, Delgado-Mejia M, et al.
Transfusion-associated Chagas disease (American trypano-
somiasis) in Mexico: implications for transfusion medicine in
the United States. Transfusion 2006;46:298–304.

[9] Leiby DA. Threats to blood safety posed by emerging
protozoan pathogens. Vox Sang 2004;87(Suppl. 2):S120–2.
[10] Decmapo R, Morenao SN, Gadelha FR, de Souza W, Cruz
FS. Prevention of Chagas’ disease resulting from blood
transfusion by treatment of blood: toxicity and mode
of action of gentian violet. Biomed Environ Sci 1998;1:
406–13.

[11] Gadelha FR, Moreno SN, de Souza W, Cruz FS, Decampo
R. The mitochondrion of Trypanosoma cruzi is a target of
crystal violet toxicity. Mol Biochem Parasitol 1989;34:
117–26.

[12] Zavizon B, Pereira M, de Melo JM, Serebryanik D, Mather
TN, Chapman J, et al. Inacativation of protozoan parasites
in red blood cells using INACTINE PEN 110 chemistry.
Transfusion 2004;44:731–8.

[13] Gutierrez-Correa J, Krauth-Siegel RL, Stoppani AO. Phe-
nothiazine radicals inactivate Trypanosoma cruzi dihydro-
lipoamide dehydrogenase: enzyme protection by radical
scavengers. Free Radical Res 2003;37:281–91.

[14] Van Voorhis WC, Barrett LK, Eastman RT, Alfonso R,
Dupuis K. Trypanosoma cruzi inactivation in human platelet
concentrates and plasma by a psoralen (amotosalen HCl)
and long-wavelength UV. Antimicrob Agents Chemother
2003;47:475–9.

[15] Gutierrez-Correa J, Krauth-Siegel RL, Stoppani AO. Inac-
tivation of Trypanosoma cruzi dihydrolipoamide dehydro-
genase by leukocyte myeloperoxidase systems: role of
hypochloride and nitrite radicals. Rev Argent Microbiol
2000;32:136–43.

[16] Ben-Hur E, Chan WS, Yim Z, Zuk MM, Dayal V, Roth N,
et al. Photochemical decontamination of red blood cell
concentrates with the silicon phthalocyanine PC 4 and red
light. Dev Biol (Basel) 2000;102:149–55.

[17] Moraes-Souza H, Bordin JO, Bardossy L, MacPherson DW,
Blajchman M. Prevention of transfusion-associated Chagas’
disease: efficacy of white cell-reduction filters in removing
Trypanosoma cruzi from infected blood. Transfusion
1995;35:723–6.

[18] Zempleni J, Galloway JR, McCormick DB. Pharmacoki-
netics of orally and intravenously administered riboflavin in
healthy humans. Am J Clin Nutr 1996;63:54–66.

[19] Unna K, Greslin J. Studies on the toxicity and pharmacol-
ogy of riboflavin. J Pharmacol Exp Ther 1942;75:75–80.

[20] Joshi PC. Ultraviolet radiation-induced photodegradation
and 1O2, O�2 production by riboflavin, lumichrome and
lumiflavin. Indian J Biochem Biophys 1989;26:186–9.

[21] Goodrich RP. The use of riboflavin for the inactivation of
pathogens in blood products. Vox Sang 2000;78(Suppl
2):211–5.

[22] Perez-Pujol S, Tonda R, Lozano TM, Fuste B, Lopez-
Vilchez I, Galan AM, et al. Effects of a new pathogen-
reduction technology (Mirasol PRT) on functional aspects
of platelet concentrates. Transfusion 2005;45:911–9.

[23] Ruane PH, Edrich R, Gampp D, Keil SD, Leonard R L,
Goodrich RP. Photochemical inactivation of selected viruses
and bacteria in platelet concentrates using riboflavin and
light. Transfusion 2004;44:855–77.

[24] AuBuchon JP, Herschel L, Roger J, Taylor H, Whitley P, Li
J, et al. Efficacy of apheresis platelets treated with riboflavin
and ultraviolet light for pathogen reduction. Transfusion
2005;45:1335–41.

[25] Li J, de Korte D, Woolum MD, Ruane PH, Keil SD,
Lockerbie O, et al. Pathogen reduction of buffy coat platelet
concentrates using riboflavin and light: comparisons with



L.J. Cardo et al. / Transfusion and Apheresis Science 37 (2007) 131–137 137
pathogen-reduction technology-treated apheresis platelet
products. Vox Sang 2004;87:82–9021.

[26] Li J, Lockerbie O, de Korte D, Rice J, McLean R, Goodrich
RP. Evaluation of platelet mitochondria integrity after
treatment with mirasol pathogen reduction technology.
Transfusion 2005;45:920–6.

[27] Cardo LJ, Rentas FJ, Ketchum L, Salata J, Harman R,
Melvin W, et al. Pathogen inactivation of Leishmania

donovani infantum in plasma and platelet concentrates using
riboflavin and ultraviolet light. Vox Sang 2006;90:85–91.
[28] Lippert L, Watson R, Doane S, Reddy H, Goodrich R.
Inactivation of P. falciparum by riboflavin and light. Vox
Sang 2002;83(Suppl. 2):163.

[29] Kreutzer RD, Christensen HA. Characterization of leish-

mania spp. by isoenzyme electrophoresis. Am J Trop Med
Hyg 1980;29:199–208.

[30] Kirchhoff LV, Neva FA. Chagas’ disease in Latin American
immigrants. JAMA 1985;254:3058–60.


	Pathogen inactivation of Trypanosoma cruzi in plasma and platelet concentrates using riboflavin and ultraviolet light
	Introduction
	Materials and methods
	Collection of platelets and plasma
	Trypanosoma organisms
	Maintenance of Trypanosoma stock cultures
	Evaluation of T. cruzi cultures
	Storage of blood products
	Reagents
	Transfer of blood products
	Ultraviolet illumination
	Culture of blood products

	Results
	Platelets
	Plasma

	Discussion
	Acknowledgements
	References


