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TRANSFUSION COMPLICATIONS

Demonstrable paras'itemia among Connecticut blood donors
with antibodies to Babesia microfti

David A. Leiby, Amy BS. Chung, Jennifer E. Gill, Raymond L. Houghton, David H. Persing,
' Stanley Badon, and Ritchard G. Cable

BACKGROUND: Reports of transfusion-transmitted
Babesia microfi have risen steadily during the past
several years, reflecting a concurrent increase in US
cases of human babesiosis. Although several studies
have measured B. microti antibodies in blood donors, little
is known about associated parasitemia and the inherent
risk of transmitting the parasite by transfusion.

STUDY DESIGN AND METHODS: Donations from
blood donors located in Babesiz-endemic and
nonendemic areas of Connecticut were tested for

B. microli antibodies from July through September.
Subsequently, an additional blood sample was collected
from selected seropositive donors and tested by nested
polymearase chain reaction (PCR) for B. microti nucleic
acids. .

RESULTS: A total of 3490 donations, 1745 each from
endemic and nonendemic areas, were tested for

B. microfi antibodies; 30 (0.9%) were confirmed as
positive and seroprevalence rates peaked in July.
Significantly more seropositive donations were from
endemic areas (24, 1.4%) than nonendemic areas (6,
0.3%). Ten (53%) of 19 seropositive donors subsequently
tested by PCR were positive.

CONCLUSION: B. microti seroprevalence was highest
in those areas of Connecticut where the parasite is
endemic. More than half of seroposilive donors tested
had demonstrable parasitemia, indicating that many are
at risk for transmitting B. microti by blood transfusion.
Three donors were identified as parasitemic in October,
suggesting that donors may be at risk for transmitting the
parasite outside of the peak period of community-
acquired infection.
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or the past several years, blood safety concerns

in the United States have focused primarily on a

series of newly ermerging agents and diseases.! In

the late 1990s, a variant form of Creutzfeldt-Jakob
disease was described in humans that appeais now to be
transmissible by transfusion. Thereafter, the first US case
of West Nile virus appeared in humsdns during 1999 fol-
lowed closely in 2002 by reports of 23 transfusion cases
involving this agent. As demonstrated by the emergence
of severe acute respiratory syndrome (SARS) in 2003, each
new emerging agent is assessed for potential transmission
by blood transfusion. Unfortunately, the ongoing preoc-
cupation with newly emerging agents has allowed previ-
ously described agents, some of which pose significant
blood safety threats, to be overshadowed. Among these
agents is the intraerythrocytic protozoan parasite Babesiz
microti, the primary agent of human babesiosis in the
United States.

B. microti is endemic to the northeastern and upper
midwestern United States where it is transmitted naturally
by exposure to black-legged ticks (Ixodes scapularis)
infected with this parasite. Since the first US case of babe-
siosis was described in 1966,2 hundreds of human cases

ABBREVIATIONS: JFA = indirect immunofluorescent antibody;
PBST = phosphate-buffered saline containing 0.1 percent Tween
20; RT = room temperature.
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rinsed in distiled water, and air-dried. Samples were
examined by fluorescence microscopy at 400x magnifica-
tion. Positive samples were titered to endpoint. Appropri-
ate negative and positive controls,.as desciibed above,
were included as part of all IFA testing.

Detection of B. microti DNA through PCR

A portion of seropositive donors provided a subsequent
whole-blood sample for analysis by PCR. All donars with
IFA titers > 1:256 and approximately 75 and 50 percent of
randomly selected donors with titers of 1:128 and 1:64,
respectively, were selected for PCR analysis. Briefly,
donors selected were contacted via letter and notified of
their initial test results indicating the presence of antibod-
ies to B. microti. Donors received information regarding
an expanded study investigating the relationship between
antibodies to B. microti and the potential presence of the
parasite and were invited to participate. Informed consent
was obtained from all donors agreeing to participate, as
well as, four 7 mL ethylenediaminetetraacetate tubes to be
used for serologic testing and PCR analysis. Test results
were reported to participants via letter. All PCR-positive
donors were considered B. microti-infected, contacted
for counseling, asked to complete a brief questionnaire
regarding risk factors for babesiosis, referred to their phy-
sician for evaluation and possible treatment, and indefi-
nitely deferred from future American Red Cross blood and
tissue donations. Later, based on the resulis in this article,
all donors seropositive by IFA for B. microti were deferred.

All blood samples were analyzed with a nested PCR
protocol, modified from the original, designed to amplify
the 188 ribosomal RNA gene of B. microti."! Parasite DNA
was extracted from whole blood with a DNA blood kit
{QlAamp DNA blood mini kit, Qiagen, Inc., Valencia, CA)
as per the manufacturer’s instructions and resuspended in
200 uL final volume. The initial PCR was performed by
adding 10 pL of extracted DNA to 40 pL of PCR master mix
containing 12.5 pmol per pL of primers Babl (5°-CTTAG
TATAAGCTTTTATACAGC-3") and Bab4 (5-ATAGGTCA
GAAACTTGAATGATACA-3"), 1.25 U of AmpliTaq Gold Tag
polymerase, GeneAmp 10x BufferI (10 mmol/L Tiis,
pH8.3, 15mmol/L MgCl, 50mmol/L KCl, and
0.001 percent gelatin), GeneAmp dNTP blend (250 pmol/
L eaclg dNTP; all from Perkin-Elmer), and sterile water. An
additional 1 mol per L MgCl, (Sigma-Aldrich Corp.) was
added to a final concentration of 2.5 mmol per L. Ampli-
" fication was performed in a thermal cycler {GeneAmp
9700, Applied Biosystems, Foster City, CA) with the follow-
ing settings: 95°C for 15 minutes, 35 cycles of 94°C for
30 seconds, 60°C for 30 seconds, 72°C for 1.5 minutes, and
then final extension at 72°C for 10 minutes. The nested
PCR was performed with 5L of the initial Babl-Bab4
amplification product (238 bp) diluted 1:10, 45 pL of PCR
master mix (described above) containing 5 pmo! per puL
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primers Bab2 (5-GTTATAGTTTATTTGATGTICGTTTI-3)
and Bab3 (5-AAGCCATGCGATTCGCTAAT-3", and sterile
water for a total reaction volume of 50 pL. No additional
MgClL, was added. The amplification settings were the
same as described above; however, the annealing temper-
ature was 55°C. The 155-bp products were visualized on a
2 percent agarose gel stained with ethidium bromide in 1x
TAE buffer (Invitrogen Corp., Carlsbad, CA). Appropriate
positive controls (again provided by PJ. Krause), negative
controls, and extractions controls were inchuded.

Statistical analyses )

Statistical analyses were performed when appropriate
with the chi-square test. A p value of less than 0.05 was
considered significant in all cases,

RESULTS

Seroprevalence scfeening

From July through September 1399, a total of 3490 blood
donations from Babesig-endemic {n=1745) and nonen-
demic {n = 1745) areas of Connecticut were tested for anti-
bodies to B. microti. Two-hundred and three (5.8%) were
positive by BIA, and when tested by the supplemental IEA,
30 (0.9%) were confirmed positive (Tablel). When
endemic and nonendemic areas were compared, there
was no significant difference (¥* =3.5; p =0.06) in the ini-
tial reactive rates as determined by EIA, but when those
samples positive by EIA were tested by the supplemental
[FA, a significantly greater number of donations (y*=9.7;
p <0.002) from the endemic area (1.4%) were confirmed
as positive compared to the nonendemic area (0.3%). The
geographic distribution of seropositive denors (based on
residence) in the endemic and nonendemic areas of Con-
necticut is detailed in Fig. 1.

The initial reactive rates for the combined Babesia-
endemic and nonendemic areas were similar each month
when measured by EIA (Fig. 2). When the monthly rates
for endemic and nonendemic areas were compared, how-
ever, different trends were observed. For endemic areas,
the ElA-reactive rate dropped from a high of 8.2 percent
in July to 5.0 percent in September. In contrast, the non-

TABLE 1. Serologic testing of hlood donors from
endemic and nonendemic areas of Connectlcut for
antibodies to B. microti

Area Number  ElA-positive (%)  IFA-positive (%)
Endemic 1745 115 (8.5) 24 (1.4)
Nonzsndemic 1745 BB (5.0) 6 (0.3)
Totals . 3490 203 (5.8) 20 (0.9)

* Beroprevalenca in the endemic region was significantly greater
than that of the nonendemic region (32 = 9.7; p = 0.002).




BENE2005-043

LEIBY ET AL.

. dramatically influenced by geographic
TABLE 2. Results of subsequent serologic and parasitemia testing of location with significantly more con-
seropositive blood donors with nested PCR firmed positive donors identified in

Initial 1FA Subsequent Days betwaen . . .
Sample Region fiter iFA titer draws PCR result Babesia-endemic versus nonend-ermc.
3 Endamic 1512 1512 28 Positive areas. The defined areas of B. microti
Nonendemic ~ 1:256 <1:64 29 Fositive endemicity are continually expanding,®

3 Enderric 1:84 <1:64 28 Nopaiive however, and thus may now enco
4 Endemic 1:512 1:256 32 Negafive - &y eucompass
5 Endemic 1:512 1:512 18 Pogitive areas previously designated as nonen-
8 Endemic 1:256 1:128 35 Positive demic. Alternatively, residents of non-
7 Endemic 1:256 <1:64 30 Positive endemic areas can acauire i :

8 Endemic 1+1024 1:1024 34 Positive emic areas can acquire infections
a Endemic 1:512 1:256 og Nega‘ive dl.lrmg visits to BabESla'endemlc areas.
10 Nonendemic 1:512 1:512 29 Negative This scenario led to the only case
11 Endemic 1:1024 1:1024 33 Negative of transfusion-transmitted B. microti
12 Endemic 1:64 1:84 29 Negative . 22 @it d .mzcrotz
13 Endemic 1-955 1:64 ‘34 Negative reported in Canada.” Similarly, infected
14 Endemic 1:2048 1:1024 29 Negative donors from a Babesiaz-endemic area
15 Endemic 1:4086 1:512 32 Negative mav donate bl inan n .

16 Endemic 1:512 1:512 17 Positive Y. cod earby nonen
17 Endemic 1:256 1:556 32 Positive demic area as part of a local or work-
18 Nonendemic 1:512 1:512 30 Posilive related blood drive. Although the
19 Endemic 1:512 1:512 53 Positive defined areas of Babesia spp. endemic-
ity are expanding in some paris of the

ulation, which serves as the main host for adult
I scapularis ticks, has increased in part owing to a lack of
predators, but also owing to the reforestation of agricul-
tural land and suburban neighborhoods that provide
suitable habitat. Concurrently, humans have increased
outdoor recreational activities and built homes that place
them in close proximity to tick populations.” These inter-
actions with ticks have led to a dramatic rise in reports of
tick-borne diseases throughout the northeast, especially
Lyme disease, babesiosis, and ehrlichiosis."** Although
the increase in cases of Lyme disease is well documented,
the steady increase in cases of babesiosis due to infections
with B. microti has gone largely unnoticed. Previous stud-
ies have identified blood donors with antibodies to
B. microti and this study indicates that many are also
demonstrably parasitemic. Indeed, the high percentage
(53%) of donors with demonstrable parasitemia mirrors
the high numbers of transfusion cases reported in recent
years. These observations suggest that blood donors
seropositive for B. microfi may pose a greater risk for
blood safety than once thought.

Previously, we reported seroprevalence rates for
B. mieroti in Connecticut blood donors to range from 0.3
to 0.6 percent.’”® These samples, however, were collected
primarily during late fall and winter (i.e., October to
March) when tick exposure is at a minimum and new
infections are unlikely to be acquired. This study clearly
demonstrates the influence of seasonality on overall sero-
prevalence rates becanse the rate of confirmed IFA posi-
tives peaked in July (1.2%), rapidly declining thereafter to
0.3 percent in September. Perhaps peak seroprevalence
actually occurred earlier than July, but further studies
bracketing the entire tick season would be needed to more
precisely define this period. Seroprevalence rates are also
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United States, the parasite has not been
identified in many states or regions. Therefore, selective
geographic testing has been suggested as a possible inter-
vention, but this paradigm has not been commonly used
in operational blood banking,

As already noted, in addition to measurable antibody
titers, & majority of seropositive donors identified in this
study were also shown to be parasitemic based on PCR.
The presence of parasite DNA is thought to be indicative
of an active infection, because free DNA or dead parasites
would be cleared rapidly from the peripheral blood.? It is
unclear, however, how long our donors were demonstra-
bly parasitemic, because only a single sample was tested
by PCR. Of the three donors whose samples were drawn
for PCR testing during October, all three were identified as
PCR-positive, suggesting that parasiternid in some cases is
persistent, occurring outside of the reported period dur-
ing which tick-borne diseases are primarily transmitted.
Indeed, past studies have suggested that Babesia infec-
tions may recrudesce after long periods of silence (i.e., 26
months),” but the possibility of reinfection must also be
considered, particulatly in Babesia-endemic areas. Persis-
tent, perhaps year-round, infections suggest that pro-
posed donor management policies that avoid collection of
blood in endemic areas during the sumomer months when
transmission is thought to be at its peak would be par-
tially, though not completely effective. As stated above, it
is not onty difficult to define the peak transmission period,
but ongoing persisient infections suggest that many
donors may be at risk for transmitting B. microti through-
out the year? Thus, these observations stuggest that sea-
sonally based collection criteria, much like reported
geographic areas of agent endemicity, only partially
reduce the risk of transmission, while producing detri-
mental effects on blood availability.
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Slow Clearance of Human Parvovirus
B19 Viremia following Acute Infection

Anna Lindblom,' Adiba Isz,' Oscar Norbeck,' Susanne Wolf,2
Bo Johansson,® Kristina Broliden, and Thomas Telfverstam'

‘Departmemt of Medicing, Infectious Disease Unit Cemer for Moleculas
Medicine, and “Departmant of Laboratory Metiting, Oivision of Clinscal
Virology, Karolinska Institwtes, Karolinska University Hospital,
Stockhalm, Sweden

Parvovirus B19 is a common, clinically significant patho-
gen. Reassessment of the viral kinetics after acute infection
showed that the virus is not rapidly cleared from healthy
hosts, dﬁi_te early resolution of swnptoris‘.j\"il;hese findings
challenge our current conception of the virus’ pathogenesis
and have impli:@ons for the management of the infection.

Human parvovires BI9 (B19) is ubiquitous throughout the
world and causes a variety of symptoms, ranging from mild
febrile fHness to life-threatening anemia and fetal death. The
infection is primarily thought to be controlled by humoral
immune responses, because peripheral viremid decreases con-
current with the development of \;irus-speciﬁc antibodies,rélnd
the virus has been shown 19 be cleared in healthy hosts weeks
to months after infectior/établishmem of persistent infection
is well characterized in immunocompromised individuals, pri-
marily in association with congenital, iatrogenic, or infectious
causes. However, cases of immunocompetent, symptomatic in-
dividuals with detectable BIS DNA in bone marrow and pe-
ripheral blood specimens for long periods of time have also
been described |1, 2). Recently, investigations of the cellular
immune responses ta B19 have shown a surprisingly large pool
of circulating B19-specific CD8" T lymphocytes remaining for
>2 years after infection, with maintained effector function in
healthy subjects |3). Because this would indicate that vira) an-
tigen is present for a much longer time than has pE\TiSley'
been shown, we reassessed the viral kinetics after primary B19
infection with a newly developed real-time quantitative PCR._}1
Materials and methods,  Five individuals were identified
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prospectively after their serum samples had been referred to
the clinical virology laboratory at the Karolin_&@_‘pniversir}r
Hospital and were found 10 be positive for B19 leM, The pa-
tients had presented their general practitioners with symptoms
of fever, arthralgia, fatigue, and rash. None of the patients had
received immunosuppressive treatment or had showed clinical
symptoms of any other underlying chronic infection. Further-
more, they di_d' not have any medical hisiory of increased fre-
quency of reactivation of latent herpes virus infection, recurrent
respiratory infection, or mucocutaneous infection and did not
recall having previous episodes of symptonis that resembled
those of B19 infection. During the subsequent 12§ weeks after
inclusion of the first individual in the study, samples of se-
rum and PBMCs were collected at intervals from all individ-
uals, together with medical history and data regarding clinical
symptoms. In addition, 15 B19 1gG~pasitive and 1gM-negative
healthy laboratory workers who did not recollect having par-
vovirus-related symptoms were incuded as control subjects.
Serum samples were analyzed for B)9 1gG and IgM using a
commercial E[A (Biotrin International). For assessment of B19
DNA levels, a novel, parvovirus genotype 1-3—specific TagMan
real-time PCR assay was developed. In brief, 200 pL of serum
was extracted with use of an automated MagnaPure extractor
(Roche Diagnostics) using the LC Total Nucleic Acid Isolation
Kit (Roche). The assay was performed in a ABI 7700 sequence
detection system (Applied Biosystems) in a 50-uL reaction mix-
ture containing 25 pl of TagMan Universal PCR Master Mix
(Applied Biosystems), 5 uL of template DNA, 3 umol/L of each
primer, and 1.5 umol/L probe for 40 cycles consisting of 15 s
a1 95°C and 20 5 at 60°C. The following primers were used in
the amplification: sense, 5-ACAAGCCTGGGCAAGTTAGC-3,
and antisense, 5~GGCCCAGCTTGTAGCTCATT-3, positioned
at B19 genomic nucleotide positions §54-873 and 910-928,
respectively (numbers refer 1o GenBank AY083239). Detection
was provided by an FAM-TAMRA-labeled probe (Applied Bio-
systems) with the sequence 5-CAACTACCCGGTACTAACT-
ATGTTGGGCCTGG-3' at B19 genomic nucleotide positions
§77-908. A B19 viremic plasma, determined to contain 1.4 X
10" genome equivalents (geq)/mL, lot BPLS {kindly provided
by Dr. Kerr, Biotrin International), was used as standard. The
sensitivity of the assay was 2 gegfreaction, as determined %%
repeated festing af seriat dilutions of the BPLY standard. Neg-

ative controls were extracted and analvzed between every 5
patient samples throughout the procedure. Extraction, propa-
ration of the master mix, and template and standard addiion
were performed in separate laboratories. Samples that had pos-
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itive results of quantitative PCR were partially sequenced to
assess virel genotype using a separate assay. Outer primers in
this assay were as follows: sense, 5-GTGGTGAAAGCTCTGAA-
GAACTCA- 3, and antisense 5-GCCCAGGCTTGTGTAAGT-
CTTC- 3, at B19 genomic nucleotide positions 37-60 and 824~
865, respectively. The inner primers were as follows: sense,
S-CGGGACCAGTTCAGGAGAATCA-Y, and antisense, -
GGGGTGGTCAGATAACTGTCCATG-3', at B19 genomic nu-
cleotide positions 137-158 and 757-780, respectively (numbers
refer to GenBank AY083237). Amplification was performed in

a volume of 30 L in 1X buffer Il (Applied Biosystems) and

25 mmol/L MgCl and 10 pmol/L primer at an annealing tem-
perature of 55°C and for 40 cycles. The amplified product was
sequenced using the Big Dye Termination Kit (Applied Bio-
systems) in an ABI 3100 sequencer (Applied Biosystems).

CD4" and CD8" T lymphocyte counts were determined by
direct staining of PBMCs isolated by Ficoll-Paque {Amersh
arn Biosciences) by fluorochrome-labelled monoclonal anti-
bodies (BD), and subsequent analysis was performed by flug-
rescence-activated cell sorting (FACS). lFN—-y‘responses to
phytohemagglutinin (Sigma-Aldrich) were assessed by en-
zvme-linked immunospot (ELISpot), which was performed
as described elsewhere [4], using nitrocellulose plates (Mil-
lipore) and IFN-v antibody (Mabtech AB). Approval for the
study was obtained from the local ethics committee at the
Karolinsks University Hospital (Stockholm, Sweden).

Results. Serum and PBMC samples were obtained from
patients for the first time 5 days {at the earliest) to 10 days (at
the latest) after the onset of symptoms. FACS analysis revealed
normal distribution of CD4™* and CD8* T lymphocytes, as weli
as pormal IFN-y response 1o phytohemagglutinin in PBMCs
obtained from all patients (data not shown). Symptoms present
in all patients were arthralgia and erythematic eruptions, Ad-
ditional symptoms, such as fever, malaise, pronounced myalgia,
and peripheral edema, were present in some patients. All pa-
tients reported cessation of acure clinical symptoms (i.e., fever,
exarithems, myalgia, and peripheral edema) 46 weeks after the
onset of disease. The patient group was observed for 2 mean
duration of 105 weeks (range, 77~128 weeks).

At the first point at which samples were obtained, serum
samples contained a mean of 1.2%X ¥ B15 geg/ml serum
frange, 1.7 X 10°—4.1 X 107 geq/mL) {fgure 1} and all isolates
were shown 1o cluster in genotype 1 (B19) |5]. At that point,
alt patients tested positive for both B19 IgM and 1gG. The viral
load peaked a1 the time that the fivst sample was obtained or
earlicr, after which the virus levels stabilized in the range 109
10° seg/ml. Patient 3 exhibited an increase in viral load after
week 80, but no epidemiological or clinical information cor-
related with this ohservation. During the study period, only
patient (patient 1) had clearance of the peripheral viremia (in
1he interval between weeks 85 and 106Y. All ather patiems had

—&— P1, female, age 50

1084 —i— P2, female, age 32

107; —— P3, iemzle, age 34
. h —— P4, female, age 40
;33 r ‘IOEE —— P5, female, age 40
<E .
é g‘io .
s 104+

103+

10—

iﬂ_‘_'jllrjf_llafl'.—l

B19 IgG level,
U/mL

1 1 T T v T O O + I Ll A T 1 LA |
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Figure 1. Kinetics of human parvovires 819 {B19) DNA and antibody
responses against B1% in serum after acute infection in patients 1-5 (P1-
F5. respertively), The lower panel shows the last time point at which each
patieni tested positive for serum IgM. Arows indicate negative sample
1ime points for patient 1. The figure refers to the number of wesks afier
the first sample was 1aken.

persistently detectable B19 DNA levels during the entire follow-
up period, whereas all control subjects were found to be B19
DNA negative {data not shown). B19 1gM was detected for 5-
17 weeks in all patients, except for patient 2, in whom B19
1gM was detectable for 51 weeks.

We assessed the kinetics of acute B19 infection
by quantitative PCR in 3 immunocompetent individuals who
presented with classic syrnptoms of parvoviral infection, The
average initia) virus Jevel was in line wirth what was earlier
published [6], A rapid decrease in the viral load was observed
to be i“)ﬁid' to the development of 131_9_1"5} and coincidental
with resolution of acute clinjcal symptoms, @WM B1%
1gM cleared in all patients, except for patient 2, whe continued
10 have positive results for 90 weeks; this conld have been the
result of cross-reacting antibodies. Deteciable DNA levels were
maintained afier development of B19 1gG and svmptom res-

Discussion.

olution n ail patients. Only 1 patient had clearance of periph-
eral viremia during the study period. 1f we assume that these
5 individuals are representative of the general population, we
can conclude that B19 exhibits delaved clearance afier acuie
infection. Similarly, BI9 DRA has been detected n specimens
of skin, synovia, and 1estis abtained tfrom healthy leG-positive
individuatls |7]. In contrast, do-blot and nested-PCR assays
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have shown that peripheral viremia clears weeks 10 months
after acute infection [8, 9). No comparable, quantitative data
are available, because previous studies have described patients
with long-term syrnpioms, documented persistent infections,
and severe presentations when the immune status was not char-
acterized [10-12]. Recent investigations of the cellular immune
responses against Bi9 have revealed that these responses in-
crease during the first vear afrer infection, despite resolution
of clinical symptoms {3].

B19-specific CD8" T cells were shown to possess strong ef-
fector function and proliferative capacity and to maintain an
activsted CDD38" phenotype, with sirong expression of perforin
and CD57 and down-regulation of CD28 and CD27. The likely
explanation for these observations, which supports the present
findings, is low-level antigen persistence. The facts that none
of the healthy control subjects included in this study had any
detectable B19 DNA in serum samples and that the smaller
populations of antigen-specific CD8" T cells detected in indi-
viduals who had been infected in the past indicate that the virus
is eventually cleared from peripheral blood |13].

The emerging evidence that B19 exhibits slower clearance of
peripheral viremnia afier acute infection than previously thought
challenges our current understanding of the virus pathogenesis
and suggests a new entity of viral persistence. Furthermore, this
evidence has practical implications on the means of diagnosing
B19 infection, the means of preventing nosocomial transmis-
sion of infection, and vaccine development—arezs of research
that are all currentdy evolving. Additional studies that use novel
and sensitive techniques are warranted to elucidate the rela-
tionship between B19 and the host, to readdress the same ques-
tions asked when the pathogen was discovered >23 years ago.
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