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Babesia Infection through Blood Transfusions:
Reports Received by the US Food
and Drug Administration, 1997-2007

Diane M. Gubernot' Charles T. Lucey,' Karea C. Lee? Gilliam B. Conley.’ Leslie G. Holness,' and Robert P. Wise?

'Office of Blood Research and Review, Centar for m_o_onm.nm Evaluation and Research, US Food and Drug Administration, 0tfice of Biost
and Epidemiology and US Public Health Service, and *Office of Compliance and Bistogic Quality, Rockville, Maryland

Background. Human babesiosis is an illness with clinical manifestations that range from asymptomatic to
fatal. Although babesiosis is not nationally notifiable, the US incidence appears to be increasing. Babesia infection
is a transfusion-transmissable disease. Ani estimated 70 cases were reported during 1979-2007; most of these cases
were reported during the past decade,

Methods. We queried the 3 following US Food and Drug Administration safety surveillance systems to assess
trends in babesiosis reporting since 1997: fatality reports for blood donors and transfusion recipients, the Adverse
Event Reporting System (which includes MedWatch), and the Biological Product Deviations Reporting system.

"We analyzed fatality reports for time frames, clinical presentations, and patient and donor demographic
<characteristics. ’

Results. Eight of 9 deaths due to transfusion-transmitted babesiosis that were reported since 1997 cﬂ:l&.

within the past 3 years (2005-2007). Four implicated donors and 5 patients lived in areas where Babesia infection

. is not endemic. Increasing numbers of Biological Product Deviations Reports were submitted to the US Food and

Drug Administration over the past decade; the Adverse Event Reporting System received no reports,
_ Conclusions.  After nearly a decade with no reported death due to transfusion-transmitted babesiosis, the US
Food and Drug Administration received 8 reports from November 2005 onward. The increased numbers of deaths

reported and Biological Product Deviations Reports suggest an increasing incidence of transfusion-transmitted’

babesiosis, Physicians should consider babesiosis in- the differential diagnosis in immunocompromised, febrile
patients with a history of recent transfusion, even in areas where Babesia infection is not endemic. Accurate and
timely reporting of babesiosis-related donor and transfusion events assists the US Food and Drug Administration
in developing appropriate public health—control measures.

Human babesiosis is. a protozoal zoonotic illness that
is transmitted primarily by Ixodes scapularis ticks in
North America. Of >100 Babesia species that infect ver-
tebrate hosts, Babesia microti, Babesia divergens-like or-
ganisms, Babesia duncani (previously known as WA-1),
CA-1, and MO-1 infect humans in the United States
[1). The majority of US babesiosis cases are attributed
to B. microti, which is found mostly in the northeastern
and upper midwestern states.

Clinical manifestations range from mild, self-limited
flu-like symptoms to severe :Emw.n. fatigue, fever, an-
otexia, arthralgia, myalgia, depression, vomiting, and
anemia. Complications can include acute respiratory
failure, congestive heart failure, and renal failure {2, 3].
Patients who are immunocompromised, mmEm:F coin-
fected with other tick-transmitted infectious pathogens,
and/or elderly are at risk of increased disease scverity
{1, 4, 5].

After acquiring Babesia parasites from a tick bite,
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infected individuals may develop symptoms within 1~
4 weeks. Most cases are probably not reported, because
many infections are asymptamatic, symptoms are mild,
or a patient may be colsfected with Borrelia burgdorferi
(with Babesia infection remaining undiagnosed) (6-8).
In addition to a probable lack of clinical awareness,

especially in areas of nonendemicity, many states have
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no reporting requirement (6, 9, 10], and babesiosis, unlike
Lyme discase, is not nationally notifiable. Infected patients can
harbor circulating parasites for months or years without symp-
toms; patients with chronic low-level parasitemia may un-
knowingly transmit the organisms through donating blood (7,
8]. There is no licensed test for Babesia screening of donated
blood products.

The majority of an estimated 70 transfusion-transmitted Ba-
besia infections since 1979 involved B. microti; most of these
infections were reported in the past decade (D. Leiby, personal
communication) [7]. The national standatd blood donor ques-
tionnaire includes questions about prior babesiosis infection
and general donor health [11]. Individuals with previously di-
agnosed babesiosis are indefinitely deferred (ineligible to donate
blood). However, mild Babesia infections may remain unrec-
ognized, and infected individuals may not recall recent tick
bites (12].

The purpose of this article is to alert clinicians and the public
health community of reported deaths related to transfusion-
transmitted babesiosis; to describe the US Food and Drug Ad-
ministration’s (FDA’s) surveillance systems for adverse events
and product manufacturing deviations related to donor blood
collection, distribution, and transfusion; and to encourage the
reporting of suspected cases of transfusion-transmitted

babesiosis.

METHODS

The FDA's surveillance systems. The FDA receives infor-
mation about suspected complications of blood collection and
transfusion via the 3 following systems: fatality reports for
blood donors and transfusion recipients, the Adverse Event
Reporting System (AERS; which includes the FDA MedWatch
program), and the Biological Product Deviations Reporting
(BPDR) system (table 1).

Blood establishments are required to notify the FDA “when
a complication of blood collection or transfusion is confirmed
to be fatal” [13, p. 58). Center for Biologics Evaluation and
Research medical officers review documentation from the re-
porting facility and reports from FDA investigatots to assess
the relationship, if any, to the blood donation or transfusion.

Biologics manufacturers are required to submit reports of
adverse experiences to the AERS, the FDA's computerized da-
tabase for postmarketing safety surveillance. The voluntary
MedWatch program allows health care professionals and con-
sumers to report adverse events to the AERS.

The FDA's BPDR system receives reports of “any
event...associated with the manufacturing, to include testing,
processing, packing, labeling, or storage, or with the holding
or distribution of a licensed biological product or blood or
blood components.... in which the safety, purity, or potency of
a distributed product may be affected” {14].

Data query. We queried these systems for babesiosis-
related blood donation or transfusion events reported from 1
October 1996 (FDA fiscal year 1997) through 31 December
2007 {first quarter of fiscal year 2008). We analyzed fatality
reports for time frames, clinical presentations, and patient and
donor demographic characteristics. Babesiosis-related reports
to the BPDR system typically describe either possible trans-
fusion-transmitted disease or postdonation illness, with poten-
tial implications for the safety of the donated blood units, We
categorized cases reported to the BPDR system as postdonation
iliness: and potential transfusion transmission-related events.
To avoid distortion of BPDR trends, we excluded reports of
infected donors identified prospectively through antibody assay
research [7].

RESULTS

Reported deaths of blood donors and recipients. 'Before 2005,
the FDA received the last fatality report of transfusion-trans-
mitted babesiosis in 1998; there were 2 reports in 2005, 3 in
2006, and 3 in 2007. Clinical Eanzﬁmo:m (table 2) were con-
sistent with natural tick-borne Babesia infection in asplenic,
immunocompromised, or other patients with serious comorbid
chronic disease [12]. All were infected with B, microti and had
received RBCs; | death was attributable to a unit of frozen
deglycerolized RBCs. Recipients'developed symptoms in 2.5-7
weeks and died within 2 months after transfusion of the im-
plicated blood units (table 3). FDA medical review verified that
transfusion-transmitted babesiosis contributed to each death.

BPDR. Figure 1 summarizes 10 years of BPDRs for po-
tential transfusion-transmitted Babesia infection and postdon-
ation babesiosis. The numbers that were received range from
0in fiscal year 1999 to 25 in fiscal year 2007.

AERS. Since 1997, the AERS has. not received any report
of transfusion-transmitted babesiosis.

Laboratory and blood blish t
All fatal cases (in blood recipients) reported here were initially
diagnosed with use of a thin peripheral blood smear. For each
fatality, subsequent donor testing by immunofluorescence an-
tibody assay revealed elevated B. microti antibody titers (=1:
128). Al implicated donors were indefinitely deferred from
donating blood. - ’

n 3¢

DISCUSSION

Babesiosis has gairied attention as an emerging zoonotic disease
with an expanding known geographical range (6, 9, 15, 16].
Since November 2005, the FDA leatned of 8 deaths involving
p‘ua?ao?»nwzmawznm babesiosis and has received increasing
reports of norfatal cases and postdonation illness. Because of
the likelihood of underreporting to the FDA’s surveillance sys-
tems, these data suggest that the incidence of transfusion-trans-

mitted babesiosis may be increasing.

26 -+ CID 2009:48 (1 January) + Gubernot et al,
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Table 1. US Food and Drug Administration (FDA) surveillance systems for biologics.

Publicly accessible data
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egatve PCR result
Connecticut 2 months be-
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Resident of Maryland; traveled -
kniown tick bite; B.

Resident of Rhode Island; 8.
Resident of Texas: history af
Residant of Minnesota; B. mi-
Resident of Connacticur, 8.
Resident of Ohio; wraveled to
Residen: o New Jarsey: 8.

CBC. complete blood count; G, gastrointestinal;

inistration.

Ciinical course

oasitiva PCR resutts and an IgG titer of 1:2048 tor 8. microtl

4+, confinmed by PCR as 8. micron; atovaquone, clindamycin, and
qumine {ailed 1o prevent raspiratory failure, ypotension, cardiac comph-

cations, and progressive shock .
Initially teated for bacterial sepsis tvancomycin and ceftazidimel, then para-  Resident of indiana, vaveled. 1o

tonal failurel; axaminaton for anerrua and faligua dentilied Babesia spe-
cies on PB smear (positive PCR resutt); treated with quining and clinda-

mycin; Sevelopad 3113 of adult raspiratery distress syndrame; sxoeri-
romycin; died on hospital day 12 with persistent parasitemia, progressive

renal failure, anemia, and attered meantal status

Batesia specws identiod by PB smear, treated; developed altered mentat

alterad mental statua and disseminated intavascular coagulation and
damycin arg quinine and vansferred to ICU because of respicatory

distress

sitermia was treatad with exchange transfusion: originally received & mis-

mission, with 8abesis infection diagnosed (by P8 smaar} and veated on

hospital day 2: death due 10 muitiple medical problems.
fine pius avtomated RBC exchange by apheresis, which reducad parasi-

thtombocytopenis diagnosed  temia from 26% to 5%: daveioped altered mental status: the pabent

BUN levet of 80 glal., ad 3 creatinine levet af 2.5 mg/cl. lindicaring

died of muitiple-organ tadure, Staphylococcus aunsus preumaonia, and

acute myocadial infarction

enced thrombotic cerebrovascular accident on day 5 of reatrment watl
Low plateiet coun: on CBC with B% Babesia ipecies found by manual PB

high fever
Babesia species identified by PB smear; Lreated with 2tovaquone and azith-

s@tus, tespiratory distress acd Gl bieed

e

Babesla species identified by PB smear; treated with clindamycin snd qui-
died;

CBC showing a hemocrit of 21%, a plaielet level of 21,000 plazelers/ml,
Sapsis examination and braad-spectrum antibiotics started at hospital ad-

that were teported to the US Food and Drug Adm
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creasing fom 29% 1 23%

g

we report here the information pravided. BUN, blood urea nitrogen:

1CU, intensiva cara unit; IFA, indirect immunofluorescence antibody assay; P8, peripharal bicod.
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Ppetite and loose bowet
movements for t woek,
trates on chest radiograoh

fexia with kow-grade fever
ather complaints of metena,
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. severe
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acute

Medical history
melena and previous hepatitis B and C
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vascular accident, and hypedipidemia
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tamy, and cholecystectomy

nary hyperiension, kan overload. and multiple
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iopathic theombocytopenia, and multipie other medical

problems.
Connecticut  Chvoric ver disease (partal hypertension with gastroeso-  Low-grade fevec complaints of  Sabasia spacies identlied by PB smadr; kreated; developed acute tubutar

transtusion dependentt and Gl bleed
and history of splenectormy, coronary artery disease, id-

moval with transtusion
End-stags renal disease {receipt of hemodialysis], conges- Nausea with fever while re-

Conganital hypoplastic aneimya Dismond Blacktan sy

Recent history o
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Texas
Ohio *
indiana
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Rhode Island  Chronic myelomonocytic laukemia with cheonic anemia

y of deaths

Sex .
Maie
Male
Male
Femala
Female’
Fermale
Female

Female

Q
43
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88
57
76
n
82

«9  Female New Jarsey linsulin-dependent Ciabates, enc-stage fenal disease lre-
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Patient  years

NOTE. The information in this table was reported through a passive surveiliance system;
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Table 2.

Tatle 3. ing of clinical events in fatal cases involving transt t itted Babesia infection reported to the US Food
and Drug Administration, .
Patient

Timing v 2 3 4 5 6 7 8 3
Daze of implicaled 9 Aprit 16 November 6 December 24 August 20 Sep @ 7 20 26 Novarmbar

1998 2005 2006 2006 2006 2006 2007 2007 2007
Latency period. days 3 38 50 5] 18 30 29 43 a1
Time to a&n-&«_mw days. 43 42 50 34 19 36 n 57 45
Time 10 daath, days 49 55 57 42 6 41 34 50 47

* Periods from the date of implicated transfusion to the onset of symptoms are approximate (based on available estimated dates of symptom onset).

® Posttranstusion diagnosis of Babesia infection,
€ The patient died prior to diagnasis of Babesia infection.

Babesia infection should be considered among potential eti-
ologies for otherwise unexplained fever in patients who have
recently received blood products. Because of the mobility of
donors and transportation of blood products, babesiosis should

be considered even beyond geographical regions with naturally -

occurring disease. As noted in table 2, several donors did not
live in areas of endemicity but had traveled to these regions
before donating blood.

Patients presented with symptoms (table 2) that were typical
of natural infections, Most developed altered merital status,
renal failure, or respiratory distress. The interval from blood

30

25

No. of BPDRs
&

- M
1897 1898 1899 2000 2001 2002 2003 2004 2005 20068 2007
Fiscs! Year

B Potential Implication In Yranafuslon-Transmitted Disease

[ Postsonation iess

Figure 1. Summary of babesiosis-related Biological Product Deviation
Reports {BPDRs} received by the US Food and Drug Administration (FDA}
during fiscal years 1397-2007 (the FDA fiscal year is from 1 October
through 31. September). These data.do not include reports of infected
donars identified prospectively through antibody assay research trials.
BPDRs may include >1 recipient, unit, or donation. Patential implication
intransfusion-transmitted disease refers to reparts that indicate the safety
of 2 blood component unit that may have been affected {e.g., instances

" when' a blood transfusion recipient received a diagnosis of babesiosis,

" but the donor could not be contacted for confimmation). Postdonation
illness refers to fliness in donors who notified the blood collection es-
tablishment after donation that they bad received a diagnosis of babe-
slosis. Whether these donors were infected at the time of donation was
ynknown; all units (not yet transfused) from these donors were withdrawn,
and the donors were indefinitely deferred.

transfusion to symptom onset was 2.5-7 wecks (table 3). An
carlier article reported a 1-9-weck time frame for transfusion-
transmitted babesiosis [17]. These ranges of latency periods
contrast with the natural infection incubation time of 2—4
weeks.

With I exception, all patients received transfusions from Au-
gust through December, consistent with the seasonality of Ba-
besia infection, Chronic parasiternia in the donor may have
accaunted for the 1 case involving a blood transfusion in April.

Implicated donations were identified in all cases; the donors
tested positive by peripheral blood smear or immunofluoresc-
ence antibody assay. Four donors’ samples also tested by PCR
had negative results. They may have been convalescent and no
longer parasitemic or were PCR negative because of the small
sampling volume. All donors were asymptomatic at donaton
and remembered no tick bite.

Because many babesiosis cascs may escape recognition, ques-
tioning donors has limited preventive value [17]. Babesia spe-
cies can survive blood banking procedures, including refrig-
eration, leukoreduction, and filtration; pathogen transmission

. through transfusion of RBCs, deglycerolized RBCs, or platelets

can occur {!, 18-21], Babesia parasites can survive i frozen

RBCs, because the glycerol treatment prevents ly:

In view of the short periods between symptom onset and
death (5-17 days) (table 3}, examination of a peripheral bicod
ty and the level

smear {or other testing, depending on availat

of clinical suspicion) for possible Babesia species should be
considered early in the evaluation of unexplained fever during
the first few weeks after transfusions, particularly in asplenic
or otherwise immunocompromised patients. Infectious disease

consultation may be required* to microscopically distinguish
Babesia species from Plasmodium organisms.

Although babesiosis is not nationally notifiable, reporting
transfusion-transmitted Babesia infections to public health au-
thorities can.allow investigators to identify infected donors and
interdict remaining units. lavestigation of prior donations also
allows testing of associated recipients.

Similarly, blood collectors should immediately report post-
ies to expedite

denation babesiosis to the transfusion fac

Babesia Transmission through Blood Transfusion » CID 2009:48 (1 January) « 29
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prompt withdrawal of potentially infected unexpired blood
components. We remind blood establishments of the require-
ment to submit fatality and BPDRs to the FDA.

Our data cannot distinguish whether the increase in the
numbers of deaths and reports to the BPDR system reflect an
increasing incidence of babesiosis and/or improved diagnosis
and reporting, State Health Departments (e.g., in New York
and Connecticut) have also seen an increase in the number of
babesiosis case reports over the past 10 years (22-25).

Each year, >5 million recipients receive >14 million trans-
fusions of whole blood or RBCs [26). Transfusion-transmitted
babesiosis appears to be rare, but increased clinician awareness

of the possibility of babesiosis in febrile transfusion recipients *

may facilitate earlier diagnosis and more successful treatment.
It will also trigger timely public health investigations to interdict
extant infected units and alert other associated recipients, pro-
tecting others from this potentially fatal blood-borne pathogen.

Addendum. During final revisions of this article in late
September 2008, the FDA received a report of another death
associated with transfusion-transmitted babesiosis. An elderly
woman in Minnesota died ~3 weeks after receipt of 2 units of
RBCs. One of the donated units’ retention segments was pos-
itive for Babesia species by serologic testing and PCR.
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these findings, and showed both haplotypes have aitered he® and hr®
antigen expression, and the assoclated ¢ and e antigens are altered to
the extent that alioanti-c and alloanti-e were produced. We also describe
a homozygous proband with an alloantibody to the high-prevalence
antigen that is anti al to JAL. Methods: Samples from 15 JAL+ persons
mily including two C. ian, six African
American Blacks, one Puerto Rican Black, and six Brazilian Blacks) were
tested. Hemagglutination studies were performed by standard methods
using reagents from multiple sources. Results: The JAL+ status of the
RBCs was delarmined with three anti-JAL (J Pas., Allen, MacD). RBCs
from both Caucasian JAL+ probands had the (C}(s) haplotype and altered
C. e, hr¥, and hr® antigens. RBCs trom Black JAL+ persons had the {(c}(e)
haplotype and expressed sltered c, e. 1, V, hr%, VS, and h® antigens. Of
six anti-C reagents, all agglutinated the two Caucasian samples moderately.
Of nine anti-c reagents tesied with RBCs from the non-Caucasian pro-
bands, reactivity ranged from strong to negative; nolably, clone MS42
reacted strongly, MS33 and BS240 reaclted moderately, and Gamma
clone 951 was non-reaclive. Of 12 anti-e reagents, reactivity ranged from
strong to negative; notably, clons MS62 and MS63 reacted moderately,
MS69 and HIRO38, 41, and 43 reacled weakly 1o moderately, and MS16
(depending on the formulation) was weakly reaclive or non-reaclive.
Al RBC samples were lested with al least two examples of ant-V, -he8; -
VS, and -h®, some gave woak reactions while others did not react.
Plasma from one proband contained alloanti-t, from another contained
alloanti-e, and from a third contained an alloantibody that falled 1o react
with O- - and Rh,. RBCs, This apparent ant-Rh17 recognizes the high-
prevalence antigen anfithetical to JAL that we have named CEST. Conclu-
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of c and e, the 114Trp
JAL.
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Malarla and Chagas

$37-020E .
Malarla Antibody Testing—A Safe and Efficient Strategy to Minimise
the Risk of Transfusion Transmitted Maiaria (TTM) ~

C Seed' (akeller® arcbs.redcross.onp.au), G Kee?, S Ismay?, T Wong?,

A Keller'. 'Australian Red Cross Blood Service, Parth, Australia?Sydney,
Australia. .

Background: Until recently, owing 1o the lack of a sultable tast, scraening
for malaria in Australian blood donors Involved collecling a medical and
travel history and excluding the ‘celiutar’ blood componsnts from donors
with a llal malaria exp This strategy mi the residual risk
of TTM to less than 1 in 10 million but resulted in the unavallabiiity for
transfusion of approximatety 35,000 red blood catis (RBC) per anmum. In
July 2005 the Australian Rad Cross Blood Servica (ARCBS) implomented
an aflernative siralegy basad on screening donors with potential malaria

Xp for malarla a

slons: The presence of the JAL antigen has a gt ive and q

effect on the expresslon of, in Caucasians C, e, hr*, and hr* antigens, and
in people of Black Alrican ancestry c, e, f, V, hr¥, VS, and hr® antigens.
The qualitative effect on iwo antigens is revealed by two patients who
raceived biood transfusions and made alioanthc or alicanti-e. This Is the
first description of an antlbody to the high-p antigen

to JAL

Disclosure of Conflict of Intorest

Christine Lomas-Francls, Connls Westhofi, Denden Alcantara,

Pamela Nickle, Joan Uehlinger: Nothing lo Disclose

Marion E. Reid: Not Speciiied

$36-0200

The JAL Antigen {RH48) Is Encoded by an ARG114TRP Mutation
c hoff' (mreid@ org), S Vege', C Lomas-Francis?,
K Hue-Roye®, L Castilho®, M E Reld*. 'American Aed Cross.
Philadelphia, PAZNew York Biood Center, Long Island City, NY:
INaw York Blood Center, New York;*Hemocanlro, Unicamp,
Campinas, Brazil.

Background: Two JAL-positive {Rh4B+) haplotypes have been described.
One, found in Caucastans, has altered C and e antigens ((C)(s}], and the
other, found in people of Alrican Black anceslry, has allered ¢ and e
antigens [(c)(e)] (Lomas, et al., Vox Sang 1890;59:39). The purpose of

risk exp 3%: Since July 2008, donations from donors
identified ag having had malaria and recovered. or having traveled to or
resided In a malarial country within the last 3 years are sligible for testing.
RBC from these donors were collected, quaraniined and samples tested
using a commarcial malarla antibody EIA. Non reactive (NR) donations
were then issued for ion and the d donors re-instated for
cellular comp EIA rep v
were not Issued and subject to supplementary tesiing (real-time plasmodial
PCH and antigen im hic tast). C ly suppl
tal test negative donors were considered ‘antibody positive without evi-
dence of cument Infection, Donors reactive on either or both suppiemaental
tesls ware considered potentially infected and referred immediatety for

- clinical assessment. Results: A total of 122,713 donations were tested by

EIA belwesn July 2005 and February 2008, of which 117,900 (36.1%) were
NR and the remaining 4,813 (3.9%) repeat reactive (RR). From donors
re-instated by @ NR EIA, ARCBS issued for transfusion an additional
159,287 RBC and 17,815 platelels representing the combined retum from

their tested donation, and ions made during the peried
of thelr original restriction. Of the 4,813 EIA RR samples, one had low leve!
but Abl L tal DNA by PCR (index sample 31 and

* foliow-up u!:m_o 50 coples/ul) but was antigen negative. The donor, a
. migrant trom Liberia had a history of malaria during childhood but was

ymp at follow up. C The tesling sirategy has delivered
In excess of 50,000 additional RBG and §,000 addional platelets annually
since ption. This has kedly jency by

this study was lo determine the molecular basis d with
of the JAL antigen. Methods: Samples from fiteen JAL+ probands; two
Caucasian, six Alrican Amerlcan Blacks, slx Brazilian Blacks, and one
Puerto Rican were included In the study. Hemagglutination studies were
performed by sfandard methods. DNA, extracted from peripheral biood
leukocyles, was amplilied by PCR and analyzed by sequencing. Reticuloc-
tye RNA isalation and Rh-cONA analysis was performed by slandard
molecular methods. Results: Sampies from Caucasian JAL+ probands had
RHCE*Ce, and those from Black JAL+ probands had RHCE"¢e. but all had
a 340C > T (Argi14Trp) missense mutation In exon 3 of RHCE regardless
of the Ce or ce background allgle. The JAL-encoding RHCE ce aflele also
had 733C > G (Leu245Val) and red cells from informative heterozygoles
. and homozygotes did nol express 1, hr%, or hr® antigens, and had dra-
matically weakened V, and VS antigens. Expression of ¢ antigen was also
allered, as the RBCs were non-reaclive wilh one of three monoclonal
anti-c tested. In kind, expression of C on the Ce allele was allered, as
was the e antigen expressed from both the ce or Ce allele thal encoded
JAL. Conclusions: Expression of the JAL {Rh4B) anfigen results from
340C > T {Arg114Trp) on either a Ce or ce background. Although the
Ce allele encading the JAL anligen has bean reported as CeMA by.Nolzat-
. Pirenne et al., {Transfusion 2002;42:627) and the ce allsle as caS{340)
by the same authors (Blood 2002; 100:4223), these allsles have not previ-
ously been recognized as encoding the JAL antigen. Those samples
were studied because of alterad expression of C or e antigen, respectively.
We show here for the first time that, in addition to atered expression of C

95

ing the proportion of _B:u_:-_c_ow components from ww_m__ao donors,
‘The lack of @ reported TTM case since implementing the new strategy
suggests that this dividend has been achieved without measurably impact-
ing recipient safety.
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Malsria Defarrals: Time to Lessen the Impact of Travel Deferrals
M Nguyen' (gibble® usa.redcross.org), D Leiby', T Goff’,

J Gibbie®, *American Red Cross, Rockville, MD?American

‘Red Cross, Baltimore, MD;*Amarican Red Cross, Blood Servicss,
Baltimore, MO.

Background: Human malaria, caused by five species of the intraerythro-
cytic protozoan parasite Plasmodium, remains a blood safety concem.
However, blood banks are adversely impacted by ongaing donor loss due
to an increasing number of malaria deferrals. Among the 1% of donors lost
because of malaria deterrals, the majority (31%) were associated with travel

. to malaria endemic areas. In conlrast, the only 2 transfusion-ransmitted
malaria cases reported in the US sinca 1998 were atiributed to donors with -

past residence in an endemic region. This study investigated the relationship

of 4 months after their last -

dly reactive {RR) donations -
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Short Report: Chloroquine-resistant Plasmodium vivax in the
Republic of Korea

Kkot Sil Lee,t Tae Hyong Kim,t Eu Suk Kim, Hyeong-Seok Lim, Joon-Sup Yeom,
Gyo Jun, and Jae-Won Park*

Department of [nternal Medicine, Kwandong University College of Medicine, Seoil, Republic of Korea; Department of
Internal Medicine, Soonchunhyang University College of Medicine, Seoul, Republic of Korea; Department of Internal
Medicine, Dongguk University College of Medicine, Seoul, Republic of Korea; Department of Pharmacology, Ulsan University
College of Medicine, Seoul, Republic of Korea; Department of Internal Medicine, Kangbuk Samsung Hospital,
Sungkyunkwan University School of Medicine, Seoul, Republic of Korea; Departments of Microbiology and
Biochemisiry, Graduate School of Medicine, Gachon University of Medicine and Science, Incheon, Republic of Korea

Absuract.  The number of Plasmodium vivax malaria patients in the Republic of Korea and North Korea since the
re-emergence of malaria in 1993 is estimated to be approximately one million. To cope with this situation, the Army
of the Republic of Korea has performed chemoprophylaxis with hydroxychloroquine and primaquine since 1997. The
cumulative number of soldiers in the Army of the Republic of Korea given chemoprophylaxis exceeded 1.4 million
by 2007. Extensive chemoprophylaxis contributed to preventing a rapid increase of malaria patients in the Army
of the occurrence of chloroquine (CQ)-resistant P vivax

of the Republic of Korea, but increased the possibility
strains. In this study, treatment responses of P. vivax ma
2003-2007, and CQ resistance was confirmed in 2 of 484 enro

laria patients in the Republic of Korea monitored during
lied patients. Our results are the first report of CQ-resistant

P vivax in a temperate region of Asia. Continuous surveillance is warranted to monitor the change in CQ resistance

frequency of P, vivax in the Republic of Korea.

Plasmodium vivax malaria, which was endemic oa the
Korean Peninsula for many centuries until the late 1970s,
re-emerged in 1993 in the Republic of Korea.! The malaria-
prevalent area has been confined to the area adjacent to
the Demilitarized Zone (DMZ) from the early stage of the
re-emergence, and malaria occurrence in the Republic of
Korea has been directly influenced by the prevalence of
malaria in the region of North Korea located near the DMZ.!
The total number of malaria patients in the Republic of Korea
and North Korea since the re-emergence likely approaches
one million.’™ To cope with the situation, the Army of the
Republic of Korea has performed chemoprophylaxis with
hydroxychloroquine (HCQ) and presumptive anti-relapse
therapy with primaquine since 1997.f The cumulative number
of the soldiers in the Army of the Republic of Korea given
chemoprophylaxis exceeded 1.4 million by 2007. This exten-
sive chemaprophylaxis campaign has helped prevent a rapid
increase of malaria patients in the Army of the Republic of
Korea. However, this success is tempered by the increased
possibility of chloroquine (CQ)-resistant P. vivax strains.’

In this study, 484 patients from 6 hospitals in the Republic
of Korea (5 in the malaria-prevalent region and 1 in Seoul}
were enrolied during 2003-2007. Blood samples were col-
Jected from all patients before HCQ treatment and 24 hours
after completion of treatment. Treatment responses were
monitored by investigation of fever clearance time and par-
asite clearance time. Plasma concentrations of HCQ before
and 24 hours after completion of treatment were measured
by validated reversed-phase high-performance liquid chroma-
tography® with slight modifications.” Additional examinations
or blood collection were not performed. The study protocols

* Address correspondence to Jae-Won Park, Department of Micro-
biology, Graduate School of Medicine, Gachon University of Medicine
and Science 1198, Kuwol-1-dong, Namdong-gu, Incheon 405-760,
Republic of Korea. E-mail: seorak@dreamwiz.com

+ These authors contributed equally to this work.
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were reviewed and approved by the institutional review board
of each hospital. All patients enrolled in this study were admit-

.ted to the hospitals during HCQ treatment, and HCQ was

taken under the physician supervision. There were no prob-
lems with HCQ treatment compliance.

Among 484 patients enrolled in the five-year study, HCQ
treatment failed in two patients (Table 1). These two patients
had not been in malaria-prevalent areas in other nations dur-
ing the two years prior to their present hospitalization.

Patient A was a 26-year-old man (civilian) who had been
discharged from the military in May 1998. Chemoprophylaxis
was not performed during his military service. He was admit-
ted to hospital I.located in Goyang, a malaria-prevalent area
in Kyonggi Province, on July 30, 2003. Plasmodium vivax
malaria. was confirmed and be was administered 2,000 mg of
HCQ over a three-day period. More specifically, on day 0, he
was given 800 mg of HCQ, with doses of 400 mg administered
6 hours and 24 hours later (day 1), and 48 hours later {day 2).
Despite administration of the first cycle of HCQ treatment,
fever did not subside until day 6 and P. vivax trophozaites
were evident in a peripheral blood smear obtained on day 6.
Parasite density on day O (before the treatment) and day 3
(24 h-after completion of HCQ treatment) were 3,500/uL
and 300/uL, respectively. Gene amplification by species-
specific primers for small subunit ribosomal RNA? showed
that Plasmodia in the patient’s peripheral blood was P, vivax.
The plasma concentration of HCQ 24 hours after the comple-
tion of HCQ treatment was 165 ng/mL. The patient was com-
pletely ciired by administration of an additional cycle of HCQ
treatment commencing on day 6.

Patient B was a 72-year-old woman. She was admitted to
hospital II located in Seoul on July 24, 2007 (day 0), because
of fever and chills. Plasmodium vivax malaria was diagnosed
and HCQ was administered on July 25-27 (days 1-3). Treat-
ment was unsuccessful in resolving the fever and severe
headache, and parasites were evident both microsco-
pically and by small subunit ribosomal. RNA amplification
until day 4. Parasite density on days 0 and 4 was 3,800/uL.

216 LEE,KIM AND OTHERS

TasLe 1
Demographic and clinical characteristics of two patients unsuccessfully treated with the conventional HCQ regimen. Republic of Korea®

Period of HCQ Plasms concentration Parasite density beforeiaficrt Regimen for
Patient Hospital (location} administration of HCQt (ng/mL) HCQ treatment (parasitcsivl.) complete cure
A I (Goyang) July 30-August 1,2003 165 3,500/300 Additional
administration
of HCQ
B 11 (Seoul) July 25-27,2007 150 3,800/440 Quinine sulfate

and doxycycline

+ HCQ = bydroxyehloroquine.
1 Measured 24 hours after completion of HCQ treatment.

and 440/uL, respectively, The plasma concentration of HCQ
24 hours after the completion of HCQ treatment was 150 ng/
mL. Salvage treatment with quinine sulfate and doxycycline
was carried out for seven days beginning on day 4, followed
by administration of primaquine, This regimen completely
resolved the infection.

Chloroquine-resistant P. vivax strains have been reported
from various areas®™? since its emergence in Papua. New
Guinea in 1989.% In the Republic of Korea, a large-scale
chemoprophylaxis campaign has been performed since 1997.
However, prophylaxis has consistently failed in many cases
despite attainment of sufficiently high plasma concentrations
of HCQ. Moreover, the length of time required for the elimi-
nation of P, vivax from patients’ blood by HCQ treatment has
increased in the current decade.!

Hydroxychloroquine has been reported to be as active as CQ
against malania parasites,'*!¢ and 400 mg of HCQ is the molar
equivalent of 309.6 mg of HCQ base and 295.0 mg of CQ base.
Therefore, a CQ concentration of 10 ng/mL in plasma, which is
the minimum effective concentration against CQ-susceptible
P vivax, is equivalent to an HCQ concentration of 10.5 ng/mL
of plasra. In this study, treatment with 2,000 mg of HCQ over
a three-day period was not effective in 2 (0.4%) of 484 patients.
For these two patients, plasma concentrations of HCQ 24 hours
after completion of HCQ treatments were much higher than
the minimum effective concentration of CQ against £, vivax."”
For the 482 patients with successful therapeutic outcomes, the
mean and the standard deviation of plasma concentrations
of HCQ 24 hours after completion of HCQ treatments were
220 ng/mL and 121 ng/mL, respectively, which were in not dis-
tinct from the two patients in whom HCQ treatment failed.
This indicates that HCQ was absorbed and metabolized nor-
mally in the two patients, precluding the possibility that the
treatment failure was caused by personal factors. In the two
patients, parasitemias were reduced markedly, but not cleared,
by HCQ administration. Patient A was cured by additional
administration of HCQ; this success may have been the result
of the infecting P vivax being exposed 1o an increased trough
concentration of HCQ for an extended period because of the
cumulative dosage.

The present observations are the first report of CQ-resistant
P, vivax from a temperate region of Asia. Surveillance activity
should be strengthened to monitor the change of CQ suscepti-
bility of P vivax in the Republic of Korea.
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