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Chikungunya virus and the safety of plasma products

Sandra M. Leydold,* Maria R. Farcet,* Johanna Kindermann, Jens Modrof, Gerhard Pilsler,
Andreas Berting, M. Keith Howard, P Noel Barrett, and Thomas R. Kreil

BACKGROUND: Chikungunya virus (CHIKV) outbreaks
were préviously restricted to paris of Africa, Indian
Ocean Islands, South Asia, and Southeast Asia. In
2007, however, the first autochthonous CHIKV trans-
mission was reported in Europe. High-level viremia, a
mosquito vector that is also present in large urban
areas of Europe and America, and uncertainty around
the resistance of this Alphavirus toward physiochemical
inactivation processes raised concems about the safety
of plasma derivatives. To verify the safety margins of
plasma products with respect to CHIKV, commonly
used virus inactivation steps were investigated for their
effectiveness to inactivate this newly emerging virus.
STUDY DESIGN AND METHODS: Pasteurization for
human serum albumin (HSA), vapor heating for Factor
Vil inhibitor bypassing activity, solventdetergent (S/D)
treatment tor intravenous immunoglobulin (IVIG), and
incubation at low pH for IVIG were investigated for their
capagcity to inactivate CHIKV and the closely related
Sindbis virus (SINV). The obtained results were com-
pared to previous studies with West Nile virus and the
commonly used model virus bovine viral diarthea virus.
RESULTS: The data generated demonstrate the efiec-
tive Inactivation of CHIKV as well as SINV by the inacti-
vation steps investigated and thereby support resulls
from earlier validation studies in which model viruses
were used.

CONCLUSION: High inactivation capacities with
respect to CHIKV were demonstrated. This provides
solid reassurance for the safety of plasma products and
the results verify that the use of model viruses is appro-
priate to predict the inactivation characteristics of newly
emerging viruses when their physicochemical properties
are well characterized.

hikungunya virus (CHIKV) was first isolated

during an outbreak in Tanzania in the 1950s

and has subsequently caused frequent out-

breaks in Africa and in Asia.' In 2004, CHIKV
spread from Kenya to the Western Indian Ocean Islands
including the Comoros Islands, La Réunion, Mayotte,
Mauritius, the Seychelles, and Madagascar and from there
CHIKV emerged further in India and the Eastern Indian
Ocean Islands, with millions of people infected.? Whereas
the previous vector of CHIKV was Aedes aegypti, the
primary vector in La Réunion and Mauritius was Aedes
albopictus, the Asian tiger mosquito.? The adaptation of
CHIKV to A. albopictus was due to a single amino acid
substitution, which significantly increased CHIKV infec-
tivity for this species,* that is widely endemic in urban
areas of Europe and America.>® Since 2006, CHIKV infec-
tions have been identified in an unprecedented number
of travelers,2 some of them returning with high-grade
viremia to countries where competent vectors are
present, which raises serious concerns with respect to a
potentially global spread of the disease.” The first outbreak
of autochthonously transmitted CHIKV in a temperate
climate zone occurred {n 2007 in the province of Ravenna

ABBREVIATIONS: BHK = baby hamster kidney; BVDV = bovine
viral diarrhea virus; CHIKV = chikungunya virus: FEIBA = Factor
VIII inhibitor bypassing activity; LOD = limit of detection;

S/D = solvent/delergent; SINV = Sindbis virus; SSM = spiked
starting material; TCIDs, = tissue culture infectious dose 50%;
WNV = West Nile virus.
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in northeastern Italy® with four smaller clusters of local
transmission detected up to 49 km away from the initial
introduction by a presumably single individual.® Of 337
suspected CHIKV cases, 306 were examined and 217 were
laboratory confirmed.’® Later, autochthonous transmis-
sions have also been reported from southeastern France.'
As a consequence of these recent outbreaks, CHIKV fever
is no longer considered a disease that is restricted to tropi-
cal countries, but has developed into a worldwide public
health concern?

‘While cases of CHIKV transmission via blood prod-
ucts or organ transplantation have not been reported
so far, such transrnission events are possible,'? as during
an epidemic the risk of viremic donations is sub-
stantial,' with approximately one in four CHIKV infec-
tions asymptomatic,”” and the viral load during the
acute phase of infection, which typically lasts for 2 to 4
days, as high as 10° copies/mL.” These facts have raised
sufficient concerns about the safety of plasma pro-
ducts for the US Food and Drug Administration to
include the subject in the agenda of a workshop."
Dedicated virus inactivation and removal steps are
integrated into the manufacturing processes of all frac-
tionated plasma products that are licensed by advanced
regulatory authorities to ensure their safety.’® These
process steps have been validated for their effec-
tiveness in inactivating a broad range of physicochemi-
cally diverse viruses, including relevant (e.g., human
immunodeficiency virus, hepatitis A virus) and so-called
mode! viruses.'® One of these model viruses, bovine
viral diarrthea virus (BVDV) of the Pestivirus genus
(Flaviviridae) is like CHIKV, a lipid-enveloped RNA
virus and similar in size. As BVDV as well as the closely
related Flavivirus West Nile virus (WNV) have been
demonstrated to be effectively inactivated by the virus
reduction methods commonly used in the manu-
facture of plasma products,’””'® high margins of safety
are equally presumed for CHIKV. Experimental evi-
dence for CHIKV itself was, however, not previously
available. To provide adequate assurance of virus
safety, particularly for the individuals who critically
depend on plasma-derived therapies, as well as
regulatory authorities who need to guarantee the
safety of such products on the market, the present
work investigated CHIKV inactivation experimentally.
In addition, some of the inactivation methods were
evaluated using Sindbis virus (SINV), a virus closely
related to CHIKV, and also WNV, with the aim of
generating further supportive evidence for the inactiva-
tion capacity of these dedicated virus inactivation
steps with respect to CHIKV. The results confirmed the
CHIKV inactivation behavior expected from earlier
model virus data and thereby show that concerns for the
safety of plasma products with respect to CHIKV are
unwarranted.

2 TRANSFUSION Volume **, ** **

MATERIALS AND METHODS

Viruses and cells

CHIKV strain “LR2006-OPY1” was originally isolated in
2006 from a 73-year-old patient returning from La
Réunion, a French overseas department,’ and was
obtained from the Centre for Ecology and Hydrology
(Oxford, UK). Virus identity was confirmed by partial
sequencing and sequence alignment with the whole
genome of strain “LR2006-OPY1” (GenBank Accession No.
DQ443544), which showed greater than 99% sequence
homology. CHIKV working stock was produced on Vero
cells adapted to growth in serum-free medium and
titrated on Vero cells (ECACC No. 84113001, European Col-
lection of Cell Cultures, Salisbury, UK).

SINV, strain Ar-339 (ATCC VR-68), was propagated on
Vero cells {ATCC CCL-81) or on baby hamster kidney
(BHK-21 [C13)) cells (Lee Biomolecular, San Diego, CA).
TCIDs, (tissue culture infectious dose 50%) titration of
SINV was done on Vero cells, whereas BHK cells were used
for plaque assay.

WNV was obtained from the liver of a snowy owl
found dead in New York in 1999. The virus was isolated by
filtration of the liver homogenate, passaged on Vero cells,
and lyophilized (“Isolate 385-99"). The Isolate 385-99 was
characterized by sequencing parts of the genome'" and
provided by Dr Robert E. Shope (University of Texas,
Galveston, TX), WNV was propagated and titrated on Vero
cells {ECACC No. 84113001).

Infectivity assays

Virus-containing samples were titrated on the respective
indicator cells by TCIDs, assays (CHIKV, SINV, WNV) or by
plaque assay (SINV) using serial 0.5 or 1 log dilutions of
samples. The cytopathic effects induced by the wviruses
were evaluated after incubation of the cells with the
samples for 3 days (WNV, SINV plaque assay), 5 to 6 days
(SINV TCIDs, assay), or 7 days (CHIKV) at 36 * 2°C. Virus
concentrations were calculated according to the Poisson
distribution (CHIKV, WNV) or according to Reed and
Muench (SINV) and expressed as log(TCIDso)/mL. Virus
concentrations determined with the plaque assay were
expressed as plaque-forming units/mL. To lower the limit
of detection (LOD) for the samples taken during CHIKV
and WNV runs after 600 minutes of pasteurization, after 30
and 60 minutes of solvent/detergent (5/D) treatment as
well as on Days 14 and 20 of low-pH treatment, large-
volume titration (bulk) was performed.

Downscaled
plasma derivatives

All virus inactivation steps investigated apply to manu-
facturing processes for Baxter Healthcare (Westlake

turing pre for

Village, CA) products. Downscaled models were estab-
lished to mimic the manufacturing process steps as closely
as possible. Except for SINV-spiked runs, process variables
were adjusted to worst case conditions to investigate
robustness of virus inactivation. The equivalence of the
laboratory models to the respective large-scale processes
was demonstrated by comparing critical process and
selected product variables. Temperature as a critical
process variable for virus inactivation was monitored con-
tinuously in all processes investigated. Process intermedi-
ates obtained from manufacture were used as starting
material and spiked at a ratio between 1:10 to 1:20 with
virus stock suspensions. From the spiked starting material
(SSM) samples were taken and titrated to verify the amount
of virus added. Further samples were collected during and
at the end of the virus inactivation processes and titrated
immediately. Corresponding unspiked or mock-spiked
samples were taken from control runs without virus and
tested for their potential cytotoxicity for indicator cell lines
and for their potential interference with the detection of
low virus titers. Virus reduction factors (log) were calcu-
lated in accordance with regulatory guidelines.'®

Pasteurization of human serum albumin

During manufacture, human serum albumin (HSA) is heat
treated as solution in the final container at 60°C for 600 to
660 minutes. The heat treatment is done for different con-
centrations of HSA, ranging from 5% to 25%. In the down-
scale, the virus inactivation capacity of the heat treatment
step was investigated by incubation of the CHIKV- or
WNV-spiked albumin solutions at 58 = 1°C for 600
minutes. To show the robustness of the obtained virus
inactivation, pasteurization of HSA was done at Jow and
the highest protein concentration, that is, 5 and 25%.
SINV-spiked HSA was heated at 60 % 1°C for 600 minutes,
at a protein concentration of 25% only. To show the
equivalence of the downscale to the manufacturing
process, selected biochemical variables such as aggregate
concentration, purity, transferrin, and a-1 acidic glyco-
protein levels were monitored and compared to sample
results from manufacture.

Vapor heating of anti-inhibitor coagulant complex,
that is, Factor Vil inhibitor bypassing activity
During the manufacture of Factor VIII inhibitor bypassing
activity (FEIBA), a freeze-dried bulk intermediate with an
adjusted residual moisture of 7% to 8% (wt/wt) is heat
treated in a first phase at 60°C for a minimum of 510
minutes, followed by a second phase at 80°C for a
minimum of 60 minutes. For the downscaled runs,
process intermediate was spiked with virus and freeze-
dried in 3-mL aliquots (2-mL aliquots for SINV-spiked
intermediate). The residual moisture was adjusted before

CHIKV AND SAFETY OF PLASMA PRODUCTS

heat treatment by the addition of water for injection, using
the method of Karl-Fischer. Heat treatment of CHIKV and
WNV was done at 59.5 = 0.5°C for 505 minutes followed
by 79.5 = 0.5°C for 55 minutes and a residual moisture
content of 7% (wt/wt) and 8% (wt/wt), respectively. SINV-
spiked intermediate was adjusted to a residual moisture of
7% to 8% (wt/wt) after freeze-drying and was heat treated
at 60 = 0.5°C for 600 minutes followed by 80 * 0.5°C for 60
minutes. FEIBA activity (clotting assay), Factor (P)II (clot-
ting assay), and FX activity (chromogenic assay) were
determined for the downscale intermediate before and/or
after the vapor-heating process, and the results were com-
pared to the respective values for intermediates from
manufacture, to confirm equivalence of the different scale
processes.

S/D treatment of intravenous immunoglobulin

For S/D treatment of intravenous immunoglobulin (IVIG)
products Gammagard S/D and Gammagard Liquid/
KIOVIG (Baxter), a mixture of wi-n-butyl phosphate,
Octoxynol-9 and Polysorbate 80 (Merck, Darmstadt,
Germany) was added to target concentrations of 0.3%
{(vol/vol), 1% (vol/vol}, and 0.3% (vol/vol), respectively,
for at least 60 minutes at 18°C to 25°C and a pH value of
5.2. Downscale runs for CHIKV were done at 18 * 1°C
for 57 to 60 minutes. Concentrations of S/D components
for CHIKV (Gammagard Liquid/KIOVIG) and SINV (Gam-
magard 5/D) spiked runs were adjusted to 50% compared
to the standard manufacturing conditions and the
kinetics of virus inactivation further investigated using
only 10% of the standard S/D concentrations. To prevent
further inactivation of virus by the S/D reagents after
sample drawing, S/D-containing samples were diluted
immediately 1:100 or 1:20 (CHIKY, 50 or 10% of nominal
S/D concentration) or 1:10 (SINV) in cold cell culture
medinm. The amount of S/D reagents added was mea-
sured by weighing and the concentration of each S/D
reagent in solution was measured by specific assays in
unspiked control runs. Protein concentration, conductiv-
ity, and immunoglobulin (Ig)G concentration of the
respective intermediates of the two process scales were
measured and compared to support the equivalence of
the downscale to manufacture.

Low-pH treatment of IVIG (Gammagard
Liquid/KIOVIG)

During the Gammagard Liquid/KIOVIG manufacturing
process, the final product is incubated at a low pI{ of 4.4 to
4.9 and at a temperature of 30°C to 32°C for 21 to 24 days.
To investigate virus inactivation of the low-pH incubation
step at laboratory scale, CHIKV-spiked process intermedi-
ate was incubated at 29 * 1°C for up to 21 days, The pH,
adjusted to 4.4 and 4.9, was monitored and incubation
ternperature continuously recorded. To prevent further
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inactivation of virus after sample draw- A
ing, samples were diluted immediately
1:3.16 with cold cell culture medium. B
Selected biochemical variables such as v o
molecular size distribution, gamma-
globulin purity, and functionally intact
IgG were determined and compared
to results of the large-scale process
to verify the equivalence of the two
process scales.

Virus titer, log(TCID g /mL)

For each of the four dedicated virus
inactivation steps as performed in
downscaled versions in these verifica-
tion studies for virus inactivation, the
results for selected biochemical vari-
ables were always equivalent to those of
the respective samples obtained from i
the manufacturing scale processes (data
not shown), thereby c&nﬁrming validity
of the different scale processes. Gener-
ally, conditions least favorable for virus
inactivation were chosen.

RESULTS i l

Virus titer, log(TCID y/mL)

Pasteurization of HSA

As a dedicated virus inactivation step,
the final HSA product is pasteurized. | %
Investigation of the virus inactivation s
capacity in' downscale runs was done

5% HSA

» 60 %
Time [mis] 2t $8°C

q
L AL d

1] ] 50 % 130 10 360 a 600

Time [min] ot $8°C (60°C far SINV)

below the lower limits of temperature  Fig. 1. Pasteurization of HSA. Virus inactlvatlon kinetics for p izatlon at

and incubation time specified for 58% 1°C (60 * 1°C for SINV) of 5% HSA solution {A) and 25% HSA solution (B).
manufacture, and robustness of the Mean results for duplicate runs with CHIKV and WNV and single runs for BVDV and
heat treatment step was further shown SINV are shown. SSM s virus-spiked HSA. For kinetic samples with no detected
through the use of HSA with protein infectivity, the LOD is shown; (V) first time point at which no Infectivity was detected
concentrations at the extremes of the 10 all runs. Lower detection 1imits for virus titer toward the end of treatment is due
specified manufacturing range. CHIKV  tolarge-volume assays (bulk). (@) CHIKV; (O) BVDV; (O) SINV; (0) WNV.

was completely and rapidly inactivated

to below the LOD within 30 minutes of incubation at
58 = 1°C in both 5 and 25% HSA (Fig, 1, Table 1). SINV,
which like CHIKV belongs to the Alphaviruses, showed
very similar inactivation kinetics and was also completely
inactivated to below the LOD within 30 minutes of pas-
teurization at 60 * 1°C using 25% HSA (Fig. 1B, Table 1).
Significant reduction factors (Table 1) and similar inacti-
vation kinetics were seen for WNV, with complete inacti-
vation achieved after 30 minutes in 25% HSA and after 60
or 180 minutes in 5% HSA (Fig. 1, Table 1). Comparing the
results of the current study to earlier published BVDV pas-
teurization data,™ this mode! virus for small enveloped
RNA viruses was one of the most resistant against inacti-
vation through pasteurization. Whereas CHIKV, SINV, and
WNV infectivity was already significantly reduced during

4 TRANSFUSION Volume **, ** *~

the heating phase to target temperature, BVDV was more
resistant to heating (Fig. 1) and a longer pasteurization
period was necessary to inactivate the virus to below the
LOD (120 and 60 minutes in 5 and 25% HSA, respectively;
Fig. 1, Table 1).

Vapor heating of FEIBA

The critical variables for the vapor heating process with
respect to virus inactivation are temperature, time of
heating, and residual moisture. FEIBA intermediate
spiked with CHIKV or WNV was vapor heated at laboratory
scale to the lower limit of temperature for just below the
lower limit of the incubation time specified for the manu-
facturing process. To evaluate process robustness, the

CHIKV AND SAFETY OF PLASMA PRODUCTS

120 19 %0 an 600

TABLE 1. Reduction factors (log) and time points at which no remaining viral infectivity was detected (values In

par ) in the current and previous Inactivation studi
Process CHIKY SINV WNV BYDV*
Pasteurization of HSA,t 5% >7.0/>6.9 (0-1/30 min} ND >8.3/>8.3 (60/180 min) >6.4 (120 min}
25% >5.9/>5.8 (0-1/30 min} >5.5 (30 min) >8.0/>7.7 (30/30 min) >6.2 (60 min)
Freeze-drying/vapor heating of FEIBA 1 7% >6.9 (360 min) >5.3/>52/>4.7 >8.2 (360 min) >5.6 (360 min)
8% >7.3 (360 min) (120/120/120 min) >8.0 (360 min) >5.6 (360 min)
S/D treatment of IVIG,§ 50% >7.2/>6.7 (1-2/1-2 min) >5.3 (1-2 min) ND >8.1/>6.2 (1-2/1-2 min)
10% 7.2 (1-2 min) 5.3 (1-2 min) ND
5% ND ND >8.0[y>5.9) (30/30 min) >5.8 (1-2 min)
Low-pH incubation of IVIG,1 pH 4.4 >7.9 (6 days) ND >5.5{ (4 days) >5.4 (14 days)
pH 4.9 >7.4 (14 days) ND >6.0/>6 1] (2/4 days) >59/>5.6 (14/14 days)

* Data from Kreil et al.’
1 Done using a solution with a concentration of 5 or 25% HSA.

+ Done using product with residual moisture (wi/wt} of 7 or 8% except for SINV, where residual moisture was adjusted to 7% to 8%

§ Done using 50, 10, or 5% of specified S/D chemicals
| Data from Kreil et al."”

9 Done using IVIG adjusted 1o a pH of 4.4 or 4.9, with the exception of WNV, for which solution adjusted to a pH of 4.5 was used

ND = not done.
10 -—— — - i
t |
i
i 479.5
! -
84
g 1 o
El e -
2 i O 1508
64 o
S g
g 5
R :
s i 3
5 | 5
P -
—8
ol W i Al Err
SSM  afier 0 30 % 120 180 360 505 0 30 60
lyo Time [min] at 59.5°C (60°C for SINV) Time [min} at 79.5°C (80°C for SINV)

Fig. 2. Vapor heating of FEIBA. Virus inactivatlon kinetlcs by heating of virus-spiked, lyophilized, and moisture-adjusted (7%-8%
[wt/wt]) FEIBA at 59.5 % 0.5°C (60 * 0.5°C for SINV), followed by 79.5 * 0.5°C (80 = 0.5°C for SINV) heating {temperature profile
represented in graph by the gray Iline). Means of two samples per kinetic time point for all viruses except SINV (triplicates). The last
SINV sample at 60 * 0.5°C was taken after 600 minutes but shown in graph at 505 minutes for stmpliclty. SSM = virus-splked FEIBA
before lyophllization; “after lyo” = sample after lyophilization but before Initiation of the heating process. For kinetic samples with
no detected Infectivity, the LOD is shown; (V) first time point at which no Infectivity was detected in all runs. RT = room tempera-

ture. (®) CHIKV; (©) BVDV; (O) SINV; (O) WNV.

residual moisture was adjusted to the upper and lower
limits of the manufacturing range. Using conditions least
favorable for virus inactivation (ternperature, time), the
vapor heat treatment step in combination with the pre-
ceding freeze-drying inactivated CHIKV and WNV to
below the LOD within 6 hours of the first heat treatment
phase at a temperature of 53.5 * 0.5°C (Fig. 2, Table 1).
Heat treatment of SINV-spiked FEIBA intermediate at the

same limits of temperature and residual moisture as
specified during manufacture showed inactivation to
below the LOD already after 2 hours in the first heat treat-
ment phase (Fig. 2, Table 1). Comparing the results of the
current study to earlier published BVDV vapor heating
data,® efficient inactivation of the model virus was seen by
this procedure, with no residual infectivity detected after 6
hours in the first phase of heat treatment, similar to

Volume **, ** ** TRANSFUSION 5§
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CHIKV and WNV (Fig. 2, Table 1). [nter- A
estingly, whereas the preceding lyo-
philization step had only a marginal
effect on the infectivity of CHIKV, SINV,
and WNV (Fig. 2), the infectivity of ] °
BVDV was more affected by this proce-
dure, an observation that has been
reported before.

Virus titer, log

S/D treatment of IVIG (Gammagard 2
Liquid/KIOVIG or Gammagard S/D) i

At 2 final S/D concentration corre- "

sponding to only 50% of the manufac- -

turing process, CHIKV and SINV were
already inactivated to below the LOD
after 1 to 2 minutes of $/D treatment

SD at 50% of

= —

10 20 Jb o
Incubatlon fime {min| after additon of S/D reagents

(Fig. 3, Table 1). At 10% of the standard B S/D treatent 81 5% (BVDV, WNV) or 10% (CHIKV, SINV) of standard S/D eoncentration

S/D concentration, CHIKV and SINV
were alsb completely inactivated after 1
to 2 minutes of $/D treatment (Table 1),
underlining the efficacy and robustness 7
of the S/D treatment step. Comparing
the results of the current study to earlier
published BVDV S$/D treatment data,'®
rapid and efficient inactivation of this 3
mode] virus was seen at both 50 and B
5% of the standard S/D concentration
(Fig. 3, Table 1). In comparison, already i
available data for conditions deliber- ; i
ately chosen to be by far less stringent s8M
than the actual manufacturing process

Virus tter, bog

10 )
Incubatlon time |min] after wdditen of S/D reagents

indicated that inactivation by §/D treat-  Fig. 3. S/D treatment of IVIG. Virus inactivation kinetics for 50% (A) and 5% or

ment was somewhat slower for WNV  10% (B) of standard S/D concentration for IVIG S/D treatment. Virus titers are

than for BVDV, as no infectious virus jog(TCIDs/mL) for CHIKV, WNV, and BVDV and log(plaque-forming units/mL) for
could be detected after 1 to 2 minutes of ~SINV. Mean results for duplicate runs with CHIKY and BVDV at 50% S/D concentra-
treatment with 5% of the standard S/D  tion and WNV at 5% S/D concentration and single run results for all other experi-
concentration for BVDY, but some low  ments are shown. SSM = vinus-spiked IVIG. For kinetic samples with no detected
level of infectivity was detectable for Infectivity, the LOD is shown; (V) first time point at which no infectivity was detected
WNV until 30 minutes of treatment In all runs. Lower detection lHmlts for virus titer toward the end of treatment Is due

(Fig. 3, Table 1).""

Low-pH treatment of IVIG

{(Gammagard Liquid/KIOVIG)

In the downscale investigation of the low-pH treatment
step of the IVIG intermediate, CHIKV was inactivated to
below the LOD on Day 6 for the run at pH 4.4 and on Day
14 for the run at pH 4.9 {Fig. 4, Table 1). Comparing the
results of the current study to earlier published BVDV
low-pH treatment data,'® BVDV was similarly inactivated
in the low-pH treatment, where by Day 14 complete inac-
tivation was accomplished in all three experiments (Fig. 4,
Table 1). In comparison, available data for WNV'” showed
that this Flavivitus was most rapidly inactivated by
low-pH treatment. In one run at pH 4.9 WNV was already
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to large-volume assays (bulk). () CHIKV; (©) BVDYV; (O) SINV; ((J) WNV,

inactivated to below the LOD on Day 2 of incubation
(Table 1). In the other two runs, one each at pH 4.5 and
pH 4.9, no WNV could be detected in the first kinetic
samples that were taken on Day 4 (Table 1). Complete and
effective inactivation for all three viruses was therefore
achieved at the two different extremes of the manufactur-
ing specification for pH, demonstrating the robustness of
the low-pH treatment step.

DISCUSSION

Over the past few years, the first autochthonously trans-
mitted CHIKV infections have been reported in Europe,®”

¢ De

Virus titer, log{TCIDy/mL)

| N (i

.

B
8

TRy TR T [ T
Time {days} of1ow pH Iocubatlon at 29°C {for CHIKV) or 30°C (for BVDV, WNV)

o T

Fig. 4. Low-pH treatment of IVIG. Virus i ivatlon kinetics for I

e pm
1t
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as very effective, with the second
heat treatment phase providing extra
margins of safety. In addition, the
results indicate that CHIKV, SINV, and
WNV are more stable during lyophiliza-
tion than BVDV (Fig.2), confirming
again the sensitivity of BVDV to this
process step.”” This is important to
keep in mind should an investigation
of virus inactivation for an isolated
lyophilization step be desired, where
BVDV as a model virus may not neces-
sarily represent a worst-case choice of
virus.

i n

ion at pH 4.4 S/D treatment was again confirmed

and pH 4.9 and 28 * 1°C (CHIKV) or 30 * 1°C (WNV, BVDV). Mean results of two as being highly effective for the inactiva-
runs (pH 4.4/pH 4.9) for CHIKV and three runs (pH 4.4/pH 4.9/pH 4.9) fer BVDVand  tion of all the viruses investigated.?

WNV (pH 4.5 instead of pH 4.4) are shown. SSM = virus-spiked IVIG. For kinetic

Even only 5 or 10% of the S/D concen-

with no d d Infectivity, the LOD is shown; (V) first time pointat which  tration specified for the manufacturing
no Infectivity was detected in all runs. Lower detection limits for virus titer toward process was sufficient to rapidly and

the end of treatment is due to large-volume assays (bulk). (®) CHIKV; () BVDV;

(O WNV.

demonstrating that there is potential for the global spread
of the virus’ and that CHIKV has become a worldwide
public health concern.? Similarly, spread into and subse-
quent autochthonous transmission of CHIKV would be
entirely possible in the United States, where the mosquito
vector A. albopictus is widely distributed in urban areas,®
a scenario quite similar to the advent of WNV in the United
States in 19992 and the epidemics since. Although reas-
suring data for the effective inactivation of small lipid-
enveloped RNA viruses by the virus inactivation methods
commonly used in the manufacture of plasma products
exists,'"1822% this work sought to experimentally confirm
the expected behavior for CHIKV, an Alphavirus and
therefore a virus genus that Is currently not typically used
as a model virus.

CHIKV was subjected to virus inactivation methods
commonly used in the manufacture of plasma products:
pasteurization for HSA, vapor heating for FEIBA, S/D
treatment for IVIG, and incubation at low pH for IVIG. In
addition, some of the experiments were done with the
closely related SINV and the relatively recent concern
WNV, and the obtained results were compared to earlier
published inactivation data for the model virus BVDV'®
and for WNVY

Pasteurization of HSA resulted in effective inactiva-
ton of all the viruses tested, both at the low and at the
upper protein concentration relevant in manufacture. It
was shown that this method inactivated the Alphaviruses
CHIKV and SINV more rapidly than BVDV and WNV.

During vapor heating of FEIBA, all the viruses inves-
tigated were already inactivated during the first heat
treatment phase. Vapor heating was therefore confirmed

effectively inactivate all the viruses
tested, and the results are thus in line
with the original findings establishing
this method as most effective in inactivating lipid-
enveloped viruses.”® Data from two different IVIG S/D
treatment processes, Gammagard S/D and Gammagard
Liquid/KIOVIG, are included as they use the same S/D
reagents at identical concentrations. All available data
show that there is no difference in efficacy of virus inacti-
vation between these two IVIG S/D treatments when
tested at process conditions as specified for manufactur-
ing scale.

Complete and effective inactivation of all viruses
investigated was obtained at the two different extremes of
the manufacturing specifications for the low-pH treat-
ment, where CHIKV and BVDV showed similar inactiva-
tion kinetics and WNV was most rapidly inactivated, an
observation that is in line with the known acidic
pH-dependent fusion machinery of Flaviviruses.”” Com-
paring the resistance toward physicochemical inactiva-
tion across the different methods used in the manufacture
of plasma products, CHIKV was very similar in suscepti-
bility and virus inactivation kinetics to SINV, the other
Alphavirus investigated, as well as to members of the Fla-
viviridae family, WNV and BVDV. Regarding the overall
virus inactivation capacity, all the CHIKV spiked into
experimental downscales was completely inactivated well
before the end of these processes, indicating a great safety
margin of these dedicated virus reduction techniques.
Reassuringly, the inactivation methods tested were shown
to completely inactivate all the virus that was spiked into
the respective product intermediate and the data pre-
sented alleviate any CHIKV-associated concerns about the
safety of plasma derivatives. Altogether, the CHIKV results
obtained in this investigation provide solid reassurance of

Volume **, ** ** TRANSFUSION 7
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the safety of plasma derivatives. In addition, our results
verify that model viruses that are chosen according to
suggestions of the relevant guidelines'*—and if they are
sufficiently well understood to be similar to transfusion-
related viruses—are an adequate tool to predict the
behavior of new viruses of interest.
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Chikungunya
Outbreak in
Guangdong

Province,
China, 2010

De Wu, Jie Wu, Qiaoli Zhang, Haojie Zhong,
Changwen Ke, Xiaoling Deng, Dawei Guan,
Hui-Li, Yonghui Zhang, Huiqlong Zhou,
Jianfeng He, Linghui Li, and Xingfen Yang

A disease outbreak with dengue-like symptoms was
reported in Guangdong Province, China, in October 2010.
Testing results confirmed that the pathogen causing the
outbreak was chikungunya virus. Phylogenic analysis
indicated that this virus was a member of the Indian
Ocean clade of the East/Center/South African subgroup of
chikungunya virus.

hikungunya virus (CHIKV) is a mosquito-borne virus

that causes fever, headache, rash, nausea, vomiting,
myalgia, and arthralgia, and has had a major effect on
human health (/,2). The first human infections caused
by CHIKYV were reported ~60 years ago (1952-1953) in
eastern Affrica (3). CHIKV has now become a worldwide
public health problem. Although this virus is indigenous
to tropical Afiica, outbreaks of CHIKV fever have been
reported in countries in the Indian Ocean region and
Southeast Asia (4-6). With an increase in global travel, the
risk for spreading CHIKV to regions in which the virus is
not endemic has increased (7).

Muitiple sporadic cases of nonindigenous CHIKV

infection have been reported in China. In 1987, CHIKV
was isolated from the serum of a patient, and antibodies
against CHIKV were detected in a second, convalescent-
phase patient in Yunnan Province (8). Four imported case
of CHIKV infection confirmed by reverse transcription
PCR (RT-PCR) were detected in Guangzhou and Moming,
Guangdong Province, in travelers returning from Sri Lanka
and Malaysia in 2008 (9,10). Another imported case from
India was confirmed by using RT-PCR in our laboratory in
2009. We report an outbreak of CHIKV fever that occurred
in Guangdong Province, China, in 2010.
Author affiflations: Center for Disease Control and Prevention,
Guangdong, China (D. Wu, J. Wu, D. Zhong, C. Ke, X. Deng,
D. Guan, H. Li, Y. Zhang, H. Zhou, J. He, L. Li, X. Yang): and
Dongguan Center for Disease Control and Prevention, Dongguan,
China (Q. Zhang)

DOI: http://dx.doi.org/10.3201/eid1803.110034

Emerglng Infectious Diseases » www.cdc.govieid « Vol. 18, No. 3, March 2012

The Study

Guangdong Province is located in a subtropical zone. It
has a high relative humidity, an average yearly temperature
of 19°C-24°C, and an average yearly rainfall of 1,300-
2,500 mm. Aedes albopictus mosquitoes are abundant
and widespread. However, Ade. aegypti mosquitoes are
found only in western Guangdong Province and not in the
region around the city of Dongguan. In the months before
the outbreak, the weather in Guangdong Province was
particularly rainy.

During September 2010, patients reporting an illness
with dengue-like symptoms were recorded by local
community clinics in the suburbs of Dongguan, Guangdong
Province. For epidemiologic investigation, the Guangdong
Center for Disease Control and Prevention defined a clinical
case of CHIK fever as a case characterized by sudden onset
of fever with arthralgia, maculopapular rash, or myalgia.
We identified 173 patients (74 male and 99 female patients)
2-93 years of age in 2 adjacent villages who had similar
symptoms. More than 85% of the patients were found in
these 2 villages in 97 families (>2 cases per family in 50
families).

The first patient became ill on September 1, and the
number of CHIKV fever cases rapidly increased after
September 19 (Figure 1), indicating an outbreak of CHIKV
infections inthe region. The outbreak spanned 2 months, and
the peak occurred at the end of September/early October.
None of the patients or any family members reported travel
abroad since July 2010. No deaths were reported as a result
of the outbreak, and most patients recovered within 1 week
after onset of symptoms. No patients were hospitalized;
however, several elderly patients reported joint pain after
2 weeks.

Densities of Ae. albopictus mosquitoes were
investigated during the outbreak, and an especially high
Breteau index of 77-180 was observed. The abundant
rainfall likely resulted in an extremely high mosquito
density. To control the outbreak, mosguito control measures
were implemented and quarantine of patients with acute
disease was enforced.

To identify the pathogen causing the outbreak, we
collected 15 serum samples from 12 patients with acute
disease and 3 patients with convalescent-phase disease
who had dengue-like symptoms. Patient serum was
assayed for CHIKV nucleic acid, antibody, and virus. DNA
sequence analysis of amplified CHIKV envelope 1 (E1)
was performed to infer possible source of transmission.
Specimens were tested by real-time RT-PCR for CHIKV
(41) and dengue virus.

Ten serum samples were positive for CHIKV. Virus-

‘ specific IgM and IgG were detected by IgM and IgG capture

ELISAs (IBL, Hamburg, Germany). Seven samples were
positive for IgM and 1 sample was positive for [gG (Table).
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Figure 1. Cases of chikungunya infection in Guangdong, China,
September 1-October 1, 2010, Black bar sections indicate cllmcal
cases and white bar i cases confirmed by !
analysis.

There were 3 case-patients in whom CHIKV nucleic acid
and antibody were found at the same time; 2 of these were
in serum samples obtained 34 days after these samples
were found to be positive for CHIKV IgM. We infer that
high cross-reactivity in the ELISAs might contribute to
these results.

For phylogenetic analysis, RT-PCR was performed
as described (J2), and 7 amplicons were sequenced. The
10 nucleic acid-positive specimens were placed on C6/36
and BHK-21 cell lines to isolate CHIKYV. Serum samples
were 2-fold serially diluted 6 times (1:50-1:1,600) in
minimal essential medium, and 1| mL of diluted sample was
added to each well of a 24-well culture plate. Specimens
were incubated at 33°C in an atmosphere of 5% CO,
and observed daily for <7 days for cytopathic effects
(CPEs) (online Appendix Figure, wwwnc.cdc.gov/EID/
article/18/3/11-0034-FAl.htm). After specimens were
incubated for 4-7 days, 3 CPEs were observed on C6/36
and BHK-21 cells. Development of CPEs in C6/36 cells is

unusual for CHIKV. However, we observed the effect of
C6/36 cell fusion on 3 specimens. We speculate that a virus
mutation causes an increase in virulence or changes effects
on infected C6/36 cells.

Phylogenetic analysis was performed for partial E1
sequences (7 from this study and 24 from GenBank) by
using MEGAS (13). Nucleotide sequences were separated
into 3 subgroups corresponding to the 3 globally circulating
subgroups (Figure 2). Sequences of the 7 PCR products
obtained in this study showed few differences from each
other. Paired sequence identity ranged from 98% to 99%
at the nucleotide level. Genetic analysis of the 325-nt
fragment of E1 genes obtained in this study showed that all
7 sequences clustered in a unique branch within the Indian
Ocean clade of the East/Central/South African (ECSA)
genotype, and close to Thailand (GQ870312, FJ882911,
GU301781), Malaysia (FJ998173), Taiwan (FI807895),
and China (GU199352, GU199353) isolates (98%-99%).
The translated E1 gene fragment from 1 of the 7 isolates in
this study (China/GD112/2010) had an expected 2-codon
deletion. This deletion was also present in the ESCA clade
but was not found in the other 6 isolates.

On the basis of sequence analysis, the highest degree
of identity was observed with outbreak isolates and the E1
sequence from the Thailand strain (FJ832911) isolated in
2009. Paired identity values were 99% at the nucleotide
level and 100% at the amino acid level. Nucleotide
substitute analysis showed that a common nucleotide
substitution was observed at partial E1 gene site 250 (T'C)
in outbreak isolates and FI882911. This substitution was
not observed in other analyzed sequences from GenBank.
These results suggested that the virus causing this outbreak
was likely transmitted from a source in Southeast Asia and
probably evolved from a strain that originated in Thailand.

Table. Characteristics of case-patients and serum sample detection for chikungunya virus, Guengdong, China, 2010°

Case- Date of Signs and oms Testresulls

patient 1D »‘\Qﬂ symplom onsel, Red Vius  Realtime RT-  ight/
na. ylsex Sep 2010 Fever face Headache Adhralgia Myalgla MR isolation PCRIRT-PCR g5
D10112 3AF 27 * - - +* + + - i+ =
D10113 M 29 + + - + * + * e e
D10114 62/m 30 + + + + - - + +/+ 4ot
D10115 4A8/F 30 * - - + - + * +/+ —-
D10116 60/M 28 + - = + + - = - o=
D10117 39/M 27 * + - + + +* = +l~ +-
D10118+  59/M 19 + + - + - + ND ~IND 4+
D10119 S9/F 26 - + = * - * ND ~IND ]
010120 10/F 26 + - + - - + ND —-IND +He
D101211 56/F 21 + + - + - + ND —IND +—
010122t 24/F 21 + + - + + + ND -IND e
010123 IF 26 + — o - - + = +i- ey
D10124 60/M 26 + = = + + + = ++ = I
D10125 60/F 29 + - - + + + = +e +-
D10126 39/M 28 + + + + = ++ +/—

*All samples were obtained on October 1, 2010. 1D, |denhfmuon MR, maoulupapular rash; RT-PCR, reverse transcription PCR; +, positive; —, negative;

ND, not done.
t Convalescent-phase case-patient.
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3 Figure 2. Phylogenetic analysis of partial
envelope 1 gene sequences of chikungunya
viruses, Guangdong, China, 2010. Numbers
along branches indicate boolstrap values.
GenBank accession numbers are |nd|mted in

h Scale bar indi n i
subsh(ullons per site.
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Conclusions

CHIKV was not endemic to China before 2010.
However, in recent years, CHIKV strains from Southeast
Asia with the ECSA genotype have been transmitted by
infected persons to Guangdong Province. We report an
outbreak of CHIKV fever in China. The low severity of
the disease and misdiagnosis of dengue fever has likely
encouraged widespread transmission of the virus. High-
density mosquito populations and an immunologically
uninfected population were 2 contributing factors in this
outbreak.
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Deaths from gastroenteritis double
C. difficile and norovirus are the leading causes

The number of people who died from gastroenteritis (inflammation of the stomach and
intestines that causes vomiting and diarrhea) more than doubled from 1999 to 2007, according
to a study by the Centers for Disease Control and Prevention. The findings will be presented
today at the International Conference on Emerging Infectious Diseases in Atlanta.

CDC scientists used data from the National Center for Health Statistics to identify
gastroenteritis-associated deaths from 1999 to 2007 among all age groups in the United States.

“Gastroenteritis is a major cause of death worldwide,” said lead author Aron Hall, D.V.M.,
M.S.P.H., of the CDC'’s Division of Viral Diseases. “By knowing the causes of gastroenteritis-
associated deaths and who's at risk, we can develop better treatments and help health care
providers prevent people from getting sick.”

Qver the eight-year study period, gastroenteritis-associated deaths from all causes increased
from nearly 7,000 to more than 17,000 per year. Adults over 65 years old accounted for 83
percent of deaths. Clostridium difficile (C. difficile) and norovirus were the most common
infectious causes of gastroenteritis-associated deaths.

There was a fivefold increase, from approximately 2,700 to 14,500 deaths per year, for C.
difficile, a type of bacteria often associated with health care settings. C difficile, which causes
diarrhea, accounted for two-thirds of the deaths. Much of the recent increase in the incidence
and mortality of C. difficile is attributed to the emergence and spread of a hypervirulent,
resistant strain of C. difficile.

Norovirus was associated with about 800 deaths annually, though there were 50 percent more
deaths in years when epidemics were caused by new strains of the virus. Norovirus is highly
contagious. It spreads through person-to-person contact and contaminated food, water, and
surfaces. People can get norovirus illness throughout the year, but cases peaked between
December-February. Norovirus causes more than 20 million ilinesses annually, and it is the
leading cause of gastroenteritis outbreaks in the United States.

“While C. difficile continues to be the leading contributor to gastroenteritis-associated deaths,
this study shows for the first time that norovirus is likely the second leading infectious cause,”
said Hall. “Our findings highlight the need for effective measures to prevent, diagnose, and
manage gastroenteritis, especially for C. difficile and norovirus among the elderly.”

### .

U.S. Department of Health and Human Services

CDC works 24/7 saving lives, protecting people from health threats, and saving money
through prevention. Whether these threats are global or domestic, chronic or acute, curable or
preventable, natural disaster or deliberate attack, CDC is the nation’s health protection
agency.

Historical Document: March 12, 2012
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Transfusion-Associated Babesiosis in the United States:

A Description of Cases

Barbara L. Herwaldt, MD, MPH; Jeanne V. Linden, MD, MPH; Ellzabeth Bosserman, MPH; Carolyn Young, MD; Danuta Olkowska, MD; and

Marianna Wilson, MS

. 4. Rabesioc [ 4

f:{ is a p jally life-th ing disease
caused by intraerythrocytic parasites, which usually are tickbome
but also are transmissible by transfusion. Tickbome transmission of
Babesia microti mainly occurs in 7 states in the Northeast and the
upper Midwest of the United States. No Babesia test for screening
blood donors has been licensed.

Objective: To ascertain and summarize data on U.S. transfusion-
associated Babesia cases identified since the first described case in
1979.

Design: Case series.
Setting: United States.

Patients: Case patients were transfused during 1979-2009 and
had posttransfusion Babesia infection diagnosed by 2010, without
reported evidence that another transmission route was more likely
than transfusion. Implicated donors had laboratory evidence of
infection. Potential cases were excluded if all pertinent donors
tested negative.

Measurements: Distributions of ascertained cases according to
Babesia spedes and period and state of transfusion.

Results; 159 transfusion-associated 8. microti cases were included;
donors were implicated for 136 (86%). The case patients’ median
age was 65 years (range, <1 to 94 years). Most cases were
associated with red blood cell components; 4 were linked to whole
blood-derived platelets. Cases occurred in all 4 seasons and in 22
(of 31) years, but 77% (122 cases) occurred during 2000-2009
Cases occurred in 19 states, but 87% (138 cases) were in the 7
main B. microti-endemic states. In addition, 3 B. duncani cases
were documented in western states.

Limitation: The extent to which cases were not diagnosed, inves-
tigated, reported, or ascertained is unknown.

Conclusion: Donor-screening strategies that mitigate the risk for
transfusion transmission are needed. Babesiosis should be included
in the differential diagnosis of unexplained posttransfusion hemo-
lytic anemia or fever, regardless of the season or U/S. region.

Primary Funding Source: None.
Ann Intern Med. 2011;155:509-519. www.annals.org

For author affiliations, see end of text.
This article was published at www.annals.org on 6 September 2011,

Babcsiosis is caused by intraerythrocytic parasites, which
usually are tickborne but also are transmissible by
cransfusion (1-9). In the United States, 2 species— Babesia
microti and B. duncani (formerly, the WAI-type parasite
[10, 11})— have been associated with both transmission
routes. The predominant zoonotic agent is the rodent par-
asite 'B. microti, which is transmitted by fxodes scapularis
ticks in expanding foci in the Northeast and upper Midwest
of the United States, pasticularly during spring and summer
(1-3, 12). The first described tickborne and transfusion-
associated B. microti cases occurred in Massachusetts in 1969
and 1979, respectively (13-15); the first such B. duncani cases
were in Washington in 1991 and 1994 (10, 16).

Regardless of the transmission route, Babesia infection
can range from asymptomatic to severe, in part depending
on host factors {for example, asplenia and advanced age).
Clinical infection is characterized by hemolytic anemia and
nonspecific flu-like symptoms (such as fever, chifls, and
myalgia). Complications can include multiorgan dysfunc-
tion, disseminated intravascular coagulation, and deatch
(1-3, 6, 7). Although a history of babesiosis is an exclusion
criterion for blood donation (1), persons who meet all cligi-
bility criteria (for example, they feel well, are afebrile, and are
not anemic) can have low-leve! parasitemia and remain infec-
tive for months, even longer than a year (1-6, 16, 17). No
Babesia assay for screening donors has been approved by the
U.S. Food and Drug Administration (FDA) (1).

www.anmals.org

Posttransfusion babesiosis has been increasingly recog-
nized (5-9, 18-29). However, national data and perspec-
tive about the U.S. burden of cases have been lacking. The
Centers for Disease Control and Prevention {(CDC) led a
collaborative endeavor to ascertain and compile data on U.S.
postransfusion cases identified during the 3 decades since the
first described case in 1979 (14). Here we summarize the
transfusion-associated Babesia cases that we ascertained, in-
cluding their distributions by species, time, and place.

METHODS
Data Sources

Since the 1960s, the CDC’s Parasitic Diseases Labo-
ratory has been a national reference laboratory for Babesia
testing. The CDC is often contacted regarding diagnos-
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tic, clinical, and epidemiologic aspects of transfusion-
associated and other Babesia cases. In addition to CDC
records (such as records of test results, consultations, and
casc investigations), data sources for this endeavor included
health departments, blood collection and transfusion ser-
vices, other health professionals, and published materials
and abstracts. The data available via health departments
varied by jurisdiction and period; babesiosis was not a fe-
portable discase in all states and was not nationally notifi-
able until January 2011. Although data were not systemat-
ically collected, some health departments, including those
in babesiosis-endemic states, have routinely notified the
CDC of potential transfusion cases and have submitted
Babesia surveillance data to the CDC. Despite the inherent
limitations of passive surveillance, collaborative relation-
ships with public health and other pertinent agencies facil-
itated casc ascertainment and data collection. We compiled
and compared information obtained from multiple sources
to maximize the quantity and quality of data and to min-
imize double counting.

Context

Babesiosis, a parasitic infection transmitted thruugh tick
bites, can also be acquired via blood transfusion and may
result in life-threatening diselise: There s no U.S. Food
and Drug Mm[n!straﬂnn-licensed test to screen blood
doriors for Babesfa Infecﬁan.

Case Criteria and Classification
For these analyses, we established selection and classi-
fication criteria for transfusion-associated Babesia cases.

—The Editors

Linked to & donor ' Mot liniced o » danor
{0 = 118) t Setn=23y
: Probra ._ ble cases Mlb!g';lsni
(n=57) {n=23)
By type of case (cluster vs. not; index vs. not) and by class of index case (defini babl ). This figute, in conjunction with Table 1,

provides perspective abou the criteria for and the tallies of cases, donors, and donations. 111e 159 B. microti cases include 141 index cases and 18
nonindex, cluster cases. Each index case was associated with a different donor, whether implicated (# = 118) or virtual (n = 23; see Methods section).
The 61 index cascs classified as definite include the index cases for the 12 multicase clusters (Table 1), which encompass 18 additional cases, for a total
of 79 cases, The 3 B. duncani cases are not included in the figuce,
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Cluster State (Year) of Case Type Case Chancteristics Data on Babesia Comments About Reclplents Other Than
Transfusion Caset Case Patlents$
7 single-donation
clusters§
$E A, L5 RI (2004) Preterm Infant Smear/PCR-positive ' Another pretesm corecipient
= = o7 e SO e Ctreated empirically
Preterm Infant
Preterm Infant
8 RI (2006) Preterm infant iti No additional
Preterm infant PCR-positive -
Preterm infant PCR-positive -
c VA (2009) Preterm Infant Smear/PCR-positive - No other corecipients
Preterm infant Smear/PCR-positive  (Lookback: reciplent of RECs donau-d
T~ > & .3 mo earlier tested negative)
r Preterm Infant Smear/PCR-positve = .

D NY (1997) Full-term infant Smear/PCR-positive Platelet corecipient {age 11 y) and 2
preterm corecipients of RBCs tested
negative

Preterm infant Smear/PCR-positive  {Lookback >1 y earlier: RBC recipient
tested negative; platelet recipient died
=3 whk after transfusion)

Age 70y, Gl bleeding  Smear/PCR-positive

£ 3 NY (1999 Preferm infant Smear/PCR-positive Platelet coreciplent reportedly was *

iz A asymptomatic and was not test:d
; Age 18 y; 5CD PCR-positive (Loakback: “na, adverse outcomes”
L o : reported for recipients assaclated W|th

4 i | : -' - *.2 previous donations)

F CT (2008 Meonate “Proven infection™ No additional information

Age 32 y; 5CD “Proven infection” =

o MM (2008) Age 92 y; asplenic Smear/PCR-positive  Double RBC donation: both reciplents

2k : R el | became infected and are listed here
[ Age 36 y; surgery PCR-posltive -
5 multidonation
clusters]
Fgs MM tioes) - Age 78y, Gl bldsding  PCR-positive
L NN (1993) - PCR-positive -
M {1995) Smear/PCR-pasitive
T e P negat MutGm:fter!ramfuwn
Seropositive 1~ o RBC ‘coreciplent (age'73 ) diéd 2 d after
’ ‘transfusion

1 NY (2001) PCR-positive (Further Iookbad( reciplent assodated
with December 2001 donation tested
negative)

WY (2002 Smear-posit No corecipi
ed Nvmua% Seropositive . *(Further lookback: no information about
e : el 3 > reclpient of RBCs donated in August}
A 12004) ) = AgE 74.y; camcinoma Smear-positive Ng additiona! information
(3 Wi (2007) Age 83 y; surgery Seropositive (Status of other recipients of RBCs

FLQ00S)
(2008):

e 83 y, Gl bl
A:%,‘.Y( s

donated in 2007: 2 died; 1 tested
1 lost to follow-up)

Smear/PCR-, 7
“. Smeéas/l R.p‘ys

CT = Connecticu; FL = Florida; GI = inal; MA = M:

NY = New York; PCR = polymerase chain reaction; RBC = red blood

nﬂm*MIm&mﬂuﬁhcﬂdleﬁ ;W1 = Wucnlwu.

* The 12 idenified elusters encom Sli:uutlpcnmrﬂ lSdmubydtlhm Hicaied donots; the 30 cas=s inclyde 12 index and 18 nonindex cases (11
in corecipients, 5 derectsd in loal m and 2 from lookf nenﬂwnhuhdmﬂwl:bhoﬂ-dsmdpludmldam}lﬁmﬁh
donation (SJJ the other 29 were linked to ABC components. Armong infants with evailable dara, the smalleat funsed vu!.nme\m imarely 8 mL In 2 mulcid
lustess (] and K), case patients were identified in 2 seates. In clusiet J, bach danations were in Maine, by 1 donor obably exposed in & ! in cluster K, a Wisconsi
resident also donated in Florida. Five of 12 implicated donars kad d infection, on chhalll nfu:mnglnml nal unit segment (8. C, D, and

G) et aubsequent ntmﬂu [H); the donor linked to cluster H il had :!Ml‘lm“lbk parasitemia, by PCR analyses, 4 mo after the fourth donation, 10 mo sfter

(5), F
?;uu o

+ A's dunor, 3 segment was svilable bur resule of rcR mnlyua were n e,

topositive”™ is noted saly for the 4 nonindes caser that were not
|nd|m:l fluorescent antibody testing:

| antibody riters ranged from 256 1o 1024 in 8, meereni

4 For recipients other than case paticnts, “rested negative” denotes seronegativity, at a minimum.

§ 18 cases (13 in infants and 5 in adults); 2-3 cases per cluseer.
112 cases (alt in adults); 1 case per donation; 2-4 donations per cluster.

Our minimal case criteria included receipt of 1 or more
cellular blood components during 1979-2009, posttrans-
fusion laboratory evidence of Babesia infection detected by
2010, and no reported evidence that another route of

‘winwaanals.ofg

transmission (for example, tickborne or perinaral) was
more likely than transfusion. We also required that linked
(implicared) donors have laboratory evidence of infection.
We excluded potential transfusion cases if all pertinent do-

18 Ocrober 2011 [ Annals of Intesnal Medicine | Volume 155 » Number 8|5\‘|
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Variable Al Cases (n = 159} Stratification of All Cases, by Type (n = 159)
Index Cases (n = 141 {89%]) Nonindex Cases (a = 18 [11%])
Age at diagnosis, 157 139 18
Median age (range; IQR), yt 65 (<1-94; 39-78) 86 (<1-94; 44-79) 34 (<1-83; <1-70)
Patients aged <1y, n (%)7 18N 1108 7069 3
Patients aged =1y to <50y, n (%) 33021 30 (22) 307
Patients aged =50y, o (%) 106 (68) 98(71) B(a4)
Male sex, n/n (%) 78/156 (50) 731138 (53) 5/18 (28)
State of transfusions
8. microti-endamic state, subtotal n (%) o 13387 122 (87) 16 (83)
Northeast (CT, MA, NI, NY, of Ri), 18 108 10
Upper Midwest (MN or Wi, n 20 14 6
Other state, subtolal n (%) 21(13) 19 (13) 201
Eastem state, n . 17 15 2
ol an eastern state, n 5 4 0
Year of transhusion
Median 2005 (1979-2009) 2005 (1979-2009) 2004 (1997-2009)
46) 400 o
1925-1989 3 3 0
19901994 L@ 64 Gl
1995-1999 24 (15) 19.(14) 5 (28)
2000-2004 3120 26 (18} 50m)
2005-2009 91(57) 83 (59) 8(4q)
Month of symptom anset or diagnosis, n§ (= 128 - 3
Median (range) - Sep (Jan—Dec) -
Interval from transfusion to diagnosis, nl - = 114 =
Median (range; JQR), d - 42 (14-230; 34-53) -
Pacasitologically confirmed infection, n (%) SRR e MR CIM St e AEERE) 1408
Surgical splenectomy, subtotal n** RSyl Pl 0
History. n 7 0
Perltransfusion, n b [
3 0

=1 mo after transtusion, n

Underlying condition or context lor mns'u:lon 3} p« pllﬂnt).
Hematologic dlsc der. sublotal | 2
Hematologic c:
Sickle cell dise.
Thalassermia major
Other hematologic disordec
Cardiovascufar surgery ot procvdure
Gastroirtestinal disease, bieeding, or surgery
Trauma with postra matic splenectonvy® >
Solid-organ. hnsplamahmﬁ
Other surgery. procedure, of trauma
Ncwbom or mmpiuhons of premammy
Carcinoma
Other medfical reason or diaghosis
Not specified

=~ O oMeESONMND ONON

All-cause mortality, n (%)%

Wlood danor, 7t (%56
Parasitologically confirmed. subtotal
PCR-positive unit segrent, n

CT = Connecncur. IQR = interquartile range; MA = Mmd\uum, MN = Minnesora; NJ = New Jersey; NY = New York; PCR = polymerase chain reaction; RI =

Rhode Island; W1 = Wisconsin.

* Data are number of cases/patients, unless otherwise noted. Diagnosis refers to babesiosis. Transfusion and blood donor refer to those associated with a2 case. Percentages
might not total 100% because of rounding.

 Because a lower proportion of patients with index vs. nonindex cases were younger than 1y (P = 0.001), the age diswributions for index vs. nonindex patients were
significantly diffesent (P = 0.009), but not if the age mmpzmon was limited to aduls (P = 0.3).

% See Methods section and Figure 2. The ‘castern state” category consists of Delaware, Florida, Indiana, Maryland, New Hampshire, North Carolina, Ohio, Pennsylvania,

and Virginia. The “not an eastern state” category consists of California, Texas, and Washington
zﬁl were known and were diffecent, the earlier month was specified. Data for the kidney donor (see text) weee not included in analyses of month of diagnosis or interval

§ If bo

ta diagne

ﬂSce anme 3 regarding index patients. Among nonindex patients (Table 1), the interval to diagnosis depended on hos( factors, type ofrcupnem (cnreaplem vs. other), and
various aspects of the i mvung;mms Ahhough most of the ascertained nonindex patients who were adults ion in such regards
oypically was doml or In some igations, other recipients could not be tested because lh:y had alrudy died.
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Stratification of Index Cases, by Class (n = 141)

Definite Cases (n = 61 [43%]) Probable Cases {n = 57 [40%]} Possible Cases {n = 23 [16%])
& e 56 23
69 (<1-94; 27-81) 65 (<1-92, 45-78) 67 (<1-87; 53-77)
915 1(2), 1)
1 118) 16 (29) 3(13)
067 39 (70) 19 (83)
25760 (42) 23/55 (60) ; 15/23 (65)
4072 = 57 (100) 2190
17 28) [ 2(9)
2005 (1980-2009) 2006 (1979-2009) 2005 (1993-2009)
35 ; 102 [
20) 1) 0
i am 1)
9015 5(9) 5Q2)
i3@n 2.16) 407
33 (54) 37 (65) 1357
56 52 ks 20
Aug Uan-Dec) Oct Jan-Dec) Sep (Jan-Dec)
LEITE, o 50 1
43 (22-230; 35-52) a2 (14-225; 34—53) 42 (14-54; 21-52)
61(100) | 55 (96) ; : 23 (100
i T E12n 9
8 8 1
2 2 8
1 6 0
SRE| 20 5
3 7 4
) 5 0
3 3 1
1 5 1
8 7 5
=8 6 3
2 2 4
1 4 6
z 3 s
] 1 4
s 3 2
iy 3 2
2 6 1
1018 v 2@ 4017
61{100) i 1 . e 57 (100) i RS Tk o
22 2 [
0

1e=% i) )

of 2 cases classified as probable transfusion cases: the case in the kidney donor

1 Index cases were known o1 p dwbep Il firmed, with the excep

{see text) and a case djasnaud in retrospect, afeer remvery (30).

** The data constitute minimum numbers of case patients. Among the 12 known to have und ! during the p fusion period, the contexts were
trauma (# = 8) or abdomina! surgery for other reasons {n = 4). The cases inthe 3 paaenu knnwn to have undergone p fusi 1 include 1 definite case

(the index case of cluster L [25); Table 1) and 2 probable cases, inch the first d case (14).

t+ Three received a kidney (tiving related [31), living unrelated, or cadaveric), 1 received a hears (29), :nd 1 und bilateral Jung plantati

E2d Aldmugh outcome d:u were unavailable for some patients, we assumed that no other case parients died in the short term. The patients known to have died indlude 2
cluster- d infants whose g | ages were 23 and 24 wk, 2 (of 5) patiencs aged 290 y, and 6 (of 32) patients known to have undergone surgical splenecromy.
85 In at least 4 case mvsupnons. more chan 1 donor had laboratory evidence of infection, typically 1 of whom was the most plausible on the basis of laboratory or
epidemiclogic data. However, the possibility of receipt of more than 1 conmaminated unit could not be excluded.
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nors tested negative. If multiple cases were linked to the
same donor, we defined the interrelated cases as a cluster,
the first identified case as the index case (1 per donor),
and the other cases in the cluster as nonindex cases (Fig-
ure 1 and Table 1). To facilitate bookkeeping, we defined
all cases that were not cluster-associated as index cases (1
per donor).

In general, index cases were parasitologically con-
firmed (Table 2) (30, 31); their detection prompted a
transfusion investigation; and che linked donors and non-
index cases, if any, that were identified had parasitologic or
serologic evidence of infection. We defined parasitologic
evidence as detection of Babesia parasites (on blood smear
or by animal inoculation) or Bzbesia DNA (by a molecular
method). Serologic evidence of B. microri infection re-
quired positive results either by indirect fluorescent anti-
body (IFA) testing for total immunoglobulin or IgG or by
immunoblot for IgG.

Index Babesia cases that fulfilled the selection criteria
were classified as definite, probable, or possible transfusion-
associated cases (Figure 1). If no donor was implicated
among the subset of pertinent donors who could be tested,
an index case was defined as a possible case, even if trans-
fusion was the only known risk factor for infection. All
index cases that were linked to0 a donor were classified as
definite or probable cases. An index casc was defined as a
definite (vs. probable} transfusion case if at least 1 of the
following additional criteria was fulfilled: 1) Transfusion
was the only known or plausible risk factor for infection
(for example, there was no history of residence or travel in
babesiosis-endemic areas); 2) a multicase cluster was iden-
tified, with at least 1 nonindex case besides the index case
(Table 1); 3) the linked donor’s infection was parasitologi-
cally confirmed by testing an extant segment from the orig-
inal blood unit; or 4) other donor evidence indicated active
infection at the time of donation (for example, a polymer-
ase chain reaction [PCR]-positive specimen that reflected
the donor’s status at donation).

Data Analysis

We conducted univariate analyses for descriptive pur-
poses by using Epi Info, version 3.5.1 (CDC, Adanta,
Georgia), and SAS software, version 9.2 (SAS Insticute,
Cary, North Carolina). Proportions were compared by us-
ing the chi-square test, or if expected cell counts were less
than 5, the Fisher exact test. The Wilcoxon 2-sample test
was used to compare the ranked distributions of ordinal
variables. Statistical significance was dcfined as a 2-sided P
value less than 0.05.

Unless otherwise specified, we stratified cases by pe-
riod and state of transfusion (Table 2 and Figure 2) (32).
We refer to 7 states with well-established foci of zoonotic
transmission as “B. microti—endemic states™ 5 states in the
Northeast (Connecticut, Massachusetts, New Jersey, New
York, and Rhode Island) and 2 in the upper Midwest
(Minnesota and Wisconsin) (1, 12). The distinction be-
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tween these and other states (for example, in Figure 2) is
not meant to imply that tickborne transmission occurs
throughout these 7 states, that it occurred in all 7 states
throughout 19792009, or that these are the only states in
which it did or does occur. Of note, during case sclection
and classification, we considered the evolving focality of
tickborne transmission within and among states.

Role of the Funding Source
The study received no external funding.

ResuLts
General Perspective and Summary

For the period of 1979-2009, we included 162
transfusion-associated cases: 159 B. microti cases and 3 B.
duncani cases, which are described separately. The 159 B.
microti cases include 12 multicase clusters encompassing
30 cases: 12 index cases (1 per cluster) and 18 nonindex
cases (5, 8, 9, 20-25) (Figure 1 and Table 1). In total, 141
B. microti cases were defined as index cases: the 12 cluster-
associated index cases and 129 additional cases (Table 2).
Figure 2 shows their distribution by period and state of
transfusion. During the initial 11 years (1979-1989), 7
index cases occurred in 5 states (14, 17, 32-36). In con-
trast, during the third decade (2000-2009), 109 index
cases (77% of 141) and 122 cotal cases (77% of 159) oc-
curred in 18 states (5-9, 18-21, 24-29, 37-42). The
associated blood donations occurred in all 12 months (Ap-
pendix Figure, available at www.annals.org); 59% were
during July—October.

Overall, 122 (87%) of the index cases (138 total cases
[87%)]) were associated with transfusions in the 7 main B.
microti-endemic states (Figure 2 and Table 2), although
not necessarily in arcas of endemicity. The other 19 index
cases (13%) generally were attributable to interstate move-
ments of donors or bload components (Figure 2). Various
scenarios are exemplified by the 4 cases not in castern states
(Table 2), 2 of which were auributable to donor travels:
A Rhode Island resident donated while training in Wash-
ington (26), and a Texas resident donated in that state after
spending the summer in Massachusetts (6). In contrast, the
other case in Texas and the case in California were linked
w donations in New Jersey and Maine (27), respectively.
Local distributions of components collected in New Jersey
also accounted for 2 cases in Pennsylvania (8, 37) and 1in
Delaware (18).

Case Characteristics

Table 2 summarizes selected characteristics of the
cascs, steatified by type of case (index vs. nonindex) and by
class of index case {definite, pmbable. or possible). Table 1
provides additional perspective on the cluster-associated
cases, which necessitated distinguishing between index and
nonindex cases. Overall, the case patients had a median age
of 65 years; 32% were either very old (33 were in the ninth
or tenth decade of life) or very young (18 were infants, 13
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of whom were cluster-associated). The 19 patients with
hereditary blood disorders account for 73% of the 26 pa-
tients in the age range of 4 to 43 years. These 19 patients
include 11 with sickle cell disease (8, 9, 28), 7 with thala-
ssemia major (35, 43), and 1 with Diamond-Blackfan ane-
mia (18); they account for at least 9 of the 32 patients
known to have undergone surgical splenectomy. Three el-
derly patients with hematologic disorders underwent post-
transfusion splenectomy (32, 134, or 215 days later), and
their Babesia cascs were diagnosed thereafter (Figure 3 and
Table 2). For 2 of these patients, parasites were noted
during retrospective review of presplenectomy blood
smedrs, a finding that refocused the investigations on ear-
lier transfusions and donors than on those initially
targeted.

Five paticnts with transfusion cases had been trans-
planted with solid organs within the previous 3 months
(Table 2). In addition, indirect evidence suggests that a
kidney donor who received multiple transfusions the day
he died served as a conduit of Babesia parasites from 1 of
his blood donors to both of his kidney recipients, who
developed parasitologically confirmed infection (40). No
B. microti antibodies were detected by IFA testing of ar-
chived pretransplantation serum from the kidney recipients
or of pretransfusion serum from the kidney donor (Table
2). However, postdonation specimens from 1 of his blood
donors were seropositive (24).

The median interval from transfusion to onset of clin-
ical manifestations was 37 days (range, 11 to 176 days)
among 84 index patients with available data (Figure 3).
Although babesiosis generally is considered a febrile illness,
13 (of 105) index patients were afebrile (9, 26, 32), includ-
ing ar least 4 adults who had cancer or were receiving
immunosuppressive therapy. The median interval from
symptom onset to diagnosis of index cases was 6 days
(range, O to 54 days; » = 84). Babesiosis often was diag-
nosed incidentally, in some instances during routine out-
patient evaluations (6), during hospitalizations for unre-
lated reasons, or after the patient had recovered (30) or
died (data not shown). Typically, Babesia parasites were an
unexpected finding when a blood smear was cxamined,
usually in the context of a complete blood count with a
manual differential (9). When intraerythrocytic ring forms
were noted, malaria was the first diagnostic consideration
for more than 20 index patients, at least 14 of whom were
initially treated for malaria.

The minimum all-cause moruality rate among index
patients was 19% (6-9, 18, 19, 32-34, 40, 44) (Table 2);
Figure 3 provides various intervals to death. Some patients
had a bleak prognosis even without the potential com-
pounding effects of babesiosis. The 27 index patients
known to have died include the kidney donor described
earlier, whose posttrauma death on the day of transfusion
dearly was unrelated to babesiosis. For other patients with
available data, there was a spectrum of likelihood that
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] O Babesia microti-endemic state (n = 122)
01 @ Other state (n = 19)

Index Cases,
]
s

204 J
104 ‘

= 1979-84 1965-9 1900-4 19953 20004 30059
Transfusion Feriod

Cases, n

Endemlc states®

Massachisetts 2 2 12
New York 2 7 10 26
Connécticut . . 1 4 7 1 6
Minnesota 1 1 1 8
Rhode Jsland, 1 1 8 1
New Jersey 2 1 a4
Wisconsin™ 1 2
Other statest

New Himpshiret 1

Maryland§ 1 2
Pennsylvanla 1 2
Texas 1 1
WashIngton 1

Ohlofl 2
Indianall . 1
Oelaware 1
North Carolind 1
Californla 1
Flofida 2
Virginla§ 4

Total index cases
per period 4 3 [ 19 26 B3

By period and state of wansfusion. The data are limited to the 141
B. microti index cases, 12 of which were associated with multicase clus-
ters (Table 1). Dara for the 3 B. duncani cases, which occurred in Wash-
ington (in 1994) and California (in 2000 and 2008), are not included
The x-axis includes one 6-year period (1979-1984), followed by five
S-year periods. Sec the Methods section for the distinction between the 7
main B. microti-endemic states and “other states™; within cach category,
for the wallies by state (by period), the states generally are listed in the
order of their first identifed case.

* Local and insracegional movements of donors and blood components
were common both in the Northeast and in the upper Midwest (data not
shown).

+ Among the 19 index cases in 12 “other states,” the North Carolina
case and 1 Florida case were not linked to donors, the other Florida case
was linked to 2 Wisconsin cesident who donared blood while wintering
in Florida {cluster K in Table 1), and 1 of 3 Pennsylvania cases was
linked to a P lvania donor who reportedly had not traveled to a
known B. microti-endemic area in another state (8). Information on the
donors linked 10 the other 15 index cases is provided in the text or the
footnotes below for 7 and 8 cases, respectively.

* The donor was.exposed in Massachusetts (32).

§ The 4 index cases in Maryland and Virginia were linked 1o donations
in these states. The linked donors either were or could have been exposed
in the Northeast.

fi The cases in Ohio (# = 2) and Indiana (# = 1) were linked to dona-
tions in Indiana (n= 2) and Ohio (n = 1) by donors exposed in
B. microti-endemic states,
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Transtusion to symptom onset ._..ED_..._._.——.
¢

n = 84)
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= Transfusion to diagnosis
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Transtusion to death ——— | |
(nm21)
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The data are limited to the subscts of the 141 index patients for whom particular intervals wete relevant and were known or cstimable (for example, the
incubation period was unclear for some patients who had comorbid mndmons or alrered menul status). Each box represents the interquartile range
(IQR), the internal vertical line indicates the median, the whiskers show the and the dots indicate the outliers with the longest
intervils (=75% quartile plus 1.5 X IQR). The 21 total dos—S5 (6%), 6 (9%), 8 (7%) and 2 (10%) for the first, second, third, 2nd fourth intervals
from the top, respectively—are accounted for by 8 case patients, all of whom were linked to a donor. The farthest outliers include a patient with sickle

:ell dxsasc who rccelved hcmnmpolcuc progenitor cells from a sibling with sickle trait and became symptomatic approximatcly 6 months after the

{see vexe). The second interval from the

(28) and 2 0f 3 pasiencs who

IDp reflects rh: pmx::ﬁumn hmplnimnun dnnng w u-J: was

plicidy di d, for paticnts who had been discharged at least once in
frer, The fourth interval ineluides dara for 21 of 27 index pﬂn:nb known

the interim or had d as

but
to have died, including the kidncy donor who died on |.h= dav he was transfused {ice text). This interval was greater than 90 days for 2 immunocom-
mmutd patients whose intervals from dugmns o &cmh were |ess than 60 days. The patient who underwent splenectomy 215 days after eransfusion

280 days after fi the patient’s lymph

also relapsed. For patients with available dita, the median interval from symprom onset o death

P
wis IOd.:y:(nn;c 210 51 dzyrn— 18) and the median interval from diagnosis w death was 7 days (range, 0 t 55 days; n = 22).

babesiosis had a causal or contributory role {6, 7); causes of
death often were presumptive or unclear (data not shown).

Blood Donors and Components

A linked donor with laboratory evidence of B. microti
infection was identified for 118 index cases (84%), which
encompass 136 total cases (86%) (Figure 1). Among the
117 linked donors whose B. microti IFA test results were
known, the median reciprocal antibody titer was 256
(range, 64 to 4096; interquartile range, 256 to 1024).
Twenty-four donors (20%) had parasitologically confirmed

infection (Table 2). The 20 donors with positive PCK -

results include 12 (71%) of 17 for whom blood retained
from the original donation was tested compared with 8
(14%) of 56 for whom only postdonation specimens were
available (P < 0.001). The median age of the 80 donors
with available data was 49 years (range, 17 to 72 years); 18
donors (23%) were at least 60 years of age. Although clin-
ical information typically was anecdotal or unspecified,
some donors had pre- or postdonation symptoms or ane-
mia of potential relevance (5, 24-27). For example, the
donor who had 4 consecutive donations linked to trans-
mission {cluster H in Table 1) had been temporarily de-
ferred because he was anemic when he first attempted to
donate after exposure (5).

Among the 151 cases for which the type of blood
component was determined, 4 cases were linked to whole
blood—derived platelets (4, 5, 14) and 147 were associated
with red blood cells (RBCs). The median age of liquid-
stored RBCs at the time of transfusion was 16 days (range,
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4 to 40 days; n = 106); 4 case paticnts received RBCs that
were 35 to 40 days old. At least 4 padents received frozen-
deglycerolized (vs. liquid-stored) RBCs (18, 35, 43). Many
patients received leukoreduced RBCs (data not shown); at
least 10 received irradiated RBCs.

Babesia duncani Cases

The 3 documented B. duncani cases were linked to
RBC transfusions in Washington {in 1994 [16]) and Cal-
ifornia (in 2000 [45) and 2008). In cach instance, the case
patient and implicated donor lived in the same state and
had parasitologically confirmed infection. The case patients
include a preterm infant (45), a 59-year-old man with a
hemoglobinopathy (Bloch EM, Herwalde BL, Leiby DA,
et al. Unpublished data), and a 76-year-old man with a
myelodysplastic syndrome who underwent cardiac surgery

(16).

Discussion

Babesiosis is an uncommon but potentially life-
threatening complication of transfusion that has been in-
creasingly recognized since the first described U.S. case in
1979. Donor-screening practices do not yet include rou-
tine testing for evidence of Babesia infection. In this con-
text, prompt detection, treatment, investigation, and re-
porting of Babesia cases are essential. Babesiosis should be
included in the differential diagnosis of unexplained post-
transfusion hemolytic anemia, with or without fever, re-
gatdless of the season or U.S. region. To enhance the abil-
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ity of public health authorities to detect, moniror, and
prevent transfusion and tickborne cases, babesiosis has
been designated a nationally notifiable condition, effective
January 2011; as such, cases reported to health depare-
ments are notifiable to the CDC.

For the 31-year period of 1979-2009, we included
159 B. microti transfusion-associated cases, which were dis-
persed in time (all 4 seasons and 22 years) and place (19
states). Protracted parasitemia in some infected donors (5,
6, 16, 17), donor travels to and from areas of endemicity
{6, 26), and distributions or shipments of blood compo-
nents account for the potential for year-round transmisston
anywhere in the country. Donor travel also accounted for
the 1 reported transfusion-associated case of babesiosis in
Canada, which was linked to a Canadian donor infected
during a camping trip in Massachusetts (46). The majority
(87%) of the 159 identified U.S. cases occurred in the 7
main B. microti—endemic states, which probably reflects
higher risk and greater awareness. The annual case counts
fluctuaced, both overall and by locale (data not shown); the
limited available risk estimates for transfusion transmission
also have varied in time and place (2, 3, 8, 9, 30, 39). Even
so, that the majority (77%) of these 159 cases occurred
during 2000-2009 is noteworthy, regardless of whether
some of the aggregate increase reflects improved recogni-
tion and reporting. In comparison, for the period of 1979—
2009, the CDC's National Malaria Surveillance System
tallied 49 cases of transfusion-associated malaria, only 5 of
which occurred during 2000-2009 (Arguin P. Personal

ication). Babesi i has become the most fre-
qucndy reported transfusion-transmitted parasite in the
United States (2, 3). In general, public health reports of
tickborne Babesia cases also have increased in aggregate,
with temporal and spatial fluctuations (CDC. Unpub-
lished data); a national surveillance definition was first im-
plemented in January 2011.

In addition to the 159 B. microti cases, we included 3 B.
duncani cases in western states (16, 45), for 2 total of 162
transfusion-associated cases. The B. duncans cases, like those
caused by B. microsi, were in patients who ranged from pre-
term to eldetly and who had comorbid conditions. That in-
fection with B duncani—and with other U.S. zoonotic
Babesia agents described since the 1990s (47, 48)—is not
detected by serologic or molecular assays for B. microti has
implications for diagnostic testing, transfusion investiga-
tions, and potential future donor screening.

As expected, almost all cases for which the type of
component was determined were associated with RBC
transfusions. Red blood cell components of all storage ages,
including greater than 5 weeks, were associated with trans-
mission, as were components that had been leukoreduced,
irradiated, or frozen. Although we did not conducr risk
analyses, our findings underscore that Babesia parasites can
survive blood bank procedures and storage conditions for
RBC componcnts. The 4 identified cases linked to whole
blood- detived platelets span from 1979 (the first described
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transfusion case) to 2000 and presumably were attributable
to residual RBCs or to extracellular parasites in the platelet
units (4, 5, 14, 49). These 4 cases—and the cases in infants
transfused with small RBC aliquots—underscore that small
inocula can suffice to cause infection. However, even a
segment from an implicated unit may test negative by
PCR: The small volumes tested do not approximate the
volumes transfused (1, 2).

Some of the demographic and other characteristics of
the case patients reflect those of transfused patients in gen-
eral (2, 4) but may bhave particular importance in the con-
text of babesiosis. For example, advanced age is a risk factor
for severe babesiosis, even in otherwise healthy persons;
transfusion recipients often have comorbid conditions that
can increase their vulnerability to the compounding effects
of babesiosis and interrelated complications (such as multi-
organ dysfunction and death) (6, 7, 18, 19, 33, 34). On
the other hand, even some of the adult index patients were
afebrile, including several patients receiving immunosup-
pressive therapies that may affect the host response to in-
fection. Although most index cases with available data were
diagnosed within 2 months of transfusion, a noteworthy
minority of cases were diagnosed months later, such as in
the context of posttransfusion splenectomy (Figure 3).
These points not only have clinical relevance but also may
affect transfusion investigations and case counts: The like-
lihood that transfusion transmission is considered and is
investigated successfully may be lower for cases with longer
intervals from the pertinent transfusion to symptom onset
or diagnosis.

The 162 transfusion-associated cases we enumerated
undoubtedly represent a fraction of those that occurred.
The extent to which cases were not detected, investi-
gated, or reported (to the CDC, to other public health
authorities, or in publications) is unknown, both in gen-
eral and with respect to periods, regions, and various
case characteristics and outcomes. As underscored by the
incidental diagnosis of Babesiz infection, even severe
cases in babesiosis-endemic regions can be missed or
misdiagnosed, not just cases that are asymptomatic or
mild or that occur in other U.S. regions. Even if a case
is diagnosed, a transfusion investigation might not be
considered, conducted, completed, or conclusive. The
cases we included that were not linked to 2 donor (Fig-
ure 1 and Table 2) highlight the challenges associated
with contacting all pertinent donors and obtaining post-
transfusion specimens for testing; segments from the
original donations typically are not still available. Our
tallies probably constitute undercounts even of docu-
mented transfusion cases (for example, those thar did
not come to our attention or did not meet our selection
criteria) but inadvertently might include some tickborne
cases. As with all surveillance, case ascertainment, selec-
tion, and classification depended on the completeness
and accuracy of the available data.
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Our findings underscore the year-round vulnerabil-
ity of the U.S. blood supply— especially, but not only,
in and near babesiosis-endemic areas. They also high-
light the importance of multiagency collaborative efforts
to detect, investigate, and document transfusion cases;
to assess the risks for transfusion transmission; and,
thereby, to inform the scope of prevention measures. In
2009, the Transfusion-Transmitted Diseases Committee
of AABB (formerly, the American Association of Blood
Banks) categorized babesiosis in the highest risk level for
blood safety to be prioritized for intervention (50). Do-
nors with subclinical infection are not identified by ex-
isting measures (such as temporary deferral of persons
with systemic symptoms, fever, or anemia), no Babesia
assay for screening donors has been approved by the
FDA, and pathogen reduction techniques for RBCs or
platelets are not available in the United States (1, 2, 50).
The FDA’s Blood Products Advisory Committee thac
was convened on 26 July 2010 supported the concept of
regional donor testing for Babesia (51). The increasing
recognition of transfusion cases strengthens the impetus
for screening strategies that mitigate the transmission
risk (1-3, 50, 51), including testing approaches imple-
mented under FDA-approved protocols (1, 3, 51) and
longer-term strategies with development of a high-
throughput Babesia screening assay.
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The month of donation was known or estimable for 128 of 148 dona-
tions (by 141 donors) associated with transmission (Fignre 1). The 19
donations by the 12 donors linked to multicase clusters occurred in 10
different months. [fapplicable, the month of donation was approximated
by subtracting 16 days (the median age of fiquid-stored red blood cells at
the time of transfusion; see text) from the transfusion date. The dona-
tions linked to the 3 B. duncani cascs occurred in April (r = 2) and
August (n = 1); these data are not included.

18 October 2011 Annals of Internal Medicine | Volume 155 « Number 8{W-157

No. 12

AR E2

EES PIRHBE RERGE

x| 8
BRED (g
HIE*N' oG o Qﬁj:\
5 He LT  SSa
8 o8 EE ol
g [ g
8l K N o
4 e KES
& RiEE =HEC
W © R
% W H v8 % ﬁ@
S DO g X ’E%H = S
3 =t €35,
2 ST o H & 2 oy
g f oz & 3 S8
] o +) i & é%
He = 2 Ha W o
= % Kg © 1 B
E_3 BS g% R
PRl 233 o6 @S
ol 358 B o RlEg
<2 Si2 LI DR N
#.—2 g B3 »o_)h"lﬁke A& e
| 3| 55« FHESE B¢ 58
Sl g2%% R EAR R
= BuSE Froak S
= ngﬁ% '!%'}(gg
Eis B - %;Q
& HERKG H %
< Xtk ek
u « eSS Lo
# 2 NS USE i1
L ﬂu ,}g OA(\iﬁi Ry
B TESRE i
A g S v b e
5 do g W X LB
X R L g =
+  [KaH.omE 2
& IHET KK b
ﬁﬁ KmSHEeS 0
= ﬂﬂ-{ﬁf’gﬁl’: =
| kg [SREEYE =
< | Z2& [REzZREEY g
8| g8 RuxdsQw A
% | 3% |laWagfnl m 2
R | && [EEcgPEX o
85 [EECERRE &
BE [EEU wcow i
3 ems RN &
&858 ﬁgvﬁ"’gﬂ(h 41 /0
Fod Jg;g"jf&,&ﬁl'\ ﬁ;’g
= o  [EEER3EL 4
% WE o QS I
§ | % EEinGiw 48
e | © [lEsssid o
ﬂll" a & m'l'é&\ﬁﬁ%ﬁ m*-*}ﬂ
Mo £ [OXRIKEKQG Pg
& 5 B 88 8 40 © MEBK %3

MedDRA/J Ver.14.1J



JRC2011T-039

GASE REPDRTS

Clinical Presentation and Treatment of Transfusion-
Associated Babesiosis in Premature Infants

AUTHORS: Kari A. Simonsen, MD,2 Joseph I. Harwell, MD,?
and Shabnam Lainwala, MD®

®Pediatric Infectious Diseases, University of Nebraska Medical
Center, Omahq, Nebraska; *Adult and Pedlatric Infectious
Diseases, Brown University, Providence, Rhode Island: and
“Neonotology, Connecticut Children’s Medical Center, Hartford,
Connecticut

KEY WORDS
Bobesia,
par i
parasitemia/diagnosis, infant. premature/di infant,
premature/parasitology, blood transfusion/adverse effects
ABBREVIATIONS
PCR—polymerase chain reaction
pRBC—packed red blood cell
DOL—day of life

{FA—indirect fluorescent antibody
ELBW—extremely low birth weight

www pediatrics org/cgi/doif10.1542/peds 2010-0502
dol:10.1542/peds 2010-0502
Accepted for publication May 10, 2011

Address core to Kari A. Si MD, Pediatric
infectious Diseases, University of Nebraska Medical Center,
982162 Nebraska Medical Center, Omaha, NE 68198-2162. E-mall:
kasimonsen@unmc.edu

PEDIATRICS {ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
Copyright © 2011 by the American Academy of Pedlatrics
FINANCIAL DISCLOSURE: The authors have indicated they have

=== ———ngfinantiol refationships refevant to this-article-to disclose———

PEDIATRICS Volume 128, Number 4, October 2011

abstract

We review here 7 cases of neonatal transfusion-associated habesiosis
at a NICU in the northeast United States. Transfusion from 2 infected
units of blood resulted in the 7 cases described. The clinical presenta-
tion was highly variable in this cohort; the extremely low birth weight
neonates were the most severely affected. Antibiotic therapy was ef-
fective in neonates with mild and asymptomatic infection; however,
double-volume exchange blood transfusion with prolonged multidrug
treatment was required for the 2 most severe cases. The risk of Babe-
sia microti infection is not eliminated through current blood-bank
practices. Neonatologists in endemic areas should have a high index of
suspicion for babesiosis in premature infants exposed to blood trans-
fusions. Pediatrics 2011;128:e1019-e1024

Babesiosis is a zoonotic protozeal ifl-
ness transmitted primarily by Ixodes
scapularis ticks in North America
The majority of cases in the Northeast
and the upper Midwestern regions
are attributed to Babesia. microti}
Transfusion-associated babesiosis is
well documented in aduits.2 The clin-
ical manifestations range from asymp-
tomatic infection to fulminant disease
and death.? Babesiosis in neonates oc-
curs through blood transfusion or
transplacental transmissjon.®'2 Pre-
mature infants are at increased risk
for babesiosis; they are immunologi-
cally compromised and may require
multiple blood transfusions during
their hospitalization.’™'5 We review
here a series of neonatal transfusion-
associated babesiosis cases and em-
phasize the clinical presentation and
management strategies for severe
disease.

METHODS

These cases occurred in 2 clusters. In-
dex cases were identified clinicallyand
diagnosed by using peripheral blood
smears performed for manual white
blood celi count and differential,
Blood-bank tracing identifled other ex-
posed infants. All follow-up testing and
quantifications of parasitemia were
performed by using thick and thin
blood smears. Blood samples for poly-
merasa chain reaction (PCR) were ob-
tained for confirmation of diagnosis on
the day of initial positive smear result
for the index patients and at the time of
initial evaluation for other exposed in-
fants. PCR testing was performed at a
single reference laboratory (Mayo
Medical Laboratories, Rochester, MN)
using licensed methods (Roche Molec-
ular Biochemicals, Indianapolis, iN). In-
fants in cluster 1 had additional confir-
matory testing by PCR and blood
smears performed at the Centers for
Disease Control and Prevention (At-
lanta, GA) using previously reported
methods,® and all PCR results were

€1020  SIMONSEN et al

concordant. Demographic and trans-
fusion details of all but 1 infant (Table
1) have been included in other
reports 81

Case Reports

Gluster 1

This cluster of cases included 4 very
low birth weight (=1500 g) infants
with gestational ages that ranged from
24 to 27 weeks. The index case was a
25-week-gestational-age twin with a
birth weight of 760 8. The infant’s clin-
ical course was significant for respira-
- | A
i 8, i lar hemor|
and_anemia of prematurity that re-
guired muttiple packed red blood cell
(pRBC) transfusions. The index trans-
fusion occurred on day of life (DOL) 3.
On DOL 36, the infant’s clinical status
deteriorated with worsening respira-
tory status, poor perfusion, hyperther-
mia, generalized edema, and hepato-
splenomegaly. Laboratorytests revealed
anemia (hemogiobin: 104 g/dl),
thrombocytopenia (17000 cells per
pl), and conjugated hyperbiliru-
binemia (144 mg/dl). The infant
empirically received ampicillin, genta-
micin, and amphotericin B while evalu-
ation for sepsis was performed. All
Loutine bacterial, viral, and_fungal
study results were negative. A periph-
eral blood smear performed on DOL 51
revealed that 17% of erythrocytes con-
tained intraerythrocytic parasites con-
sistent with Babesia sp. The infant be-
gan 20 mg/kg per day of clindamycin
intravenously in 3 divided doses and 25
mg/kg per day of quinine orally in 3
divided doses. Qouble-volume ex-
change blood transfusion was per-
level depreased to 33%. By day 5 of
therapy, parasitemia increased to
5.8% erythrocytes. The infant received
a second exchange transfusion, and
azithromycin (12 mg/kg per day intra-
venously) and atovaquone (40 mg/kg

per day orally in 2 divided doses) were
added to the antimicrobial regimen.
The parasite load decreased signifi-
cantly after the second exchange
transfusion; however, low levels of de-
tectable parasitemia persisted. Qui-
nine was discontinued after 8 days of
treatment, and all other antibiotics
were discontinued on treatment day
28 after 2 peripheral blood smears ob-
tained 3 days apart tested negative for
Babesia sp (Table 1).

Three infants who _received pRBC
transfusions from the same donor

blood as the index case were identi-
fied. Peripheral blood smears from all
3 infants revealed_parasites, and the
infants were treated with antibiotics
(Table 1)8" The peripheral blood
smears from the mother and twin sib-
ling of the index patient tested negative
for intraerythrocytic parasites. An in-
direct fluorescent antibody (IFA) test
on the plasma obtained from the do-
nor pRBC sample was performed at
the Centers for Disease Control and
Prievention (CDC), and the results were
positive for 8 microti (1:256). However,
the results of PCR testing and periph-
eral blood smears from donor biood
performed at the CDC were negative.

Cluster 2

The second cluster of babesiosis cases
included 3 low birth weight (=2500 ¢)
infants who received pRBC transfu-

- sions from a single infected donor. The

index case was born at 25 weeks’ ges-
tational age with a birth weight of 770
g. The infant’s clinical course was sig-
nificant for respiratory distress syn-
drome, chronic lung diseass, intraven-
tricular hemorrhage, and fungal
sepsis. The infant received the infected
pRBC transfusion on DOL 1. On DOL 33
the infant's clinical status acutely de-
teriorated with hypotension, respira-
tory distress, and splenomegaly. Labo-
ratory evaluations reveated anemia
(hemoglobin: 7.6 g/dL) and thrombocy-
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was discontinued when the patient
remained symptomatic while on
therapy. In critically il} premature ne-
onates, enteral absorptionthrough the
immature gut may be unrefiable, and
intravenous quinidine should be con-
sidered an alternative. None of the in-
fants in this series had evidence of re-
currence of infection before discharge
from the NICU.

Exchange transfusion is indicated for
severe babesiosis associated with par-
asitemia of =10% or significant organ
dysfunction.®2 Four adult patients
with babesiosis treated with red blood
cell exchange transfusion had a 50% to
50% reduction in parasitemia.?s We re-
port here successful use of exchange
transfusion for the treatment of se-
vere babesiosis in 2 ELBW infants who
presented with initial parasitemia of
17%. After double-volume exchange
blood transfusion, the parasite load in
these infants decreased by 83% and
47%, respectively. Babesia parasites
survive almost exclusively within
erythrocytes; thus, exchange transfu-
sion is beneficial by rapidly reducing
the parasite burden and the circulat-
ing proinflammatory cytokines.?*

In endemic areas such as Rhode Isiand
in the northeast United States, an esti-
mated 1 in 21 000 red blood cell units
are infected with Babesia® which
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The third described case of transfusion-transmitted
Babesia duncani
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BACKGROUND: Almost all of the reported US tick-
borne and transfusion-associated Babesia cases have
been caused by Babesia microti, which is endemic in
the Northeast and upper Midwest. We investigated a
case caused by B. duncani (formerly, the WA1-type
parasite), in a 59-year-old Califomnia resident with sickle
cell disease (HbSS) whose only risk factor for infection
was receipt of red blood cell transfusions.

CASE REPORT: The patient's case was diagnosed in
September 2008: intraerythrocytic parasites were noted
on a blood smear, after a several-month history of
increasing transfusion requirements. Molecular and indi-
rect fluorascent antibody (IFA) analyses were negative
for B. microti but were positive for B, duncani (IFA titer,
1:1024). The complete 18S ribosomal RNA gene of the
parasite was amplified from a blood specimen; the DNA
sequence was identical to the sequence for the index
WA1 parasite isolated In 1991. The patlent's case
prompted a transfusion investigation: 34 of 38 pertinent
blood donors were evaluaied, none of whom tested
positive by B. microtf IFA. The implicated donor—a
67~year-old California resident—had a B. duncani titer
of 1:4096; B. duncanl also was isolated by inoculating
Jirds (Mongolian gerbils) with a blood specimen from
March 2009, more than 10 months after his index dona-
tion In April 2008. The patient's case was diagnosed
more than 4 months after the implicated transfusion in
May 2008,

CONCLUSIONS: This patient had the third documented
transfusion case caused by B. duncani, His case under-
scores the fact that babesiosis can be caused by
agents not detected by molecular or serologic analyses
for B. microti.

abesiosis is a tick-borne disease caused by
intraerythrocytic parasites that also are trans-
missible by transfusion.'® During the past three
decades (1979-2009), more than 150 US cases of
transfusion-associated babesiosis have been recognized,
most of which have been linked to red blood cell (RBC)
components (liquid stored or frozen deglycerolized?);
whole blood—derived platelets (PLTs) also have been
implicated, presumably because of residual RBCs or extra-
cellular parasites in PLT concentrates.>*1° No test has been
approved by the Food and Drug Administration (FDA) for

ABBREVIATIONS: ICU = intensive care unit; IFA = indirect
fluorescent antibody.
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screening US blood donors for evidence of Babesia infec-
tion.® Prevention of transfusion transmission currently
relies on indefinite deferral of potential donors who have a
history of babesiosis (those who answer “yes” to the ques-
tion “have you ever had babesiosis?”") and temporary
deferral of donors who are febrile or anemic. However,
persons who are otherwise healthy can meet the criteria
for donating blood despite being infected; low-level para-
sitemia can persist for weeks to months, sometimes longer
than a year.!""*® Babesia infection also can be severe, even
life-threatening, %2 particularly in persons who are
asplenic, at either extreme of age, or immunocompro-
mised, which are common characteristics of transfusion
recipients. '

Babesia microti, which is endemic in parts of the
Northeast and upper Midwest, accounts for almost all of
the reported US Babesia cases, including some transfu-
sion cases documented in other US regions in the context
of movement of donors or blood components253ii-14
The WAL- (for “Washington 1”) type parasite, which was
named B. duncarniin 2006, also has been associated with
both routes of transmission, although its tick vector has
not yet been identified. The index WA1 case occurred in
1991 in Washington State, in an immunocompetent
4l-year-old man, who had a presumptive tick-borne
case.!® The next described case caused by the parasite now
called B. duncani was transfusion associated: it occurred
in 1994 in Washington, in a 76-year-old patient with
myelodysplasia who underwent cardiac surgery.”” The
second documented transfusion case occurred in 2000 in
California, in a preterm infant.' Both of these transfusion
cases were linked to RBC components from healthy,
30-some-year-old donors who had presumptive tick-
borne cases. Here we describe the third identified B. dun-
cani transfusion case, which was diagnesed in 2008 in
California, in a 59-year-old man with a transfusion-
dependent hemoglobinopathy who had become refrac-
tory to RBC transfusions.

MATERIALS AND METHODS

The Centers for Disease Control and Prevention (CDC)
conducted reference laboratory testing for Babesia infec-
tion. Giemsa-stained thin blood smears were examined by
light microscopy for intraerythrocytic parasites; B. dun-
cani is morphologically indistinguishable from B. mi-
croti.!® Serum and plasma specimens were tested in
serial fourfold dilutions, with indirect fluorescent
antibody (IFA) assays for reactivity to B. duncani and
B. microti antigens.’"?

Whole blood specimens were analyzed by molecular
techniques. For B. microti, two-step nested polymerase
chain reaction (PCR) was conducted.*® The molecular
approach used for B. duncani has been described previ-
ously, including the methods for DNA extraction, amplifi-

2 TRANSFUSION Volume **,** **

cation, and sequencing.?' In brief, the complete 185
ribosomal RNA (rRNA) gene was amplified by PCR, with
primers that amplify DNA from parasites in the order
Piroplasmida: the PCR primers were the forward primer
CRYPTOFL (5-AACCTGGTTG ATCCTGCCAG TAGTCAT-
3% and the reverse primer CRYPTORN (5’-GAATGATCCT
TCCGCAGGTT CACCTAC-3). For the organism referred
to as the recipient’s parasite, both strands of the PCR
product were sequericed (BAB1615; GenBank Accession
Number HQ289870); the sequence of the 185 TRNA coding
region was compared with the sequence CDC obtained for
the WAL parasite isolated from the index case patient in
1991' (BAB2; Accession Number HQ285838).

Whole blood specimens (up to 1 mL) were inoculated
intraperitoneally into jirds (Mongolian gerbils; Meriones
unguiculatus), which are competent hosts for B. dun-
cani.’® The jirds were monitored weekly, up to 8 to 10
weeks or until positive, by examination of Giemsa-stained
smears of blood obtained by tail snip. Animal use proto-
cols were approved by CDC's Institutional Animal Care
and Use Committee.

CASE REPORT

In Jate September 2008, a case of B. duncani infection was
diagnosed in a 59-year-old California resident who had
sickle cell disease, an autoinfarcted spleen, a 10-year
history of transfusion-dependent anemia, and a several-
month history of deteriorating health and increasing
transfusion requirements. At baseline, RBC exchange
transfusions at 3- to 4-week intervals sufficed to maintain
a hemoglobin (Hb) level of 10 to 11 g/dL. Comorbidities
included congestive heart failure and chronic renal insuf-
ficiency (baseline creatinine level of approx 3 mg/dL),
both of which had been controlled with medical therapy.

In early June 2008, several months before babesiosis
was diagnosed, he was evaluated because of a febrile
illness. He had a 1-week history of symptoms, which
included anorexia, nausea, diarrhea, respiratory conges-
tion, stiff neck, and 3 days of fever (37.2-38.9°C); his Hb
level was 7.1 g/dL. The diagnoses included otitis media,
viral infection, and dehydration; amoxicillin-clavulanate
and fluids were prescribed.

During the summer of 2008, he remained afebrile.
However, he had frequent outpatient and inpatient evalu-
ations because of weakness, fatigue, and shortness of
breath, which were attributed to anemia. In mid-July, his
Hb level was 8.5 g/dL. After an exchange transfusion 1
week later, the interval between transfusions became
progressively shorter than his 3- to 4-week norm. In
mid-August, he noted darkening of his urine. He became
refractory to transfusions, with Hb levels of not more than
6 g/dL, despite twice-weekly therapy with epoetin alfa.
In addition, he received corticosteroid therapy from
late August through mid-Septeraber for warm-antibody

autoimmune hemolytic anemia, which compounded his
transfusion requirement but was considered insufficient
to account for the severity of his anemia. The corticoster-
oid regimen included a 40-mg dose of methylpredniso-
lone (accompanied by one dose of intravenous immune
globulin), followed by tapering doses of prednisone. The
patient received another 40-rag bolus of methylpredniso-
lone in early September, with tapering doses of methyl-
prednisolone thereafter. A Hb level of 6.9 g/dL in late
August, after corti id therapy had been initiated,
prompted hospital admission, including a 10-day stay in
the intensive care unit (ICU). On admission to the ICU, his
Hb level was 4.9 g/dL. Diagnostic considerations included
thrombotic thrombocytopenic purpura and a delayed-
type fusion reaction. B : of acute (superim-
posed on chronic) renal failure, hemodialysis was initiated
and was continued thereafter. N

He retumned to the ICU later in September, with a
1-week history of nausea, vomiting, loose stools, anorexia,
wealkness, and pain (in the lower back and knees), in addi-
tion to persistent fatigue and weakness. On examination,
his temperature was 37.3°C, his blood pressure was
76/45 mmHg, he was icteric and somnolent but oriented,
and he had tremors in his tongue and upper extremities.
Laboratory values included a Hb level of 5.8 g/dL, PLT
count of 135 x 10°/L, white blood cell count of 15.3 x 10%/L
(45% neutrophils, 20% lymphocytes, and 36% mono-
cytes), reticulocyte count of 16.5%, total bilirubin of
9.6 mg/dL, aspartate aminotransferase of 464 U/L, and
alanine aminotransferase of 117 U/L.

In late September, babesiosis was diagnosed, when
intraerythrocytic parasites, including pathognomonic
tetrads ("Maltese-Cross” forms), were noted on a blood
smear (Fig. 1); according to the hospital laboratory, ap-
proximately 12% of the RBCs were infected. During retro-
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spective examination of available smears, rare parasites
were noted on a smear from mid-July 2008; none were
found on a smear from November 2007. No smears
between November and July were available.

After babesiosis was diagnosed, combination therapy
with clindamycin (600 mg every 6 hr by intravenous infu-
sion) and quinine sulfate (648 mg lbading dose per naso-
gastric tube, followed by 324 mg every 12 hr) was initiated.
In addition to a several-week course of antimicrobial
therapy, he received an 8-unit RBC exchange transfusion.
Parasites were not demonstrable on several follow-up
blood smears in October; his transfusion requirement
also decreased. Because of persistent weakness and
pain, which were attributed to polyneuropathy of critical
illness, he was transferred to a rehabilitation facility. Over
the next 6 months, his neuropathy and mentation gradu-
ally improved; he continued to receive hemodialysis.

Babesia laboratory testing

After a commercial laboratory obtained negative serologic
results for B. microti, the CDC was consulted and con-
ducted reference laboratory testing. CDC confirmed the
diagnosis of babesiosis and determined that the etiologic
agent was B. duncani. Results of molecular and IFA analy-
ses of a blood specimen from late September 2008 were
negative for B. microti but were positive by both modali-
ties for B. duncani (IFA titer, 1:1024). PCR amplification of
the complete 185 rRNA gene yielded a specific product of
approximately 1700 bp. DNA sequencing analysis showed
that the gene was 1768 bases long. The DNA sequence for
the recipient's Babesia parasite was identical to the
sequence for the index WA parasite that was isolated in
1991 and analyzed at CDC (see Materials and Methods
for GenBank accession numbers). The CDC's 185 rRNA
sequence data differ slightly (approx. 0.2%) from another
laboratory's sequence for the index WAL1 isolate (GenBank
Accession Number AF158700), which may reflect different
methods for sequencing and sequence editing. The recipi-
ent's Babesia parasite also was isolated by inoculating
jirds with a blood specimen from the patient.

Transfusion investigation

The patient’s only risk factor for Babesia infection was
receipt of RBC transfusions: he lived in an urban area of a
northern California county and did not have a history of
rural outdoor activities during the previous 2 years. Diag-
nosis of his case of babesiosis prompted a multiagency

Fig. 1. Photogragh of a Wright-Glem ined peripheral
smear of blood obtained from the p in ber 2008,

showing typical Babesia forms: (A) a tetrad (“Maltese-Cross”
dividing merozoite); (B) a piriform (tear drop); and (C) a ring-
like trophozoite (magnification x1000).

igation that encor p d the tr fusions he
received during September 2007 through June 2008, all of
which were of leukoreduced, nonirradiated RBCs. Among
38 pertinent donors from the American Red Cross North-
ern California Region {Qakland, CA) and the Blood
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Centers of the Pacific (San Francisco, CA), 34 provided
specimens for testing; no segments from the original units
were available.

None of the 34 tested donors had detectable antibod-
ies to B. microti. Only one donor—Donor A (the impli-
cated donor)—tested positive by B. duncani IFA (see
below). The RBCs from Donor A were collected in April
2008, when his Hb value was 15.2 g/dL. The RBCs were
transfused to the patient 25 days later, in May. The interval
from this transfusion to the patient's diagnosis of babesio-
sis (in late September) was 130 days, and the interval from
transfusion to the patient’s first known positive smear (in
mid-July) was 56 days. The case patient was the only
recipient of a cellular component from the April donation.

Two specimens from Donor A were collected in
November 2008 and March 2009 for Babesia testing. The
B. duncani IFA titer was 1:4096 for both specimens, which
were tested in parallel, on the same day. Molecular analy-
ses and blood smears were negative. However, he had pro-
tracted, parasitologically confirmed infection: aliquots
from the March 2009 specimen (>10 months after the
index donation) were inoculated into two jirds, both of
which were demonstrably parasitemic when examined on
Day 21 postinoculation.

Donor A was a healthy 67-year-old resident of the San
Francisco Bay Area, who was an avid hiker and mountain
biker, including in the Bay Area, elsewhere in California
(e.g., in the central Sierra Nevada foothills and in multiple
regional and national parks), and in the Northwest. His
interstate travel included hiking trips in Washington and
British Columbia (the fall of 2004) and in Wyoming,
Montana, and Idaho (the fall 0f2007). Although he did not
recall any tick bites, he reported having a possible tick bite
reaction on his right shoulder after a hike in the rural Bay
Area in April 2008, the month of the index blood donation.
He recalled having a mild flu-like illness in October 2007,
after a hike in the southern Bay Area. Although his wife had
notaccompanied him on that hike, she developed asimilar
illness; a blood specimen she provided in May 2009 did not
react to B. duncani antigens in IFA testing at CDC.

Since 2007, Donar A had donated blood five times;
the index donation in April 2008 was the third in the series
of five. The two subsequent donations included one in
early August 2008 (the recipient was lost to follow-up) and
one in late September (the blood was discarded when the
transfusion investigation was initiated). After Donor A was
implicated, he was indefinitely deferred from donating
blood. His two previous donations were in November 2007
(the blood was discarded during processing because of
incomplete filtration) and in January 2008. RBCs from his
January 2008 donation were transfused to an oncology
patient in northern California, who reportedly was
asymptomatic when evaluated in March of the following
year. In April 2009 (415 days posttransfusion), a blood
specimen from the recipient was collected for Babesia
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testing: the B. duncani IFA titer was 1:256, molecular
analyses and a blood smear were negative, and two jirds
inoculated with 22-day-old blood did not develop demon-
strable parasitemia.

DISCUSSION

We investigated a case of B. duncani infection that was
diagnosed in late September 2008, in a chronically trans-
fused patient who had become refractory to transfusions.
The patient had three reasons for hemolytic anemia: sickle
cell disease, which previously had been well controlled;
warm-antibody autoimmune hemolytic anemia, which
was diagnosed in August 2008; and B, duncani infection,
which was diagnosed more than 4 months after the May
2008 transfusion that was implicated in the multiagency
investigation of the RBC transfusions and donors since
September 2007. In retrospect, rare parasites were found
on an extant blood smear from mid-July 2008, approxi-
mately 2 months after the implicated May transfusion.
The interval from the implicated transfusion to onset of
clinical manifestations is unclear. However, if the patient’s
only documented febrile iliness, which occurred in early
June 2008, was caused by babesiosis, the incubation
period was approximately 2 weeks. His Babesia infection
responded to therapy with clindamycin plus quinine,
which remains the standard of care for severely ill
patients.! However, his clinical course was complicated by
prolonged morbidity from multifactorial renal failure and
polyneuropathy.

Both the patient and the implicated donor (Donor A)
were residents of northern California, were seropositive by
B. duncani IFA (but seronegative by B. microti IFA), and
had parasitologically confirmed infection. Donor A, who
was otherwise healthy, had no overt manifestations of
Babesia infection even though he was 67 years old (8 years
older than the recipient). Althpugh the duration of his
infection is not known, his case underscores that B. dun-
cani, like B. microti, can be associated with protracted,
asymptomatic parasitemia: B. duncani was isolated from
a blood specimen collected in March 2009, more than 10
months after his index donation in April 2008. Similatly,
for the first documented B. duncani transfusion case, the
parasite was isolated from a specimen obtiined from the
donor in March 1895, 7 months after the index donation in
August 1994. Although limited data suggest that B. dun-
cani may be more pathogenic than B. microti in experi-
mentally inoculated mice and hamsters, the potential
relevance of these animal data to human infection is
unknown.

For Donor 4, the possibility that recipients of cellular
components from other donations became infected could
not be proven or excluded. Although Danor A undoubt-
edly was infected when he donated again in August 2008,
no information was available about the recipient. Donor

A’s infection status back in January 2008 is unknown, and
the Babesia test results more than 13 months posttransfu-
sion for the recipient of RBCs from that donation (an
oncology patient) are noteworthy but not definitive—in
particular, the patient's B. duncani IFA titer of 1:256. The
threshold for considering a B. duncani IFA result positive
has not been well established: to our knowledge, fewer

than 10 B. duncani cases have been parasitologically’

confirmed and monitored serologically. The oncology
patient’s possible case of B. d i infection was not
parasitologically confirmed, only one specimen was
tested, and limited epidemiologic and clinical informa-
tion was available. However, the negative results of PCR
analyses and animal inoculation do not exclude the pos-
sibilities that the patient either had been or still was
infected, regardless of the mode of transmission; these
methods are not sufficiently sensitive for reliable detec-
tion of low-level parasitemia.

Much remains unknown about B. duncani, such as
the interrelated issues of its geographic distribution, tick
vector, and reservoir host(s),'® as well as the incidence and
prevalence of infection in humans, including blood
donors and recipients. The case we described, the third
documented transfusion case caused by B.duncani,
underscores that the difficulties inherent to detecting and
investigating Babesia cases are compounded in patients
whio have been chronically transfused, have multicause
hemolytic anemia, and are infected with species other
than B. microti. Human infection with B. duncani and
other novel Babesia agents® is not detected by serologic or
molecular assays for B. microti, which has ramifications
not only for diagnostic testing and transfusion investiga-
tions but also for potential future screening of blood
donors.? Effective measures for preventing transfusion
transmission of Babesia parasites are needed. Although
the highest near-term priority is the development and/or
implementation of FDA-approved donor-screening test(s)
for B. microti, there also is a need for Babesia genus- (vs.
species-) level assays.
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BLOOD DONORS AND BLOOD COLLECTION

Deconstructing the risk for malaria in United States donors
deferred for travel to Mexico

Bryan Spencer, Steven Kleinman, Brian Custer, Ritchard Cable, Susan L. Wilkinson, Whitney Steele,
Patrick M. High, and David Wright for the NHLBI Retrovirus Epidemiology Donor
Study-1I (REDS-II)

BACKGROUND: More than 66,000 blood donors are
deferred annually in the United States due to travel to
malaria-endemic areas of Mexico. Mexico accounts for
the largest share of malaria travel deferrals, yet it has
exiremely low risk for malaria transmission throughout
most of its national lenitory, suggesting a suboptimal
balance between blood safety and avaitability. This
study sought 1o determine whether donor deferral
requirements might be relaxed for parts of Mexico
without compromising blood safety.

STUDY DESIGN AND METHODS: Travel destination
was recorded from a rep ative ple of p!

ing blood donors deferred for malaria travel from six
blood centers during 2006, We imputed to these donors
reporting Mexican travel a risk for acquiring malana
equivalent to Mexican residents in the destination loca-
tion, adjusted for length of stay. We extrapolated these
results 1o the overall US blood donor population.
RESULTS: Risk for malaria in Mexico varies signifi-
cantly across endemic areas and is greatest in areas
infrequently visited by study donors. More than 70% of
blood donor deferrals were triggered by travel to the
state of Quintana Roo on the Yucatdn Peninsula, an
area of very low malaria transmission. Eliminating the
travel deferral requirement for all areas except the state
of Oaxaca might resuit in the recovery of almost 65,000
blood donors annually at risk of approximately one con-
taminated unit collected every 20 years.
CONCLUSION: Deferral requirements should be
relaxed for presenting donors wha traveled to areas
within Mexico that confer exceptionally small risks for
malaria, such as Quintana Roo.
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ransfusion-transmitted malaria (TTM) is a
potentially lethal outcome of blood transfusion,
but one that is uncommon in the United States.
On average, the past two decades have seen less
than one case of TTM per year, representing a rate of less
than 0.1 per 10° red blood cell transfusions.!"*TTM preven-
tion currently relies on exclusion of donors who might
present risk for malaria infection. Based on requirements
and recommendations of the Food and Drug Administra-
tion (FDA)* and the AABB,® the deferral period is 3 years
for those who report a history of malaria infection or of
prior residence in a malaria-endemic country as defined
by the Centers for Disease Control and Prevention (CDC),*
whereas itis 1 year for donors with travel to parts of coun-
tries considered endemic for malaria by CDC.
The number of presenting or productive donors with
nonzero risk for harboring malaria parasites is essentially

ABBREVIATIONS: API = annual parasitological index, b
of cases reported per 1000 residents per year; BCP = Blood
Centers of the Pacific; BCW = BloodCenter of Wisconsin;

HOX = Hoxworth Blood Center, University of Cincinnati;
ITxM = Insti for Transfusion Medicine; NEARC = American
Red Cross, New England Region; SARC = American Red Cross,
Southern Region; TTM = transfusion- transmitted malaria,
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DECONSTRUCTING THE RISK FOR MALARIA {IN US DONORS

unknown, as is the relative likelihood for infection across
the different malaria deferral categories. However, empiri-
cal evidence in the United States'?” and other countries® '
clearly implicates donors from sub-Saharan Africa in
cases of TTM over the past three decades. While many of
these donors were improperly accepted due to an error
during health history screening, others were rare biologic
outliers whose semi-immune status allowed for Plasmo-
dium parasite carriage for several years. This occurred
most often with Plasmodium falciparum and also with P
malariae, a more benign species known to remain unde-
tected for decades.’

In contrast to those with long-term residence in sub-
Saharan Africa and a few other highly endemic areas,
donors reporting routine travel to malarial areas appear to
confer relatively low risk for transmitting malaria to recipi-
ents of blood products. In fact, over a 28-year period, only
one donor out of 32 implicated in TTM cases was a native-
born US resident on routine travel.'?” While denominator
data that would allow for accurate risk comparisons
across the different deferral categories are lacking, there
can be no doubt that the 1-year deferral period for short-
term travelers has a significant impact on blood availabil-
ity. A recent analysis by our consortium estimates that
annual deferrals by US blood centers might surpass
150,000,'* and unpublished data suggest that several times
that many might self-defer."*

To assess the risk that donors who report a travel
history requiring malaria deferral might actually be
infected with malaria parasites, our prior study detailed
the travel destinations of a representative sample of blood
donors with malaria travel deferral.”® Using public data
sources on imported malaria in the United States'®?
and on numbers of travelers to different countries and
regions,?'?2 we developed region-specific risks for malaria
infection that suggested a 1000-fold greater risk for travel-
ers to Africa versus Mexico. Traveler risk to Mexico was
estimated as roughly 1 in 800,000 for those who visited an
area triggering malaria deferral. We concluded that these
data supported the relaxation or elimination of the year-
long deferral period for travel to Mexico, with a negligible
marginal increase in risk balanced by the récovery of tens
of thousands of donors annually.”?

Given the large number of deferrals after travel to
Mexico, and the long-term trends in malaria incidence
there, this article reports a follow-up analysis focusing
only on this country. Mexico is a country of low and
declining risk for malaria, one where the remaining areas
of natural transmission are characterized as scattered foci
in rural areas populated by indigenous inhabitants.?
Although firm data are unavailable on how many US tour-
ists visit any given location within Mexico, US malaria
surveillance figures support the interpretation that most
travelers visit areas with very low risk for malaria. For each
year from 2000 to 2007, an average of approximately six

and a maximum of 11 US residents have acquired malaria
in Mexico that was diagnosed following return to the
.United States,”'>2*2* gut of an average of roughly 20
million visitors annually with at least an overnight stay.?
Furthermore, a disproportionate share of these malaria
cases occurred in Mexican citizens now residing in the
United States,” so the risk for routine, US-born travelers
appears exquisitely low.

To develop risk estimates for malaria infection in
blood donors that are independent of the travel destina-
tion within Mexico for overall US travelers, this article
adopts an alternate methed that derives donor risk from
malaria risk figures for the local populations of the areas
visited. Specifically, we recorded destination(s) of travel
within Mexico for the same cohort of deferred donors
described in the earlier analysis' and used malaria sur-
veillance indicators developed by the Mexican Ministry
of Health for the same areas during the same time frame
as a measure of potential malaria risk faced by blood
donors deferred for travel to Mexico. Because the
Mexican morbidity data reflect risk for year-round resi-
dents, we adjust the donor risks for duration of exposure.
To provide a basis for selective alterations to current
deferral requirements for Mexico, we disaggregate the
results by state, since distribution of risk across the
country varies significantly. g

MATERIALS AND METHODS

Source of data on presenting US blood donors
deferred for iravel to malaria-endemic areas

in Mexico

Six blood centers participating in the Retrovirus Epide-
miology Donor Study-1I (REDS-ID) program sponsored by
the National Heart, Lung, and Blood Institute (NHLBI)
provided data for this analysis. These centers represent
geographically and demographically diverse populations
and collectively account for more than 8% of annual
allogeneic blood collections in the United States.’ The
REDS-II blood centers include the Blood Centers of the
Pacific (BCP; San Francisco, CA); BloodCenter of Wiscon-
sin (BCW; Milwaukee, WI); Hoxworth Blood Center, Uni-
versity of Cincinnati {(HOX; Cincinnati, OH); the Institute
for Transfusion Medicine (ITxM; Pittsburgh, PA); the
American Red Cross, New England Region (NEARC;
Dedham, MA); and the American Red Cross, Southern
Region {SARC; Dbuglasville, GA). Each center retrieved
blood donation records from the first 60 donors deferred
for malaria travel in either the even-numbered (BCW,
ITxM, SARC) or odd-numbered months (BCP, HOX,
NEARC) throughout 2006 to ensure that seasonal pat-
terns in travel were captured. Data were recorded on
donor demographics, date of presentation, dates of travel
in malaria-endemic regions, and the destination country
or countries with malaria risk for up to five countries,
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Countries were ranked by malaria risk,%’ and specific
locations triggering malaria deferral were recorded ver-
batim from the blood donation records for the two coun-
tries with highest risk for malaria. This analysis reports
only on the subset of donors for whom Mexico either was
the only country visited with malaria risk or was the
country with the highest risk. Deferral records lacking the
destination country or the date that deferral began were
excluded from the analysis.

Estimate of annual deferrals of US blood donors
for malaria-risk travel to Mexico

The proportion of malaria travel deferrals that were allo-
cated to Mexico for the six REDS-II centers was used to
estimate the annual number of malaria travel deferrals
associated with Mexico for US donors overall. Annual data
on allogeneic donations and malaria travel deferrals were
recorded and summed across all centers, and each cen-
ter's contribution to national estimates was weighted by
its share of the collective REDS-II malaria travel deferrals.
Based on their aggregate contribution of 8,07% of US allo-
geneic donations,® the blood centers’ estimates for
malaria deferrals were multiplied by 12.4 to extrapolate to
the US overall. These figures have been updated from the
earlier article'® to account for the availability of US dona-
tion data from 2006, which increases the projections of
US deferrals for malaria travel from 150,537 to 161,105.
When a donor reported more than one trip with a visitto a
malaria-endemic area, the most recent trip was chosen for
analysis. When more than one geographic region within
Mexico was visited, the donor’s visit was allocated to the
area of higher risk for malaria infection, based on Mexican
public health data. Donor's travel destination was
assigned to the smaller administrative unit possible
between state- and county-level destinations. Donors for
whom location within Mexico was not available were
assumed to represent randomly missing data and were
accounted for by proportional weighting for those donors
who did report Jocation, for each of the six blood centers.

Criterla for malaria travel deferral to different areas
of Mexico

For US travelers, risk for malaria infection is described by
the CDC on a country-by-country basis,® and by FDA
requirement this information is used as the basis on which
donor acceptability is determined.! For the time frame of
this study-donor presentation during 2006 and donor
travel during 2005 through 2006—the description of
malaria risk in Mexico was as follows:

Risk in rural areas, including resorts in rural areas of
the following states: Campeche, Chiapas, Guerrero,
Michoacdn, Nayarit, Oaxaca, Quintana Roo, Sinaloa,
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and Tabasco. In addition, risk exists in the state of
Jalisco (in its mountainous northern area only). Risk
also exists in an area between 24° N and 28° N latitude
and 106° W and 110° W longitude, which lies in parts
of Sonora, Chihuahua, and Durango. No malaria risk
exists along the United States-Mexico border. No
malaria risk exists in the major resorts along the
Pacific and Gulf coasts.®

The specific job aids or work instructions provided for
health historians of each REDS-II blood center might have
differed in detail during 2006, but the referent for each
center would have been the foregoing text from CDC.
Figure 1 shows a map of Mexico,? with those states named
in the above excerpt shaded in gray. Depending on the
specificity of information provided by donors with travel
to Mexico, as well as on the detail of information available
in reference materials for health historians, travel to one of
the shaded states during 2005 through 2006 might not
have necessarily triggered a deferral. It would, however, at
a minimum require consultation with support documen-
tation to exclude travel to a malaria risk area for the donor
to be judged acceptable to donate.

Estimated risk for malaria infection in US travelers
to different areas of Mexico
Population-adjusted risk measures for year-round
Mexican residents at the state level are available from
eight endemic states which together account for 98.5% of
reported cases in 2005. County-level risk measures were
derived from malaria case counts at the county level for
2005® and the 2005 census population figures for each
county.® State- and county-level risk measures for year-
round Mexican residents were used as a proxy for poten-
tial malaria risk which US residents might face during
travel to the same areas, appropriately adjusted for dura-
tion of exposure. Donors eligible for inclusion in this
study—those deferred during calendar year 2006—
reported travel that occurred during both 2005 and 2006.
Mexican surveillance data from 2005 only are used to
develop risk estimates due to unavailability of 2006
county-level malaria surveillance data. To evaluate longi-
tudinal trends in malaria incidence in Mexico, and to
establish any significant changes in the amount or distri-
bution of malaria subsequent to the period used for our
study, we referenced several years of publicly available
Mexican government surveillance data.®

Duration of exposure was estimated by calculating
donor-reported dates for beginning and ending of expo-
sure in risk areas. This measure was available for donors
from three of the six blood centers, and it was not possible
to distinguish donors who simply reported the duration of
their entire trip versus the proportion who correctly pro-
vided dates only for the portion of travel subject to deferral
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Transfusion risk from blood donors with deferrable
travel to Mexico

Transfusion risk is defined in this article as the risk that a
donor might be accepted for donation while asymptom-

lly parasitemic, which we is equivalent to the
risk that a donor might become infected with malaria
while on travel in Mexico. Our risk esti the

sreanifest withinshe Sretmogith and 70% within the Rt 3

months**—the actual risk from abolishing the deferral for
Mexico might be even lower than we estimate.

RESULTS

Malaria travel deferrals to Mexico for REDS-1I
donors and extrapolation to the United

States annually

The six REDS-II centers reported a total of 13,007 deferrals
for travel to malaria-endemic areas by US residents in
2006 (Table 1), of which 2160 were sampled for further

absence of any deferral period for travel to Mexico, which
means the donor could be found acceptable to donate the
very day upon return from travel. Because the risk for
asymptomatic malaria infection diminishes with increas-
ing interval between return from travel and date of
presentation—approximately 50% of P vivax infections

lysis. The required data were available for 2108 of these
(97.6%), of which 885 donors were deferred for malaria
travel to Mexico. Based on weighting that is proportional
to each blood center’s malaria deferral count, extrapolat-
ingto the US yields an estimated 66,554 deferrals annually
for malaria travel to Mexico. The change from 870 donors
deferred for travel to Mexico in the earlier analysis'?
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TABLE 1. Malaria travel deferrals to Mexico at six REDS-Il Blood Centers, 2006
Weighted extrapolation
BCP BCW HOX ITXM  NEARC SARC Total to United States
Number of travel deferrals 2781 2128 naz 1622 3570 1804 13,007 161,105
Number of travel deferrals sampled 334 353 359 360 346 2,108
Detferrals 1o Mexico 123 230 119 130 125 885 66,554
Travel deferrals due to travel o Mexico (%) 36.8 65.2 447 31 361 358 42.0 413
Mexico deferrals with identifiable location (%) 62 98 92 95 52 85
TABLE 2. Mexi population at risk and reporied malaria cases at the state level, 2005
Population-adjusted risk,
Population, Population Number of counties Malaria cases, API (and 95% CI),
State 2005 at risk, 2005 reporting cases, 2005 2005 for malaria, 2005
Durango 1,554,948 14,126 3of39 14 8.07 (6.71-9.70)
Qaxaca 3,716,837 193,669 19 of 570 1432 7.39 (7.02-7.79)
Chihuahua 3,432,518 33,126 8ol 67 181 5.46 (4.72-6.32)
Sonora 2,487,066 5777 4of72 28 5.02 (3.49-7.22)
Tabasco 2,069,522 119,497 9 of 17 97 0.81 (0.67-0.99)
Chiapas 4,417,084 1,062,455 65 of 119 852 0.80 (0.75-0.86)
Sinaloa 2,771,148 559,254 100of 18 208 0.37 {0.32-0.43)
Quintana Roo 1,091,496 127,808 208 1 0.09 (0.05-0.16)
Nayarit and other states 24,466,964 684,288 13 of 667 42 0.06 {0.04-0.08)
Total 46,007,583 2,800,000 133 of 1,577 2966 1.08 (1.02-1.10)
* Cls do not account for temporal or geographic variation, and hence inference is to only the year 2005 and is specific to each state.

derives from changing from a macroregional to a country-
based analysis, for which Mexico was the country of
higher risk.

Risk for malaria infection in US travelers to Mexico
Population-adjusted risks for malaria at the state level
are shown in Table 2, supporting the characterization of
risk areas within Mexico as mostly scattered foci rather
than large swaths of the national landscape and demon-
strating that most residents of endemic areas face very
low risk for malarial illness. First, of the 2.8 million
Mexican residents living in risk areas, fewer than 10%
reside in areas with an annual risk for malaria greater
than 1 per 1000 (an annual parasitological index {API] of
1 means one case is reported per 1000 residents). Even in
these regions-—Durango, Chihuahua, and Sonora in the
Northwest and Oaxaca in the South—the population at
risk represents a small proportion of each state’s popu-
lation, and the number of counties with cases is low
compared to each state’s overall number of counties.
Although the risk faced by residents of these four states is
large relative to residents of the other endemic states,
this elevated risk is confined to a very small fraction of
the population. For Quintana Roo and four other states,
which collectively account for 53 reported cases, the risk
is less than 1 per 10,000 residents per annum.

Table 3 contextualizes the malaria risks across states
in 2005 within a long-term trend of increasingly lower
malaria risk in fewer and more circumscribed geographic

2402 TRANSFUSION Volume 51, November 2011

areas. Compared to 1985, when more than 133,000 cases
were reported from all but two Mexican states,®® the
number of cases declined by 95% by the year 2000, and
within the past decade has been reduced by an addi-
tional 60%. Active transmission of Plasmodium parasites
is now limited to 115 counties distributed across 10
states, down from 234 counties in 16 states in 2000, and
applies to less than 3% of the population of more than
100 million, The country has not reported a malaria fatal-
ity in more than 10 years (data not shown), and the
number of cases of falciparum malaria—the most malig-
nant species and at constant risk for importation from
neighboring countries—has been reduced to zero for 3
consecutive years. Across those areas with active trans-
mission, risk is nonuniform, with two states—Chiapas
and Oaxaca—accounting for more than 75% of all
reported cases in each of the past 5 years.

Risk for malarla infection in US donors deferred
for travel to Mexico

Table 4 combines the results for travel destination within
Mexico reported by the REDS-II donors with the proxy
risk attached to the identified locations. Overall, the
information provided by a large majority of donors (85%)
was sufficient to identify location of travel at least to the
state level. For more than half of the remaining donors
(n=69, 7.8%), information on location was either alto-
gether lacking or insufficienty specific (“went horseback
riding, visited ruins, drove through rural area”) to exclude

DECONSTRUCTING THE RISK FOR MALARIA IN US DONORS

TABLE 3. Malaria cases at r t and state level and population at risk in Mexico, 2000 through 2009
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Population at risk (million) 50.3 54.7 54.7 54.7 28 28 28 28 2.8 =28
Number of states reporting = 1 malaria case(s) 16 17 15 16 14 12 " 10 10 10
Number of counties reporting = 1 malaria case(s) 234 202 189 177 148 133 NA NA 115 NA
Number of . falciparum cases 124 70 16 43 47 22 14 1} 0 0
Individual states
Campeche 36 57 54 21 4 1 0 0 [ Q
Chiapas 3575 2522 2415 1757 151 852 1349 1483 1136 1039
Chihuahua 695 404 420 258 184 181 122 148 185 438
Colima o] 1 o [} 0 [¢] Q0 0 0 0
Durango 171 136 104 79 52 4 121 46 38 42
Guerrero 161 88 24 7 3 0 Q 0 o] 0
Jalisco 50 29 n 6 5 2 2 2 10 8
Michoacdn 135 52 21 2 7 0 0 (4] 0 0
Morelos [+] [} [} 1 [} 0 [} Q 0 1]
Nayarit 206 154 88 49 27 a7 24 38 71 70
Oaxaca 654 285 260 699 1083 1432 575 369 804 896
Puebla 7 1 0 o] 0 ) D [} 1] [}
Quintana Roo 332 215 276 88 40 " 17 14 15 4
Sinaloa 790 616 664 77 513 208 98 108 76 72
Sonora 79 59 32 78 49 29 17 13 10 18
Tabasco 297 219 139 167 145 97 86 86 12 8
Veracruz 34 20 n 4 0 2 2 0 0 0
Yucatan 50 9 33 15 5 0 0 0 0 0
Total malaria cases 7272 4867 4552 3607 3268 2966 2413 2307 2357 2595

potential exposure to malaria, thus triggering deferral;
records were no longer available for another 60 donors
(6.8%). The adjusted distribution in Table 4 and the cal-
culations based on them assume the distribution of
travel by the 15% missing was random, and locations for
these observations were reallocated according to the pro-
portion missing for each blood center. Notably, more
than nine of 10 donors in this analysis provided sufficient
detail on their travel destination(s) within Mexico to
identify both state and county visited.

Duration of exposure was estimable for 284 donors,
and the distribution was bimodal. Nineteen percent of
donors reported a duration of exposure of 0 days, which
reflects day trips to risk areas. Another 24% reported 7-day
stays in areas with malaria risk. The median and mode
both were 7 days, and the mean was 7.4 days. Together,
73% of the 284 donors reported a duration of exposure of
7 or fewer days, and this duration was accordingly used to
estimate the risks for malaria infection, discussed below
and shown in Table 4.

A significant majority—72%—of REDS-II donors were
deferred for travel to the state of Quintana Roo. Located
on the Yucatdn Peninsula, Quintana Roo draws heavy
numbers of tourists arriving by both plane and cruise ship.
As indicated in Table 3, the number of malaria cases
reported in Quintana Roo has been reduced by more than
95% over the past decade, and in 2005 (Table 2) only two
of the eight counties in the state had any cases. The infor-
mation provided by travelers to Quintana Roo was suffi-
ciently detailed to identify location at the county level for
98% of the donors deferred for travel to that state
(Table 4). Risk for infection in donors with travel to Quin-

tana Roo is derived from a weighted summation of loca-
tion risk (county level for 98%, state level for 2%)
multiplied by the number of US donors extrapolated from
the REDS-II donors (Table 5). From these calculations,
two figures stand out. First, 81% visited areas with zero risk
for malaria in 2005 (Table 4 and Fig. 2%*), mostly in the
area of Canclin, Playa del Carmen, and other coastal areas
of the northern third of the state. Second, after adjusting
for duration of exposure (see above), we would expect the
projected number of 47,939 donors deferred annually for
travel to Quintana Roo to acquire malaria infection at a
rate of 0.0080 per year, or one infection every 125 years.
This estimate assumes no significant alteration in' the
degree or distribution of risk within the state, both of
which seem reasonable inferences based on the number
of cases reported statewide during 2006 through 2009
(Table 3).

After Quintana Roo, the states responsible for the
second- and third-largest number of donor deferrals also
represent very-low-risk travel. Both Guerrero and Nayarit
account for more than 6% of travel deferrals to Mexico, but
Guerrero reported no more than three cases of malaria
(either zero or three, depending on the source) in 2005,
and travelers to both states overwhelmingly reported
travel destinations in counties with zero malaria cases
throughout 2005 (see Fig. 3 for Nayarit?®). Accordingly, the
more than 8400 US donors projected to have been
deferred for travel to these two states would be expected to
acquire 0.0007 infections altogether, or one per 1400 years.

Continuing in like fashion across all the states respon-
sible for donor deferrals, the results indicate that 76%
of donors did not enter an area with even one malaria case
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Projected US deferrals and Infections
In donors with malaria travel to Mexico

Location risks

Mexico and projections to US donors overall

Travel destination (%)

TABLE 4. Distribution of travel destination and estimated risk for acquiring malaria infection for 885 REDS-ll donors deferred for malaria travel to
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Fig, 2. Mexican State of Quintana Roo, with 2005 county-level malaria risk and general distribution of REDS-II malaria travel
deferral destinations. Map adapted from Instituto Nacional de Estatfstica e Geograffa.” [Correction added after online publication

12-May-2011: deferral numbers added.]

in 2005, and the weighted average location risk for all
deferred donors is 0.2091 infections per 1000 year-round
residents. Adjusted for duration of exposure, this estimate
implies roughly a 1:250,000 malaria risk for US donors
deferred for travel to Mexico. Given the 100-fold risk gra-
dient across states sh for Mexican residents in Table 3,
the donor risk categorized at the state level gives similar
results. In fact, 81% of the risk attributed to donors
deferred for travel to Mexico (0.2170 infections annually,
or roughly one case per 4.6 years) is for travel to the state of
Oaxaca, a risk associated with only 1847 donors. Omitting
them from the analysis, the remaining 64,707 donors col-
lectively incur risk for malaria infection of roughly one per
20 years. Inclusion of Qaxaca yields an estimated 0.2676

expected infections in 66,554 deferred donors per year, or
roughly one infection every 3.7 years.

These frequencies can be understood as the
maximum theoretical risk from fully repealing the donor
deferral for travel to Mexico, which assumes that all
donors present for donation immediately upon return.
Given that 50% of vivax malaria infections in US travelers
become symptomatic within 1 month and 70% within 3
months,” the actual risk under the expected distribution
of intervals between return and presentation would likely
be quite a bit lower. Moreover, as discussed below, imput-
ing to US travelers a prorated risk for malaria infection
equivalent to Mexican residents almost certainly over-
states risk by a significant, albeit unquantifiable amount.
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Fig. 3. Mexican State of Nayarlt, with 2005 county-level malaria risk and destination location of large majority of REDS-1I malaria
travel deferrals. Map adapted from i Naclonal de Estatfstica e Geograffa.” [Correction added after online publication

12-May-2011: deferral numbers added.]

It is noteworthy that donors were deferred for travel to
19 states, plus the Federal District (Mexico City), whereas
only 13 states are listed by name in the Yellow Book. To be
sure, these occurrences represent a small minority, but
some of the states responsible for deferrals (Baja Califor-
nia Sur, Colima) had not reported a malaria case in several
years.

DISCUSSION
While blood centers in the United States have previously

expressed concern that the donor deferral for malaria risk
in Mexico reflects a poor balance between risk averted and
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impact on blood availability,* no sy ic effort had
been undertaken to quantify either metric in a joint
assessment of safety and availability Our consortium’s
first analysis suggested that the risk for malaria infection
associated with travel to Mexico might be low enough that
the current 1-year deferral period could be scaled back
with negligible impact on blood safety. Given the apparent
size of the population of willing donors turned away after
travel to Mexico, there are indeed significant potential
gains in blood availability to be weighed in the assessment
of risk and benefits that might follow any change in donor
eligibility requirements. To address the potential concern
that our estimates for malaria risk in US travelers to

DECONSTRUCTING THE RISK FOR MALARIA IN US DONORS

Mexico might not have been based on accurate estimates
of population at risk, we sought an alternate measure for
malaria risk that was independent of US traveler patterns
overall. The results presented herein support the conclu-
sions from the original paper, while providing a more
nuanced perspective on donor travel patterns and atten-
dant malaria risk.

Based on the recognition that traveler risk and donor
acceptance might be only loosely associated, this analysis
purposefully did not restrict its focus only to the donor
population that entered an area in Mexico with active
malaria transmission. While a donor who reports having
entered a risk area is clearly excluded from donation,
other donors who did not enter such an area but who
cannot provide sufficient detail to exclude the possibility
of malaria exposure are also deferred. Thus, the critical
population for the current analysis is the donor popula-
tion who entered an area of Mexico that would trigger
their exclusion from blood donation, independent of the
level of risk they might have faced. As indicated in Table 4,
alarge majority (76%) of donors were deferred for travel to
areas reporting zero malaria cases in 2005.

The discrepancy between risk areas described in the
CDC Yellow Book and actual donor deferrals could have
more than one explanation. First, the deferral of donors
for travel to areas with no malaria could simply reflect the
natural time lag between an area within Mexico having
been determined to be free of active transmission, this
information being published in the next version of the
Yellow Book and the newest version of the Yellow Book
being integrated into blood centers’ documentation for
donor screening for malaria risk. Indeed, the version of the
Yellow Book subsequent to the one referenced for this
study removed four states from the list of those considered
risk areas: Campeche, Guerrero, Jalisco, and Michoacédn. A
second, perhaps more important factor, might be the
limited amount of detail available in the Yellow Book
coupled with limited information provided by the donor
him- or herself. Consider, for example, the fact that the
state of Nayarit has reported nearly all its malaria from
the same six counties—Huajicori, Acaponeta, Del Nayar,
Rosamorada, Ruiz, and Tepic—between 2002 and 2005%
(see Fig. 3), but 85% of REDS-II donors were deferred for
visiting Nuevo Vallarta and Sayulita in the county of Bahfa
de Banderas in the southern part of the state, where no
malaria case has been reported since at least 1999.3° A
similar dynamiic ptevails in the states of Guerrero and
Quintana Roo. The breadth of risk implied by the phrase
“risk in rural areas” followed by a long list of states implies
that risk is incurred by any traveler who leaves an urban
locale in any of those states, and a high lack of specificity
is the result. The issue of timeliness of risk information
could in theory be partly remedied by the online malaria
risk map CDC has developed,* if subsequent iterations of
this application were to provide more detailed or more

recent information than the print version of the Yellow
Book. In sum, while the information provided by the CDC
is valuable in assessing risk, it is often insufficient to
exclude the need for deferral for many presenting donors.

The risk estimates presented herein should be evalu-
ated in terms of how realistically they reflect the actual risk
incurred by deferred donors, The intent of this analysis, as
with the prior one, was to develop a conservative model
that ensured that risk estimates were not artificially low.
We are confident that the first model is successful in this
sense, most notably by its prediction of one case of TTM
every 6 years from a routine traveler, whereas empirical
observation has identified only one such case in the past
three decades. We believe that the low risk estimates for
travel to each state in the current analysis also are conser-
vative and provide a significant margin of safety. This is
probably best illustrated by the data from the state of
Oaxaca, which is responsible for the largest share of cases
within Mexico and the second-highest population-
adjusted risk in 2005. Notably, less than 5% of the state’s
population lives in risk areas, and only 19 (3.3%) of the 570
counties reported cases in 2005 (Table 2). Combining
census and reported malaria data,**' one sees that Oax-
aca’s 1432 cases are scattered across 265 different towns or
hamlets (of 1249 in these 19 counties), which by simple
arithmetic implies an average of five malaria cases per
town or hamlet, each with mean population of 700 inhab-
itants. Altogether, the data suggest that the population-
adjusted risk of 7.39 cases per thousand residents, or 1:135
residents annually, applies to a very small share of the
population and the landscape of Oaxaca. If tourists to
Oaxaca faced malaria risk equivalent to those of local resi-
dents, one should expect far greater numbers of US tour-
ists to return with malaria. Oaxaca accounts for roughly
1% to 2% of air traffic from the United States to Mexico??¢
and is associated with 3% of the deferrals in the REDS-1I
cohort. If even 1% of US overnight travelers to Mexico visit
Oaxaca, stay 1 week, and face the malaria risk shown in
Table 4, one would expect almost 24 malaria infections
from this state alone, four times the average over the past
8 years for the whole country (200,000 travelers x 1:163
risk + 52 for 1-week exposure = 23.6 infections). In sum,
use of local resident risk as a proxy for traveler risk
undoubtedly overstates the risk in our donor population.

‘Whether the predicted level of risk supports a com-
plete or partial reversion of current deferral requirements
for travel to certain parts of Mexico is a question that has
been reviewed recently by policy makers.* In a discussion
focused only on Quintana Roo, Mexico, the FDA Blood
Products Advisory Committee recommended 17 to 1 in
favor of allowing donation from donors with travel to that
state. Our analysis reinforces this conclusion and supports
extending a similar policy to other areas of Mexico with
exquisitely low risk for malaria infection. Both within
Quintana Roo and elsewhere, most donors reported travel
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to areas with zero-reported malaria cases in 2005, and
those that traveled to areas with theoretical risk generally
incurred risks of very low magnitude. Specifically, three in
four deferred doners were associated with areas that were
malaria-free in 2005, and 85% of the remainder faced esti-
mated 1-week risks of less than 1:640,000. Only the 3.5% of
donors deferred for travel to Oaxaca, Chihuahua, and
Sonora faced potential risks that could be considered non-
trivial. This finding replicates that from our consortium’s
first analysis, albeit here on a subnational rather than
global scale, the largest share of malaria travel deferrals is
associated with travel to the area of lowest estimated risk.
Just as Mexico reflects about a 1000-fold lower risk than
Africa, donors who visited Quintana Roo appear to have
faced an average 1 in 115,661 (annualized) risk, compared
to travelers to Oaxaca, with its estimated risk of 1 in 164, a
700-fold difference. Adjusting each for a 1-week exposure,
that leaves us with absolute risks on the order of 1 per 6
million for Quintana Roo versus 1 per 8510 for Oaxaca.
Returning again to the earlier article, the absolute traveler
risk for Quintana Roo is less than 8000 times that of the
estimated traveler risk to Africa. We believe that at a
minimum Quintana Roo should no longer be considered a
deferrable travel destination, and strong consideration
should be given to extending such a measure to other
locations in Mexico with very low malaria risk.

This study is subject to a number of potential limita-
tions. First, donors from the REDS-II blood centers might
have travel pattérns that are not representative of US
donors overall. In fact, given the lack of REDS-II data from
the southwestern United States, one might assume that at
least that region’s donors could have a different amount of
travel to Mexico or undertake travel of a different nature
compared to REDS-II donors. While such data are sparse,
a parallel study to this one was presented to the FDA's
Blood Products Advisory Committee. Using 2008 deferral
data from blood centers in the border states of Texas,
Arizona, and New Mexico, the study found a similar per-
centage of donors deferred for malaria travel as was found
in REDS-II donors (0.9% vs. 1%), but found that a higher
percentage were deferred for travel to Mexico (60% vs.
42%). The distribution across states differed from that in
REDS-1I donors, with more deferrals for travel to border
states Chihuahua and Sonora within Mexico {15% vs.
<1%); however, Quintana Roo still represented the state
responsible for the largest share (37%) of deferrals. More
broadly, the study suggested that a majority of border state
donors are also deferred for visits to areas with very low
risk (<1:250,000 assuming 1-week exposure).®

Another potential limitation is that location data were
not available from 15% of the donors in this study who
were deferred for travel to Mexico. To cause downward
bias in our risk estimates, however, the missing data
would have to be from donors with higher malaria risk
while traveling to Mexico than other donors from the
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same blood center, an unlikely scenario. If anything, the
missing data are likely to come from relatively low-risk
travelers. Since by 2008, 100% of malaria in Mexico has
been characterized as occurring in indigenous popula-
tions in scattered rural areas,” one should expect these
areas to be visited by the more adventurous and/or
sophisticated traveler, who almost certainly would be able
to name at least the state they visited. In any case, because
the missing data are adjusted for by reweighting the avail-
able data for each center, any différence in risk for donors
across REDS-II centers is adequately accounted for.

A third concern might be that the reports of lower
levels of malaria within Mexico could reflect diminished
surveillance capacity rather than reduced malaria trans-
mission. Available evidence, however, suggests this is not
the case. Mexico accounts for less than 0.5% of malaria
cases diagnosed across all endemic countries in the
Americas, yet carries out more than 18% of all blood
smears examined for diagnostic purposes.® A slide posi-
tivity rate that is a fraction of other countries’ together
with a higher proportion (36% vs. 21%)* of cases found
through active case detection confirms that Mexico's
malaria surveillance is both robust and committed to
identifying all potential cases of infection.

One final possible limitation is that our estimates for
risk and benefits associated with modifying the deferral
guidelines to Mexico are based on risk estimates from
2005 only, and detailed county-level data are not available
from 2006 onward. This could have implications for the
reliability of the estimates presented herein as well as for
inferences applied to subsequent time periods. While two-
thirds of the donors in our analysis actually traveled in
2006, we have no a priori reason to assume that reliance
on 2005 malarja surveillance data prejudices our risk esti-
mates. First, between 2005 and 2006, the overall number
of cases declined from 2966 to 2413, the API declined from
1.06 to 0.90,% and three of the four states with the highest
API in 2005 all reported fewer cases in 2006: Chihuahua
from 181 in 2005 to 122 in 2006, Oaxaca fromi 1432 to 575,
and Sonora from 29 to 17; Durango, ranked highest in risk
in 2005, was only slightly higher in 2006, increasing from
114 to 121 cases. Going forward, one might be concerned
that the lack of county-level data beyond 2005 could mean
that any relaxation of deferral guidelines might not have
recent surveillante data of a high level of granularity to
support it. While the ideal scenario would involve the
availability of real-time, town- or hamiet-level data, the
data presented here are part of a long, downward trend in
risk for malaria in Mexico, and most of the areas shown to
be malaria-free (or very low risk} in 2005 were also
malaria-free or low-risk for several prior years. Further,
malaria case reports at the state level are currently avail-
able on a weekly basis, with only a 2- to 3-week time lag,*
so that any significant change in malaria transmission
would likely become rapidly detectable. Unless the nature
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of donor travel patterns to Mexico were to be reoriented
toward risky travel in remote areas and away from beach
resorts, the estimates of risk described in this analysis are
likely to remain relatively stable.

Based on the preponderance of blood donor deferrals
triggered by visits to areas of zero or very limited risk for
malaria, we recommend that the deferral policies for
donor travel to Mexico be revised in a way that balances
risk averted with the significant donor loss. While multiple
permutations of new regulations might reasonably be
considered, we believe that the data from this analysis and
available online are sufficient to inform these efforts.
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The Institute for Transfusion Medicine: D. Triulzi, R.
Kakaiya, and J. Kiss

BloodCenter of Wisconsin: J. Gottschall and A. Mast
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Westat, Inc.: J. Schulman and M. King
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Epidemiological update: Malaria in Greece, October 2011

28 Qct 2011

g to the lable land fcal infe 1, and the amiving winter season, the Intensity of
malarlatransmlsslonlnEvrol‘as LakomalnGreecelsbellevedmbeverylowandlsexpemedtoceaseshorHy For this
reason, dremopmphylaxisformalaﬂalsnotreoomendedforv!skorstathearea ﬂ:euseafstandardmosqultoblﬂny
P to be encourag
Between 21 May and 26 October, 2011, 61 cases of Pl dium vivax infection have been rep In Greece. Thirty-three
ofmesecasesws!Greekdﬂzenswnﬂmutb—avdhlsmyhoanendemcmunw ‘Twenty seven cases are reported from the -
area of Evrotas, 220 km2 river delta area, located In the district of Lakonla In Pelfloponese, southem Greece (see map).
The remaining six cases are from the municipalities of Attiki (n=2), Evola (n=2), Viotia (n=1) and Larissa (n=1). In addition,
28 cases of P. vivax infection in migrant workers have been reported from the area of Evrotas. Of the 28 malaria cases
identifled in Immigrants in Evrotas, Lakonia, the majority (n=21) originated from malaria endemnic countries even though a
dearlmportabonstatusmuldmtbed&m-nhed lsorlglnatedfmnPaklstanandmﬁ'omMgfanbtan Fortheremalnhg
seven lmmigrant cases, five were from (two were di d in ), one from Morocco, and one from
Poland. R should be noted that all reported cases In immigrants (including the two cases diagnosed In Romania) are n
persons that work In the agricuttural areas In this part of Greece.

Map: lity of resi Pi: dium vivax malaria cases, Greece, as of 17 October, 2011 (n=61)

. -
The first reported cases in Evrotas had symptom onssts in epldemlologlmlweekll (23- 29May)andmelasttwomseshad
reported symptom onset during week 42 (17 — 23 October). A peak In rep d during weeks 36
and 37 (5 ~ 18 Septemnber). Snoemenasteadydedmhrepomedsseshasbeenobseveddespkemeongungacﬂve
case finding in the area. All cases reported from cther areas in Greece symptom onset before September 2011,
Cases reported In the fast two weeks would have Hkely been Infected during September or earty October. All cases are

confirmed P. vivax infections and all were mild, apart from one fatal case In a'male aged over 70 years who had pulmonary
co-infection and underlying medical conditions.

Data from ent sm“ancendkatshatﬂlaehwebunvuybwhwaldwshsd%dhmumbreedhg
sites and-an absence of adult Anopix In carbon diaxdde light traps in Evrotas, Lakonia in recent
weeks. Since earty October, mwmsh&uueahavedmppedbdowzotmdmewmaﬁmkmpwymnhg
as expected for autumn and winter months.

Figure: Distribution of reported cases of P. vivax infection by date of onset and citizenshlip status, Lakonia,
Greece, week 21-43, 2011 (n=53).
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Control 4 g indude surveill In the affected areas to rapidiy identify cases; active case
finding in Evrotas, Lakoma(!nselnhotsevlskssimloanberzou)followedbymlcmsmwdlagnoslsformalaﬂaand
supervised treatment according to the protocot (¢ ine for uncomplicated P, vivax infection);

health care profe Is on early malaria dlagnoslsandh'aatment;mdng public awareness, and strengthenlng
blood safety. Adeaeewasm:edbyﬂme&eekMOHtufadhteprmnpt is and Intensified
control measures have also been carried out by local authorities. Al 2. vivax infections were sensitive to chloroquine.

Malaria is an Infectious disease caused by the Plasmodium parasite, and transmitted by Anopheles mosquitoes. The
incubation period varies between 7 and 15 days, but long incubation periods of several months (and years) have been
observed for P. vivex malaria. Malaria is characterised by fever and influenza-like symptoms, including chills, headache,
myalgla, and malaise; these symptoms can occur at intervals. More information can be found on the ECDC factsheet.

Following the two visits of ECDC and WHO expents to the affected areas, ECDC has not changed its risk assessment of this
event since October 11, 2011, and conslders the current risk for malara Infection In Greece to be to persons reslding and/or
working in the affected areas of Greece, particularly that of Evrotas, Lakonia. Thls isa geogmphlﬁlly dellmited area, having
a small population and is not a touristic destination. According to the availab ical and jical
Information, and the arriving winter season, the of malaria in Evrotas, Lakonta is believed to be very
low and is expected to cease shortly. For this reason, dxenwprophyla:ds for malaria is not recommended for visltors to the
area. The use of d biting p to be encouraged.

Read more:

ECDC Rapld Risk Assessment malaria Greece 2011,

Eurosurvelliance astide describing the outbreak

More information Is available on KEELPNO website

ECDC factsheet
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© European Center for Disease Prevention and Control (ECDC) 2005-2009
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RAPID COMMUNICATIONS
Trypanosoma brucei rhodesiense infection in a German
traveller returning from the Masai Mara area, Kenya,

January 2012
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brucel rhodesis infection in a German traveller returning from the Masai Mara

org/ViewAr 14

In January 2012, a case of Human African
Trypanosomiasis (HAT) has been identified in Germany
in a traveller returning from the Masai Mara area
in Kenya. The 62-year-old man had travelled to the
Masal Mara game park from 18 to 19 January 2012
and developed fever on 28 January. The infection with
Trypanosoma brucei rhodeslense was confirmed by
laboratery testing three days hereafter.

Case report

On 28 January 2012, a 62-year-old man was hospital-
ised after a sudden onset of fever with temperature
up to 3¢°C in a local hospital near Frankfurt, Germany.
The fever started after his return from a holiday trip to
Kenya from 8 to 28 January. Upon arrival in Germany
and admittance to a local hospital, the patient was sus-
pected to have malaria and treatment with Atovaquon /
Proguanil was administered for two consecutive days.
The diagnosis was made on the basis of a thin smear,
which was later re-evaluated after the patient’s trans-
fer to the Infectious Diseases Department of Frankfurt
University Hospital and no Plasmodium parasites were
detected.

He had travelled by airplane directly from Frankfurt to
Mombasa and back and spent all the time at a beach
resort south of Mombasa except for a trip to the Masai
Mara area from 18 to 19 January, For this trip, he flew
from Mombasa to the Ol Kiombo airstrip, stayed at a
camp in the area, and then went on safari excursions
within a radius of approximately 50 km from the camp.
He wore shorts and short sleeved shirts most of the
time and used insect repelients.

Déspite anti-malarial treatment, the patient was
still febrile on 31 January and was transferred to the
Infectious Diseases Department of Frankfurt University
Hospital. By then, the clinical symptoms had become
mofe severe, with strong frontal headaches, vertigo,
nausea and arthralgia. Fever was still high at 39.1°C. He

www.eurosurveltlance.org

Article published on 8 March 2012

had two distinct, painless skin lesions over both tibiae
(Figure 1), but no localised or disseminated lymph node
enlargement.

Malaria parasites were not confirmed in Quantitative
Buffy Coat, Giemsa-stained thin or thick blood smears
and the malaria antigen test (BinaxNow) was nega-
tive. However, Trypanosoma brucei rhodesiense was
detected in thick blood smears stained with Giemsa
(Figure 2) on 1 February.

Treatment was started three hours after diagnosis of
trypanosomiasis with 1 g of suramin as a continuous
infusion over one hour. As the substance was not read-
ily available, it was brought to Frankfurt University
Hospital from the “Missionsirztliche Klinik” Witrzburg,
Germany, where a regular stock of suramin is kept. In
parallel, the patlent was given prednisolone to prevent

FIGURE 1

Chancres due to infection with Trypanosoma brucei
rhodesiense in a German traveller returning from the
Masai Mara area, Kenya, January 2012




allergic reactions. The treatment was followed on day
1, 3, 7, 14 and 21 without complications.

A lumbar puncture performed on day 2 of therapy
revealed a normal cerebrospinal fluid (CSF) pattern
and a PCR with Trypanosoma spp. specific primers
was negative from CSF as opposed to the peripheral
bloed, where it was found to be positive. The patient
had teuko- and thrombopenia, an elevated complement
regulatory protein (CRP) and aspartate and alanine
transaminase levels two times the upper limit of nor-
mal. Electrocardiogram and echocardiography did not
show any pathological findings.

The fever subsided on day 2 of treatment and no
parasites were detected from day 3 of the treatment
onwards. T. b. rhodesiense antibodies were detected
by immunofluorescence testing performed at the refer-
ence laboratory (Bernhard Nocht Institute, Hamburg,
Germany) on day 8 of treatment, 12 days after the
first symptoms whilst having been negative on day 1
of treatment. The patient concluded his treatment as
planned on day 21 without any residual problems and
left the hospital.

Discussion

Following the detection of a case of Human African
Trypanosomiasis (HAT) we screened the literature for
recent alerts of HAT in Kenya and only ProMED had pre-
viously published a report on the occurrence of HAT in
Kenya. This however, was documented almost 11 years
before the current case [1,2]. About a month after the
occurrence of the case described here, there was a fur-
ther case of HAT from the Masai Mara area described in
this issue of Furosurveillance [3).

FIGURE 2
Gi tained Tr

brucei rhodesiense in a thick

blood smear from a German traveller returning from the
Masai Mara area, Kenya, January 2012

64x magnification

A literature research on PubMed revealed two publica-
tions that reviewed the epidemiology of HAT In non-
endemic countries. A review of HAT cases imported into
Europe between 2005 and 2009 included 11 cases, five
of which were infected with 7. b. rhodesiense. There
were no cases described from Kenya, but two infected
patients had travelled to the Serengeti, which directly
borders Masai Mara [4). In another report, the bibtio-
graphic data were supplemented by the World Health
Organization (WHO) data on requests of antitrypano-
somal drugs from hospitals in non-endemic countries
treating travellers. These data showed that 94 cases of
HAT were identified between 2000 and 2010, 72% of
which were caused by T. b. rhodesiense. Altthough 59%
of the cases were identified in Tanzania, with the vast
maijority of cases being tracked back to the Serengeti,
no cases have been reported from Kenya {s).

Trypanosomiasis is a disease that occurs in local
clusters, and one such cluster was identified in 2002
through the TropNetEurop Sentinel Surveillance net-
work when two index and seven consecutive cases
were Identified in non-disease endemic countries in
Europe and South Africa [6]. These cases originated
in the Serengeti and Tarangire National Parks in close
proximity to Masai Mara, but with no documented case
originating from the latter.

The above mentioned reports documented imported
cases that were diagnosed in non-endemic countries.
There are data on the cases diagnosed within the coun-
try however. The Kenyan reference hospital for sleeping
sickness in Alupe, which is on the Ugandan border north
of Lake Victoria, reported 31 patients with HAT caused
by T. b. rhodesiense between 2000 and 2009. Twenty-
two of the patients were diagnosed at the late stage of
the diseases and coinfections and comorbidities were
frequent [7]. Additionally, WHO extensively mapped the
epidemiology of HAT in Africa between 2000 and 2009.
For Kenya, sporadic cases were described in the very
western provinces Bungema, Teso and Busia, again on
the Ugandan border, as well as in the Nyanza province.
Epidemiological analysis of HAT in Kenya between 1950
and 2007 showed that infections occurred exclusively
in these Western provinces, and the prevalence is alto-
gether estimated to be low with only sporadic infec-
tions the 1990s onwards [8, 9).

Conclusion

We identified a case of HAT due to T, b. rhodesiense
infection in a traveller wha had returned from the Masai
Mara area, Kenya. After this case, another report of an
imported HAT infection from this area was diagnosed
one month later and communicated worldwide {10].
This is noteworthy, as there were no cases described
from Masai Mara in the last decade. Previously, there
was documented disease actlvity in Kenya which was
limited to the western provinces, as well as Serengeti
which is essentlally in direct vicinity to Masai Mara,
This report should alert clinicians to be aware of HAT
when dealing with travellers from the area concerned.

www.eurosurvelllance.org
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We have been in contact with WHO in Geneva,
Switzerland, who confirmed that the local authorities in
Kenya have been informed and a WHO team of experts
has been sent to the area to elucidate the situation.
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Immunelogic complications of transfusion, including
transfusion-related alloimmunization and immuno-
modulation, have been associated with WBC antigens and
WBG-derived compounds. While implementation of
unijversal leukoreduction has resulted in a significant
decrease in infectious complications,® residual WBCs are
believed to be a major source of alloimmunization and
immunosuppression after transfusion.”* Some biologic
data have suggested that use of pathogen inactivation
methods may reduce alloimmunization associated to
‘WBC antigen presentation. 7

Treatment of RBCs with $-303 has been shown to
effectively (=4 log) reduce a wide range of blood-borne
pathogens and inactivate residual WBCs.'®# §-303 con-
tains an intercalator group that inserts into the helical
region of the nucleic acid, an effector group that allows
covalent modification of nucleic acid, and a central fran-
gible bond that allows degradation of the compound. Acti-
vation and cross-linking occurs on transfer from a low pH
environment to the neutral pH of blood. The process is
completely light independent. The primary byproduct of
§-303 degradation is $-300, a nonreactive species that is
excreted. Glutathione {(GSH), a naturally occurring sub-
stance present in most cells of the body at millimolar
concentrations, is used in conjunction with the $-303
treatment to quench nonspecific reactions of $-303 such
as surface modification of the RBC,

The first-generation S-303 treatment process for
RBCs (0.2 mmol/L S-303 and 2 mmol/L GSH) was evalu-
ated in a series of six clinical studies. Four of these studies
were radiolabel recovery studies in healthy subjects,232¢
and two were Phase III studies in patients requiring thera-
peutic RBC transfusion support.®2® The Phase III clinical
study of chronic RBC transfusion was terminated before
completion when antibodies to S-303-treated RBCs were
detected in two patients requiring chronic RBC transfu-
sion support.”’ To eliminate the immunoreactivity of the
treated RBCs observed in the Phase II study, the $-303
treatment process was modified to reduce the amount of
acridine bound to RBCs by increasing the concentration
of the quencher, GSH, to 20 mmol/L and increasing the
PH of the GSH by using a disodium salt form.

An initial in vivo kinetic study with RBCs treated
under these modified conditions showed a reduced
packed cell volume due to moderate dehydration and
reduced 24-hour RBC recovery of S$-303-treated RBC
stored for 35 days compared to controls.?* The $-303 treat-
ment process was then optimized by replacing the hyper-
tonic GSH containing supernatant after treatment with a
standard, isotonic solution before storage. This report
describes the in vitro characterization and viability of RBC
prepared with this second-generation S-303 treatment
process that incorporates the process modifications of
treatment with higher pH and GSH concentration fol-
lowed by a volume exchange step before storage.
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MATERIALS AND METHODS

Study design and enroliment

This was a randomized, single-blind, controlled, two-
period crossover study, designed to evaluate 24-hour post-
transfusion recovery and life span in healthy adult
subjects of autologous RBCs prepared using the second-
generation S$-303 treatment process and stored for 35
days. A total of 27 subjects were enrolled and consented
using an informed consent document approved by the
local institutional review board, at two study sites, the
Hoxworth Blood Center, University of Cincinnati, and
Darimouth-Hitchcock Medical Center. The order in which
each subject was transfused with S-303-treated (test) and
control RBCs was randomly assigned at the time of enroll-
ment. Each treatment period consisted of autologous
blood donation, preparation of RBCs according to treat-
ment assignment, infusion of radiolabeled autologous
RBCs, and collection of blood samples for assessment of
RBC recovery and life span (Fig. 1).

The primary endpoint was comparison of the 24-hour
posttransfusion RBC recovery. Additional endpoints were
mean life span, median life span (Ts), and area under the
RBC clearance curve (AUC); the incidence of anti-S-303
development after transfusion of test RBCs (with or
without $-303 RBC specificity) measured using a gel
card crossmatch assay against S-303 RBCs; incidence
of adverse events (AEs); and the in vitro characteristics
of test and contro! RBCs.

Donor eligibility criteria included age 18 years or
older, meeting AABB physical exam guidelines for alloge-
neic blood donation, no prior S-303 exposure, negative
direct antiglobulin test, a predonation blood hemoglobin

- {Hb) level 0f 13.0 g/dL for females and 14.5 g/dLfor males,

and healthy by history and physical examination.

Sample size was determined to reach 80% power and
tetect a treatment difference of 4.4% (absolute difference)
and 5.2 days in RBC recovery and Ts at the two-sided 0.05
significance level, assuming a standard deviation (SD) of
7.5% and 8.8 days for the paired difference in RBC recovery
and Tso, respectively, based on a previous crossover study
of $-303 RBC recovery and life span.2*

Preparation of S-303 RBC and control components
On Day 0 of Treatment Periods 1 and 2, 1 unit of auto-
logous whole blood (500 = 50 mL) was drawn from
the subject into a primary collection container contain-
ing citrate-phosphate-dextrose anticoagulant (Terumo
Imuflex WB-RP blood bag system with in-line Jeukoreduc-
tion filter, Terumo Corp., Tokyo, Japan). Collected blood
was leukoreduced and processed by centrifugation into
RBCs by removing plasma and adding AS-S (Optisol,
Terumo Medical Corporation, Somerset, NJ) to achieve a
final hematocrit (Hct) ranging from 50% to 65%. Both test

Treatment Period 1

RBC VIABILITY WITH S-303 PI PROCESS

Treatment Period 2

/ Radiolabel & Y Radlolabel & \
Autologous RBC Autologous R8C
infusion Infusion
5 75 10 125 15 20 30 60 24 5 75 10 125 15 20 30 60 24
Baseling | min min min min min min min min  hr Baseline | min min min min min min min min  hr
[ O O A O O (1 i | | S (A ) Y
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gl P O A [ P,
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Treat RBCs
Time from blood collection

Treat RBCs
Time from blood collection
Flg. 1. Schema of the study design. Subj were iled in two
RBCs, randomly, were radlolabeled and Infused.

and control RBCs were shipped to Cerus Corp. where the
test RBCs were treated with the S-303 treatment process
(Fig. 2) within 5 days after donation, and the control RBCs,
were untreated. All units were stored at 1 to 6°C in moni-
tored refrigerators until return shipment to the study sites.
All shipments were on wet ice, maintaining temperatures
of 1 to 10°C.

TestRBCs were prepared by diluting RBCs in a solution
containing 55 mmol/L dextrose, 1.3 mmol/L adenine,
55 mmol/L mannitol, and 20 mmol/L sodium citrate, to
reach a Hct of approximately 40% in a closed processing set
(Avail Medical, [rving, TX). GSH sodium salt (TAD 2500,
BioMedica Foscama, Ferentino, Italy) and S-303 (AMRI,
Albany, NY, and XP Pharraceutical Technologies, Bloom-
ingdale, IN) dissolved in 0.9% saline for injection was used.
Approximately 15 mL of each was added to achieve final
concentrations of 20 and 0.2 mmol/L, respectively. The
RBCs were transferred to an incubation and storage con-
tainer and stored at 20 to 25°C for approximately 18 hours.
Afterbeing incubated, the RBC units were centrifuged for 6
minutes at 4100 x g, and approximately 250 mL of the
supernatant was removed and replaced with 100 mL of
AS-5, followed by storage at 1 to 6°C. Each RBC unit was
returned to the respective study site within 14 days after
§-303 treatment. Unlike the first generation of S-303 pro-
cess,” the use of an exchange process avoided the need for
a compound adsorption device.

Because the study RBCs had been out of their control
when shipped off-site, each study site confirmed and
documented that the study RBC units returned to them

periods (70 days each) where autologous control or test

Transfer RBCs into Processing Set

Reconstitute and add Reagents
{GSH and 5-303) to Processing Set

Mix RBC with Reagents
then transfer to Incubation Container

]

Incubate for up to 20 hours at 20-25°C

Remove Treatment Solution and Transfer RBC to Storage
Container containing Additive Solution

Fig. 2, Diagram of the treatment configuration used to
prepare S-303 RBCs. The RBC unit and dlluents solution are
transferred to the mixing container of the processing set. The
GSH and 5-303 are reconstituted and then sterilely trans-
ferred to the mixing container of the processing set resulting
in a final concentration of 0.2 mmol/L $-303 and 20 mmol/L
GSH. After being mixed with GSH and S-303 with the RBC
and diluent solution, the treated RBC unlt Is transferred to
an Incubation contalner. The RBC unit is incubated at room
temperature (20-25°C) for up to 18 hours. At the end of the
incubation period the RBC unit is centrifuged, the superna-
tant is expressed, and the RBC unit Is stored In fresh additive
solution.
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were those donated by the subject recipient. The identity
of each returned unit was confirmed by comparison, and
verification of the RBC extended phenotype using a panel
of RBC major and minor antigens comparing preship-
ment samples to postshipment samples.

Chromium-51-labeled RBC 24-hour recovery

Samples for bacterial culture were taken from each unit at
least 5 days before the planned reinfusion date. On Day 35
of Treatment Periods 1 and 2, the day of reinfusion, each
study RBC unit (either test or control} was inspected for
signs of hemolysis, clotting, or discoloration, and the bac-
terial culture was confirmed negative. The unit was cross-
matched againsta fresh subjectblood sample. The unit was
mixed by hand and an aliquot of the RBCs was collected
from the unit and labeled with 10 to 20 pCi of 3'Cr using
standard techniques?® The labeling agent, sodium
51-chromate, was mixed aseptically with the aliquot of
RBCs at room temperature for 30 minutes followed by a
wash step to remove any unincorporated label. An aliquot
of the final volume was reserved for assay as a standard.
Also on Day 35 of Treatment Periods 1 and 2, a fresh sample
of heparinized blood (approx. 10 mL) was collected from
the subject and treated with a sterile tin pyrophosphate
solution, containing approximately 2.0 ug of tin. After a
S-minute incubation at room temperature, the autologous
RBCs were washed with 2 volumes of cold saline; 20 pCi
of technetium-99m (*"Tc) pertechnetate was then added
and incubated at room temperature for 10 minutes. After
an additional cold saline wash, approximately 4 mL of the
labeled RBCs was drawn up into a syringe. The ®™~Tc-
labeled RBCs were carefully added to the*!Cr-labeled RBCs
and the two populations of labeled RBCs were infused for
assessment of subject blood volume and RBC recovery and
survival, respectively. The amount of RBCs and the amount
of radioactivity infused were determined based upon the
methods of Moroff and colleagues® and the International
Committee for Standardization in Hematology.®

The infusion of the radiolabeled aliquot and subse-
quent sampling was carried out according to study site
standard operating procedures and as described by Moroff
and colleagues.?® Briefly, after infusion of approximately
10 mL of stored 'Cr RBCs mixed with freshly collected
#smTc-labeled RBCs, seven blood samples were drawn over
the first 25 to 30 minutes after completion of the infusions
and one at 24 hours (Day 36). Additional blood samples for
S'Cractivityassessment to measure life span were collected
at 48 hours (Day 37), 72 hours (Day 38), and 7 days (Day 42)
postinifusion and then weekly through 35 days postinfu-
sion (Days 49, 56, 63, and 70). The radioactivity of the
samples was counted in a gamma counter to determine
#ICr- and *"Tc-specific activity. The measurement of $'Cr
provided an assessment of RBC recovery, and the measure-
ment of *™Tc was used to measure blood volume.? Al ¥'Cr
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specimens used for survival analysis were counted at the
same time and corrected for decay.

RBC hematologic and chemical analysis

An aliquot was removed from the RBC units immediately
after collection (Day 0 of Treatment Periods 1 and 2) and
on the day of infusion (Day 35 of Treatment Periods 1 and
2) using closed-system sampling methods. These samples
were assessed for RBC physiologic functiori measured by
in vitro variables (pH at 37°C, free Hb, adenosine 5'-
triphosphate [ATP], 2,3-diphosphoglycerate {2,3-DPG)),
extracellular potassium, extracellular glucose, extracellu-
lar lactate, packed cell volume, and mean corpuscular
Hb concentration (MCHC) as previously described.® In
addition, a complete blood count with differential was
obtained on all study units on Days 0 and 35.

Immunohematologic analysls

Sera from the subjects obtained before infusion on Day 35
of Treatment Periods 1 and 2 were tested for antibodies to
autologous control and autologous test RBCs usinga com-
mercial anti-human immunoglobulin G gel card assay
(Ortho Clinical Diagnostics, Raritan, NJ). In addition, test
and control sera, collected and frozen on Days 49 and 70 of
each period, were screened against three individual units
of §-303-treated and untreated allogeneic RBCs to detect
antibodies to $-303 RBCs. The allogeneic RBCs (with the
phenotype O, Rh cde, K-) were prepared as conventional
RBCs and as 5-303—treated RBCs. Allogeneic RBCs were
utilized to test the serum samples from Day 49 and Day 70.
These assays were conducted at a central reference labora-
tory (American Red Cross Blood Services, Pomona, CA).

Calculations and statistical analysis

RBClife span was estimated by dividing the *'Crraw counts
(adjusted for Het) for time points greater than 24 hours (N,)
by the counts at time zero (Ny). The estimate of the percent-
age of surviving cells was corrected for the loss of 3'Cr label
aver time by using an elution multiplicative factor (emf) 5!
Linear and exponential functions were used to fit the data
distribution and a weighted mean approach was used to
derive a single estimate of Tsp and mean life span. The
estimates of mean life span and Tso from each model (linear
and exponential) were pooled as follows:

Mean lifespan (weighted)=
(MSE exponeniat X tinear + MSEninear X fLesponeatiat)
(MSE cgoneonia + MSEinear)

and

T (weighted) =

(M Shmﬂ X MWiinear + MSEginenr "E-lggr_ng )
(MSEmonentat + MSEpues )

where MSE stands for the mean square error and i and
m represent the means for each of the models (linear or
exponential).

The AUC was determined by the trapezoid rule®
where the survival curve is divided into a series of trap-
ezoids (between time points), and the area of each trap-
ezoid is calculated by the product of the width and mean
height. The overall AUC is the sum of the trapezoidal areas.

For RBC recovery analysis, carryover effect was
deemed insignificant (p = 0.10) so that a period-adjusted
t test was used to test for treatment difference in mean
recovery values. Unless otherwise stated, statistical analy-
ses were performed using an analysis of varianice (ANOVA)
model with terms for sequence, period, treatment, and
subject nested within sequence, where subject nested
within sequence was a random effect, while the others
were fixed effects, and except when stated otherwise, sta-
tistical tests were conducted using a two-sided alternative
hypothesis at a significance level of 0.05. The one-sided
95% confidence interval (CI) for proportion of patients
with a recovety of at least 75% was determined via the
Clopper-Pearson method.

RESULTS

Demographics and baseline subject characteristics

Table 1 displays the demographic characteristics of the
study subjects including ABO/Rh blood group. A total of

TABLE 1. Subject and Immunoh fogl
di graphlcs at ing (indirect
antlglobulin test)*
Sex
Malo 11 (40.7)
Female 16 (59.3)
Blood group
A 9 (33.3)
B 7(25.9)
AB 1.7
o] 10 (37.0)
Rh
Negative 3@y
Posltive _ 24(88.9)

* Data are reported as number (%),
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27 subjects, 11 males and 16 females, ranging in age from
25 to 66 years, met entry criteria; and 26 completed both
phases of the in vivo recovery and survival studies. Direct
antiglobulin tests and antibody screen were negative for
all subjects enrolled at screening.

RBC content and prestorage hemolysis of
$-303-treated units

5-303-treated RBC products, immediately after process-
ing and before storage, had a net weight of 297 + 10 g,
with a Hct of 59 £ 1.8% and a Hb concentration of
18.8 * 0.8 g/dL corresponding to a total Hb content of
53.1 * 3.6 g. The mean prestorage hemolysis level was
0.1 £ 0.0%.

Twenty-four-hour posttransfusion recovery

The mean posttransfusion recoveries were 88.0 and 90.1%
for test and control RBCs, respectively (Table 2). These
means were greater than the Food and Drug Administra-
tion (FDA) guidance for a minimum mean recovery of
75%. The SDs for recovery in test and control were 8.50
and 6.88%, respectively, consistent with the FDA criteria of
a maximum 9%. There was one subject in each treatment
group with recovery less than 75%. The lower bound of the
CI for the proportion of subjects with a recovery of 75% or
greater exceeded the minimum of 70%. The lower confi-
dence bounds for test and control were both 83.6%. The
modest difference in mean 24-hour postinfusion recovery
of test and control RBCs was not significant.

RBC survival
The mean life span and Tso of RBCs was shorter compared
to that of control RBCs (Table 3). The mean life spans (cal-
culated by the weighted mean method) for test and control
were 75 and 88 days, respectively. The mean difference in
mean life span between test and control was -14 days
(p =0.0008). The mean Ts, (calculated by the weighted
mean method) for test and contro] were 33 and 40 days,
respectively. Similar to the results obtained for mean life
span, the mean median life span was significantly reduced
intest compared to control for both sites

TABLE 2. 24-hour Cr/Tc posttransfuslon recovery of RBCs (%)

combined (p < 0.0001). The mean AUCs

for surviving cells, for test and control

Test (n=27)  Control (n=27) pvalue groups, were 23 and 24%, respectively

Mean * SD 880x85 90.1 £ 6.9 0.3t (p=0.0124).

Median 887 90.8

Range 63.2-109.3 72.0-103.2

Nunibar of subjects with recovery < 75% 1

95% LCB of one-sided Cl for proportion of  83,6% 83.6% Poststorage biochemical variables
M:::]:xrmﬁtw:mﬁ? _2.08 In vitro variables indicative of RBC
Two-sided 95% CI of mean difference -6.20 to 2.04 quality were analyzed for test and
L.CB = lowar confidence boundary, control RBCs (Table4). On Day 35,

mean hemolysis levels were 0.24 and
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TABLE 3. Mean life span and Ty, of RECs

Mean difference Twe-sided 95% CI
Test (n = 26} Control (n = 26) (test - control) of mean difference p value
Msan (days) 748 [CE] -13.73 -21.12 to —6.36 0.0008
Tuw (days) 27 385 -6.77 -9.57 to -3.98 <0.0001
AUC (% x days) 225 239 -1.38 -2.44 to -0.33 0.0124

TABLE 4. RBC characteristics (mean = SD)

subjects before infusion on Day 35. After

— the infusion, on Days 49 and 70 sera
Characteristic Control (Day 35) Test (Day 35) p valus from all subjects were collected and
ATP (umol/g Hb) 3,58 = 0.808 3.34 + 0.799 0.0028 i icR
Extracellular potassium (mmol/L) 52.7 = 6.48 39.5 + 3.56 <0.0001 Were testediagainst &ogaelcRBGE Ml
Hemolysis (%) 022 % 0.133 0.24 * 0.132 0.44 crossmatch analyses were negative,
Eree Ht-;l (:ngId'L) TR 106.9 = 64.95 104,43 + 55.8 0.2628 except for one subject with a weakly
xtraceltular glucose (mmol 14621 287 £ 545 <0.0001 iti i
Extracellular lactate (mmolL) 28834 18.1 =272 <0.0001 positveireaction L) for only Dl.le outof
pH at 37°C 6.483 + 0.122 640420039  oqo7s | threetestRBCs, on Day 49 after infusion
ﬁ:g?g%som Hb) 0.29 * 0.280 0.12 + 0,137 0.8202 of control RBCs in Period 2, suggesting
325 1.96 339+ 1.68 <0.0001 i ivi i
Spun Het (%) §9.7 %24 624 £ 36 <0.0001 that this reactivity was not likely ta be
specific for S-303-treated RBCs. The
subject’s Day 70 serum sample for the
4 interval after infusjon of S-303-treated
TABLE 5. y of AEs by J RBCs was negative. Because there were
Test Control Overall no positive crossmatch tests to $-303
AE type n=27) (=27) (n=27) pvae | ppeo aner RBC osure, no further
Any AE 8 3 11 0.23 X P g
Mild {(Grade 1) 5 3 8 testing was done.
Moderate (Grade 2) 2 1] 2
Severe {Grade 3) 1 ] 1
Potentially life-threatening (Grade 4) 1] [1] (1]
Possibly or probably related AE 4 3 7 1.0 AEs
After donation and before infusion 1 1 2
Postinfusion 3 2 5 Overall, 12 AEs were recorded for 11
AE leading to study discontinuation 0 0 o subjects. During the 24 hours after infu-
Serious AE 1 0 1

sion, eight subjects experienced AEs

0.22% for test and control, respectively, with a maximum
level of hemolysis at of 0.61% in test and 0.66% in control
RBCs.

Biochemical variables measured on Day 35 showed
glucose levels of 28.7 and 14.6 (mmol/L), for test and
control, respectively, while mean lactate values in-
creased to 18.1 and 28.8 (mmol/L) and pH dropped to 6.40
and 6.48 for test and control RBCs, respectively, suggesting
increased glucose catabolism in S-303-treated RBCs.
Mean potassium values on Day 35 were significantly lower
in the test group as a consequence of the exchange proto-
col. The exchange protocol did not significantly modify
the levels of 2,3-DRG or ATP immediately after processing.
On Day 35, the mean levels of ATP were 3.34 and
3.6 umol/g Hb for test and control RBCs, respectively, and,
as expected, the intracellular concentration of 2,3-DPG
was completely depleted by Day 35 of storage.

Immunohematologic analysis

In the context of a small-dose infusion, the results of the
crossmatch assays on subjects’ sera were negative for all
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after test RBCs and two subjects experi-
enced AEs after the control RBCs
(p =0.2266, Table 5). One severe AE was due to hospital-
ization for severe knee inflammation 27 days after the
infusion of test RBC infusion in Treatment Period 2.
However, this latter event was consistent with an existing
condition and was considered unlikely to be related to the
study treatment. Three moderate AEs were reported by
two subjects within 44 days after infusion of test RBCs.
These events included nonhemorrhagic, papular rash in
extremities of unknown etiology after receiving the RBC
infusion in one subject and moderate stomach pain and
diarrhea after receiving the RBC infusion in another
subject. Both events were judged as unlikely related to
study treatment by the local investigator: mild AEs within
24 hours after S-303—treated RBC infusion included mild,
transient, decreased diastolic blood pressure, hyperhy-
drosis, iron deficiency, and dizziness. Mild AEs within 24
hours after control RBC infusion included local skin reac-
tion at infusion site and increased blood lactate dehydro-
genase. The overall AE incidence was not different
between the test and control group infusions (p=0.23,
McNemar's test) and not different for AE possibly or prob-
ably associated with treatment (p = 1.0).

DISCUSSION

§-303 is derived from a néw class of frangible anchor-
linked effectors with labile alkylating activity.* The first
generation of the §-303 RBC treatment system demon-
strated inactivation of a large spectrum of pathogens and
WBCs*** and was evaluated in a series of six clinical
studies. Four of these studies were radiolabel recovery
studies in healthy subjects,?®** and two were Phase IIT
studies in patients requiring therapeutic RBC transfusion
support.??8 The Phase I1I clinical study of chronic RBC
transfusion was terminated before completion when
antibodies to S-303-treated RBCs were detected in two
patients requiring chronic RBC transfusion support.
Low-titer antibodies against acridine, present on the
membrane of the S-303-treated RBCs were detected by
positive crossmatch reactions of the patient sera to S-303-
treated RBCs. Antibody titers declined to undetectable
levels in both patients during the follow-up period, and
were shown to be unable to react against 5-303-treated
RBCs which were prepared with a modified protocol
similar to the one presented in this article® A second
clinical trial of patients receiving transfusion of S-303-
treated RBCs during cardiac surgery showed an identical
frequency of crossmatch reactivity to S-303 RBCs (2 of 74
patients in test and contro}).> .

A second generation of the $-303 treatment process,
which was found to reduce the potential for immune reac-
tions and maintain acceptable RBC in vitro quality
throughout 35 days of storage, was tested in this Phase [
clinical trial. The primary objective of this study was to
evaluate the posttransfusion viability of autologous RBCs
prepared using the second generation S-303 pathogen
inactivation process and stored for 35 days. The study uti-
lized a crossover design, which has the major advantage of
allowing intrasubject comparison between treatments by
minimizing the intersubject variability from the compari-
son. The primary endpoint was the posttransfusion recov-
ery 24 hours after infusion of test and control RBCs. This
primary endpoint was selected because 24-hour post-
transfusion recovery represents the most commonly used
criterion indicative of RBC transfusion efficacy. The
24-hour recovery was not significantly different between
test and control RBCs. The 24-hour recovery for test RBCs
was 88.0 + B5% and that for control RBCs was
90.1 = 6.88%. These results fall within the FDA guidance
criteria defining the quality of RBC components based on
24-hour posttransfusion RBC recovery with respect to
both the absolute proportional recovery and the
maximum allowed variability in the 24-hour recovery
measurements. i

Mean life span, Tsy, and AUC were evaluated as addi-
tional measures to characterize the viability of $-303-
treated RBCs. These variables were assessed by ANOVA
statistical analysis for a two-period crossover study design

RBC VIABILITY WITH S-303 PI PROCESS

and by clinical relevance based on the criterion of
bioequivalence applied to other biologic variables defined
by a biologic variable within approximately 20% of its ref-
erence value.® Approximately 1% of RBCs (senescent
RBCs) are normally cleared from the circulation each day
and endogenous RBCs survive for approximately 120
days.*' The model used to calculate the clearance of *'Cr-
transfused RBCs affects the measurement of RBC Ts; and
life span.¥” Linear clearance is thought to be most consis-
tent with senescence, that is, the oldest RBCs preferen-
tially leaving the circulation. Exponential clearance is
thought to reflect clearance by a random process, perhaps
due to physical or metabolic changes that affect viability.®
Following the International Corhmittee for Standardiza-
tion in Hematology recommendations,”® we modeled RBC
survival through both a linear and an exponential math-
ematical function and used a weighted mean model when
neither the exponential nor linear regressions demon-
strated superior fit.” The mean test and control RBC Ts,
values were 32.7 and 39.5 days, respectively (p < 0.0001).
For mean AUC, test RBCs were 22.5%, while control RBCs
were 23.8% of cells surviving (p = 0.0124). The mean life
span for test RBCs was 74.6 days, while that for control was
88.3 days (p = 0.0008). Of notice, the mean life span results
are probably subject to a higher variation due to the
intrinsic limitation of 5'Cr survival analysis which uses
data extrapolation to calculate the axis intercept. For addi-
tional accuracy of RBC survival, we are planning further
determinations of long-termt RBC survival in the context
of allogeneic transfusions of biotinylated RBCs. Despite
these statistical differences, it is of note that all these indi-
cators of RBC viability fall within the general guideline of
20% variation from the control consistent with the crite-
rion of bicequivalence. The mean Ty, falls within the pub-
lished reference range of 28 to 35 days for conventional
autologous RBC infusions.®

In addition to in vivo measures of viability, a series of
in vitro variables were used to assess the quality of $-303
RBCs stored for 35 days. Minimal hemolysis, measured by
plasma free Hb, is an index of RBC quality. On Day 35 all
RBC units (both test and control) had hemolysis levels of
less than 1%. The maximum hemolysis on Day 35 was
0.61% in test and 0.66% in control RBC components. Mean
hemolysis on Day 35 was not statistically different
between test and control RBCs (0.24% vs. 0.22%, p = 0.44).

ATP is an important reflection of RBC glycolytic
metabolism and correlates with postiransfusion RBC
recovery. By Day 35 of storage, the mean values of ATP for
both test and control were well above the threshald value
of 2 pmol/g Hb, which is considered acceptable for trans-
fusion* and the marginal decrease in ATP concentration
of test RBCs was not associated with diminished 24-hour
recovery or increased hemolysis.

To assess RBC hydration, MCHC was measured using
an automated hematology analyzer. This is an important
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variable because RBCs with altered hydration status may
exhibit diminished life span. For freshly drawn RBCs, the
MCHC reference value is 34 g/dL, with 2 SDs lower being
31 g/dL*® For control RBCs, the Day 35 MCHC was
32.5 g/dL and that for test was 33.9 g/dL (p < 0.0001). Both
of these values are within the reference range for fresh
RBCs. Overall, these in vitro data indicate that RBCs pre-
pared using the S-303 treatment process remain viable
and metabolically suitable for transfusion through 35 days
of storage. These data are also consistent with the 24-hour
posttransfusion recovery results and with the three indi-
cators of RBC life span indicating bioequivalence between
test and control RBCs.

AEs were recorded for 24 hours after autologous blood
donation and for 24 hours after each study transfusion. No
AE led to study discontinuation and no significant AE was
found to have a temporal or causal relationship to the
infusion of test RBCs. There were eight AEsin the test group
and three AEs in the control group (p = 0.23). Most AEs
were mild to moderate with the exception of one severe AR
in the test period that was considered not related to the
infusion of $-303-treated RBCs. Because of the small-
volume exposure to the test article and specific design to
define the in vivo RBC recovery, this study had limited
power to assess safety events. Despite that, we did not
observe any significant AEs with a temporal or causal rela-
tionship to the infusion of $-303-treated RBCs.

Two patients in the RBC chronic transfusion trial with
the first-generation S-303 process developed antibodies to
S§-303-treated RBCs. The immunoreactivity observed was
due to the acridine moiety of the S-303 molecule and the
lack of involvement of the RBC surface in this reactivity
was confirmed by complete inhibition using acridine
alone, consistent with the absence of neoantigens on the
RBC surface. These antibodies did not induce detectable
hemolysis in vivo in either of the two patients. In addition,
a monocyte monolayer assay showed no increased RBC
phagocytosis in the presence of sera of these two
patients?®¥’3% This second-generation process was
designed to reduce the level of acridine bound to the RBC
surface, thus reducing the potential for immune response.
This has been supported by in vivo studies using a rabbit
model of chronic RBC transfusion. In these studies,
chronic transfusion of RBCs with high levels of acridine
(similar to the first-generation process) elicited an
acridine-specific antibody response, whereas transfusion
of RBCs with low levels of acridine (similar to the second
generation process) did not.

In the context of infusion of small dose of $-303—
treated: RBCs, there was no evidence of immune response
to 35-day-stored RBCs prepared using the S-303 exchange
treatment process. S-303-treated RBC antibodies were not
detected in any of the subjects’ specimens when followed
for up to 70 days postinfusion. Although the overall
amount of infused RBCs was small, the absence of detect-
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able antibody formation supports progression to studies
of repeated transfusions of full units for recognized thera-
peutic indications.

In summary, in this Phase I two-period crossover
study conducted in healthy volunteers, the 24-hour post-
transfusion recovery of RBCs prepared using the $-303
pathogen inactivation process was not significantly differ-
ent than the recovery of control RBCs and complied with
the FDA guidance criteria for 24-hour RBC recovery and
hemolysis at the end of the storage period, with no signifi-
cant difference between test and control RBCs. RBC sur-
vival assessed through three different variables fell within
20% of control RBCs, indicating bioequivalence of RBC
viability. There were no significant imbalances between
test and control RBCs with respect to safety. Pathogen-
inactivated RBCs produced using the S-303 treatment

. process show broad bioequivalence with control RBCs

and the product appears suitable for advanced clinical
development.
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