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Abstract

BACKGROUND—Babesia infection is caused by intraerythrocytic tickborne parasites. Cases of
transfusion-transmitted babesiosis have been increasingly recognized. To date, no Babesia test has
been licensed for screening US blood donors. We conducted a longitudinal study to assess the
course and markers of Babesia infection among seropositive donors identified in a seroprevalence
study.

STUDY DESIGN AND METHODS—Eligible donors had B. microti indirect fluorescent
antibody (IFA) titers =1:64. Enrollees were monitored up to 3 years, by IFA and three methods for
evidence of parasitemia: B. microti nested PCR analysis (at two laboratories), hamster inoculation,
and blood-smear examination.

RESULTS—Among 115 eligible donors, 84 (73%) enrolled. Eighteen enrollees (21%) had
evidence of parasitemia for 30 total specimens (17% of 181), which were collected in 9 different
months and tested positive by various approaches: PCR (25 specimens/16 persons), hamster
inoculation (13 specimens/8 persons), and blood smear (1 specimen positive by all three
approaches). Overall, 14 persons had =1 specimen with positive PCR results at both laboratories
(12 persons) and/or had parasitologically confirmed infection (8 persons). Three of nine persons
who had >1 specimen with evidence of parasitemia had nonconsecutive positives. Several
enrollees likely had been infected =1 year when their last positive specimen was collected. The
final three specimens for seven persons tested negative by all study methods, including IFA.

CONCLUSION—Seropositive blood donors can have protracted low-level parasitemia that is
variably and intermittently detected by parasitologic and molecular methods. Donor-screening
algorithms should include serologic testing and not solely rely on molecular testing.
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INTRODUCTION

Human babesiosis is caused by intraerythrocytic protozoan parasites, which are tickborne in
nature but also are transmissible via blood transfusion.1-11 Most of the documented US
cases of babesiosis have been caused by Babesia microti, which is transmitted by Ixodes
scapularis ticks in the Northeast and upper Midwest, primarily during the spring and
summer.1=3 B. microti infection can range from asymptomatic to severe. Persons, such as
transfusion recipients, who are asplenic, elderly, premature, or immunocompromised are at
increased risk for clinically manifest and life-threatening infection.

More than 160 US cases of transfusion-transmitted babesiosis (TTB) have been identified
during the 3 decades since the first described TTB case in 1979,12 most (>75%) of which
occurred during the last decade.! To date, no Babesia test has been licensed by the US Food
and Drug Administration (FDA) for screening blood donors4-6: donor-screening
algorithms do not routinely include testing for evidence of Babesia infection.! Although
donors routinely are asked if they have a “history of babesiosis,”” persons with
undiagnosed asymptomatic infection can fulfill all criteria for donating blood despite having
low levels of potentially transmissible bloodstream parasites, which can suffice to cause
infection in transfusion recipients.

Relatively few B. microti-infected persons have been monitored systematically for extended
periods,13-15 most of whom initially had symptomatic acute cases of babesiosis. We
assessed the course and laboratory markers of B. microti infection in settings relevant to
transfusion medicine by conducting a longitudinal study among seropositive blood donors,
who were evaluated up to 3 years, by serologic, parasitologic, and molecular methods as
well as structured questionnaires. Although the study was not designed to evaluate the
performance of particular methods as diagnostic or donor-screening assays, our findings
pertain to the development and implementation of donor-testing and management strategies.

MATERIALS AND METHODS

Study design and enrollment

Seropositive donors whose B. microti indirect fluorescent antibody (IFA) titer was =1:64 on
initial testing during May 2000 through April 2004 in a previously described seroprevalence
study16 were eligible to enroll in the longitudinal study, which began in June 2000; the last
study specimen was collected in July 2006. In the seroprevalence study, donors in
southeastern Connecticut (Middlesex and New London Counties) were targeted initially; the
catchment area gradually expanded within Connecticut, and donors in Massachusetts (Dukes
and Nantucket Counties) were added in 2003.
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The protocol for the longitudinal study was approved by the institutional review boards of
the American Red Cross (ARC) and the Centers for Disease Control and Prevention (CDC).
On enrollment, participants provided written informed consent and their first study
specimen, referred to as their enrollment specimen. Each study specimen comprised three
tubes of blood, which were collected by regional ARC staff and shipped at 4°C on wet ice to
the ARC’s Holland Laboratory (one serum-separator tube and one EDTA tube) and to CDC
(one EDTA tube). The specimens were tested by IFA (at the ARC) and by three methods for
evidence of parasitemia: two parasitologic methods (blood-smear examination and animal
inoculation at CDC) and one molecular method (nested PCR analysis at both laboratories).
In the data analyses, positive results by any of these three methods, at either laboratory,
constituted evidence of parasitemia. Unless otherwise specified, positive and tested positive
refer to evidence of parasitemia rather than to seropositivity. Participants who had positive
results were encouraged to share them with their physician and were given contact
information for a clinical babesiosis expert. Study subjects were asked to provide a
specimen every 2-3 months (monthly, if they had evidence of parasitemia) until they had
three consecutive specimens with negative results by all methods, including IFA, or 3 years
had elapsed.

Laboratory methods

The ARC conducted the serologic testing using a nonautomated IFA assay for
immunoglobulin G antibodies to B. microti antigens; IFA slides and reagents were
purchased from Focus Technologies, Inc. (Cypress, CA). If seroreactivity was noted at the
lowest dilution of serum tested (1:64), the specimen was defined as IFA positive (in
accordance with the manufacturer’s instructions and the protocol for the seroprevalence
study in which eligible subjects were identified) and was tested to endpoint in serial 2-fold
dilutions.1” Of note, the study was not designed to evaluate this particular IFA assay or cut-
off (1:64) for donor-testing purposes. Positive and negative controls were used. The same
positive control serum specimen was used throughout the study; when B. microti antigen
lots changed, the positive control was used to certify the new lot and was observed to
perform consistently. Because of the subjectivity inherent to determining the endpoint titer
in this nonautomated assay, only highly trained, designated staff conducted the testing. After
completion of the study, serial specimens from multiple subjects were retested in parallel, on
the same day.

CDC conducted the parasitologic testing: two thick and two thin Giemsa-stained blood
smears (10 pL per smear) were examined for Babesia parasites by light microscopy, under
oil immersion. In addition, two golden Syrian hamsters (Mesocricetus auratus) were
inoculated intraperitoneally with 1-mL aliquots of whole blood and were monitored weekly,
by examination of Giemsa-stained thin blood smears, until parasites were noted or 8 weeks
had elapsed. Hamsters are competent (amplifying) hosts of B. microti, which is not
cultivable in vitro. CDC’s Institutional Animal Care and Use Committee approved animal
experiments and procedures.

The ARC and CDC independently analyzed blood specimens by PCR, using primers
designed to amplify B. microti DNA from the 18S ribosomal RNA gene!® and a previously
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described 2-step nested PCR protocol.%16:17 Total DNA was extracted from 200 pL of
whole blood (i.e., a 5-fold lower volume than was inoculated into each hamster), by using
the QlAamp DNA Blood Mini Kit (Qiagen, Inc., Valencia, CA). An aliquot of extracted
DNA was amplified with primers Babl1 and Bab4, the product was amplified further with
internal primers Bab2 and Bab3, and the final product was visualized in a 2% agarose gel
stained with ethidium bromide. Positive, negative, and extraction controls were included.
DNA extraction, amplification, and electrophoretic analysis were conducted in physically
separate work areas; and other standard measures (e.g., irradiation with ultraviolet light)
were used to prevent contamination.

Questionnaires

Epidemiologic and clinical data were obtained via structured questionnaires. An extensive
“long” questionnaire, which focused on the previous 24 months, was included in the
enrollment packet and was completed on site or submitted later. It addressed demographic
factors, places of residence and travel, outdoor activities, tick exposures, and clinical data
(e.g., flu-like symptoms, anti-Babesia therapy, surgical splenectomy). Persons with tick
exposures were asked if the ticks were attached (difficult to pull off) and if they were small
versus large, in comparison with unlabeled photographs of I. scapularis versus Dermacentor
variabilis ticks, respectively; duration of attachment and tick engorgement were not
assessed. During all study visits, participants were asked to complete a “short”
questionnaire, which addressed interim activities, exposures, symptoms, and treatment.

Data analysis

Univariate analyses were conducted for descriptive purposes. Proportions were compared by
using the chi-square test or, if expected cell counts were <5, the Fisher’s exact test. The
Wilcoxon two-sample test was used to compare the ranked distributions of ordinal variables.
The serologic results obtained using a nonautomated IFA assay are provided/analyzed for
illustrative purposes, even though the absolute magnitude of the titers might not always be
reproducible or generalizable to other laboratories. In analyses of the distributions of the
serologic data, log, values were used, from 5 (for an IFA result of <1:64) to 10 (for a titer of
1:1024, the highest documented in the study). Statistical significance was defined as a 2-
tailed p value <0.05.

RESULTS

Eighty-four (73%) of 115 eligible B. microti—seropositive donors enrolled in the longitudinal
study. Demographic and serologic data for the 84 who enrolled and the 31 who declined to
participate were not significantly different (data not shown). The 84 enrollees had a median
age of 50 years and 54 (64%) were men. On enrollment, 60 persons (71%) still had an IFA
titer 21:64, whereas 24 (29%) were seronegative; the median interval between collection of
the initial and the enrollment specimens was 51 days (Table 1). In aggregate, the 84
enrollees provided 540 study specimens over a 6-year period.

Eighteen enrollees (21%)—referred to as subjects A though R (Fig. 1)—tested positive for
evidence of parasitemia, for a total of 30 specimens (17% of 181) (Table 1). The
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epidemiologic profiles of these 18 persons with evidence of parasitemia and the 66 enrollees
without demonstrable parasitemia were comparable in univariate analyses. However, in
aggregate, these 18 persons had higher IFA titers on initial testing and on enrollment (Table
1). The median IFA result for the 30 specimens that had evidence of parasitemia was 1:256
(range, <1:64 to 1:1024).

Serial laboratory data for these 18 enrollees are depicted in timelines (Fig. 1; see right
bottom for summary data). Their 30 positive specimens had evidence of parasitemia by
various permutations and combinations of methods and laboratories—i.e., by PCR analysis
at either laboratory (25 specimens), hamster inoculation (13 specimens), and blood-smear
examination (one specimen). In the study as a whole, including all 84 participants, the PCR
results were concordant for 521 (98%) of the 533 specimens that were tested by both
laboratories (Table 1 and Fig. 1). Of the 25 PCR-positive specimens, 12 (48%) had positive
results at only one laboratory: these 12 specimens, which account for the overall discordance
rate of 2%, were from nine persons, five of whom (A, D, E, H, and O) had other specimens
that tested positive by PCR at both laboratories or by hamster inoculation. Overall, 14 (of
18) persons had positive PCR results at both laboratories and/or had parasitologically
confirmed infection, four of whom (A, C, D, and P) also had positive lookback
investigations—i.e., a B. microti PCR-positive recipient of red blood cells (RBCs) they had
donated was identified.1”

Overall, nine of the 18 persons had >1 specimen with evidence of parasitemia: six persons
had consecutive positive specimens but not necessarily by the same methods or laboratories;
and three persons had positive results for nonconsecutive specimens. For example, subject P
had two nonconsecutive hamster-positive specimens. Of interest, he did not have
demonstrable parasitemia until his fourth study specimen (in April), even though all of his
specimens had IFA titers =1:512 and a lookback investigation of his blood donation the
previous July was positive; >1 year after that July donation, his second hamster-positive
specimen (his sixth study specimen) was collected (Fig. 1).

Six of the 18 persons reported receipt of anti-Babesia therapy, four of whom had
posttreatment positive PCR results, including subjects N and Q, who were treated
preenrollment, and subjects A and E, who were treated after they enrolled (Fig. 1). Subjects
N, A, and E are particularly illustrative. Subject N, the only asplenic participant, became
acutely ill, was hospitalized, and started a several-week course of anti-Babesia therapy 10
days after his initial IFA testing in August. His enrollment specimen in November, 56 days
posttreatment, had positive PCR results. Subjects A and E, who were 32 and 79 years old,
respectively, tested positive before and after they were treated. Subject A was treated
between the first and second of her three consecutive PCR-positive specimens, which were
collected in June, July, and September, 58 days posttreatment (Fig. 1). The fact that a
lookback investigation of her blood donation the previous December was positive suggests
that she had protracted infection: if she became infected during the preceding spring-or-
summer tick season, the interval from acquisition of infection to her last PCR-positive
specimen was >1 year. Subject E also likely had protracted infection. His enroliment
specimen in August had positive results by all modalities, including blood-smear
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examination (<1% of the RBCs were infected). He was treated in September and was
retreated 7 months later, after PCR positivity was noted again in March.

Subject O, who did not have positive PCR results after treatment, also is noteworthy (Fig.
1): she had four consecutive specimens with evidence of parasitemia; all four tested positive
by hamster inoculation, but the PCR results varied; the first two hamster-positive specimens
were collected during winter months, in January and March; the other two were from June
and July, approximately 1 year after the preceding tick season; and she was seropositive
throughout the 3-year period from her preenroliment specimen to her final study specimen
(IFA titer, 1:512), which was collected 2 years posttreatment.

Overall, at least three persons (A, O, and P)—two of whom (A and P) had positive lookback
investigations—Ilikely had been infected for approximately 1 year or longer when their last
specimen with evidence of parasitemia was collected, which tested positive by hamster
inoculation or by PCR at both laboratories (i.e., the probability of true-positive results was
high). None of the 18 subjects had evidence of parasitemia when last tested; only three (A,
P, and Q) withdrew before fulfilling study criteria (Fig. 1). Seven subjects were released
after <3 years of monitoring because they had had three consecutive specimens that tested
negative by all study methods, including IFA.

Among the remaining eight persons, who were seropositive when last tested but were
released because they had been monitored for 3 years, five subjects—C, G, K, M, and
R—had a final IFA titer of 1:64 or 1:128. In supplemental testing, serial specimens from
subjects C, G, and R were retested by IFA, in parallel, on the same day. Upon retesting, the
IFA results typically were the same as those shown in Fig. 1 or differed by only one (2-fold)
dilution: subject G’s last four specimens had negative IFA results; subject R’s titers
gradually decreased, without fluctuations (final titer, 1:64); and subject C’s titers still
fluctuated. The other three subjects (E, J, and O) who were released after having been
monitored for 3 years had a final titer of 1:512, despite having been treated and monitored
for at least 2 years posttherapy. If subject P (who did not report receipt of treatment) is
counted, a total of four persons (22% of 18) had a titer of 1:512 when last tested. Of interest,
one of the 66 participants who never had demonstrable parasitemia had prolonged high-level
seropositivity: the IFA titer was 1:1024 for all 11 specimens he provided over a 2-year
period (data not shown).

DISCUSSION

We assessed the course and laboratory markers of B. microti infection in settings relevant to
transfusion medicine by conducting a multi-year longitudinal study among prospectively
identified seropositive donors in Babesia-endemic areas. The strengths of the study included
the collection of serial specimens, the use of parasitologic as well as molecular amplification
techniques, the independent performance of PCR analysis at two laboratories, and the
availability of epidemiologic and clinical context. Because of the internal controls inherent
to the study design, we were able to identify discordant or inconsistent laboratory results. In
the data analyses, we focused on the 18 enrollees who ever tested positive for evidence of
parasitemia—particularly, the 14 persons who had positive PCR results at both laboratories
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and/or had parasitologically confirmed infection (i.e., strong evidence of active infection),
four of whom also had positive lookback investigations. None of our conclusions are
dependent on data from persons who tested positive only by PCR at one laboratory or who
never had evidence of parasitemia, and the study was not designed to determine the
proportion of seropositive persons who had demonstrable parasitemia.

The aggregate longitudinal data underscore that persons who fulfill the eligibility criteria for
donating blood can have protracted low-level parasitemia that is variably and intermittently
detected by parasitologic and molecular amplification techniques. Regardless of the analytic
sensitivity of the method used, the results will be negative if the target parasite/DNA is not
present in the aliquots tested, which typically are several orders of magnitude smaller than
the volumes transfused to adults.> When this study was initiated, B. microti 2-step nested
PCR analysis was considered state of the art. Although using real-time PCR and/or
increasing the starting volume (e.g., for extracting/targeting DNA) could improve detection
of low parasite densities, the discrepancy between the volumes tested versus transfused
would remain a fundamental limitation. In the blood-donor setting, negative PCR results—
even for optimally collected, processed, and tested specimens—would not exclude Babesia
infection or infectivity. The PCR positivity rates, as determined by nucleic acid testing, for
donors infected with viral pathogens such as hepatitis B virus that are associated with
relatively high viremias are not applicable to B. microti. In general, with the exception of the
window period, which was not addressed by this study, seropositivity is a more sensitive
marker than PCR of B. microti infection, although it does not reliably distinguish between
active and resolved infection.

Our findings also highlight distinctions between patient and donor settings (i.e., between
clinical and transfusion medicine). Patients with acute symptomatic babesiosis typically
have patent parasitemia, detectable by careful blood-smear examination.1:3 In contrast,
Babesia-infected persons who meet the criteria for donating blood by definition “feel well”
and usually have subpatent (smear-negative) parasitemia, which may or may not be detected
by methods that amplify parasites/DNA, even though the transfused inoculum may suffice to
cause patent parasitemia in a susceptible recipient.2:19 Only one enrollee in our study, an
elderly man (subject E), was documented to have a smear-positive specimen, which, as
expected, also tested positive by PCR, at both laboratories, and by hamster inoculation.
However, PCR and in vivo positivity rates for persons with positive blood smears are not
generalizable to donors with subpatent parasitemia.

In a previously described study,19 hamsters reliably developed patent parasitemia if the
intraperitoneal inoculum was at least 300 B. microti parasites; approximately one-third of
hamsters became infected if the inoculum was as low as 30 parasites. In our study, more
persons/specimens tested positive by PCR than by hamster inoculation but not necessarily in
both laboratories or for consecutive specimens; and some had positive results only by the in
vivo method, either by chance or because a larger volume of blood was tested. The potential
role of chance detection is underscored by the higher concordance rate by person than by
specimen (e.g., as exemplified by subject A; Fig. 1). Variable detection of parasites/
DNA—in aliquots of specimens collected at the same time and in serial specimens—should
not be surprising in the context of low-level parasite densities that approximate a Poisson
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probability distribution. Especially for the 14 persons who were the focus of the analyses,
false-positive PCR results were unlikely, although they cannot be excluded for some
specimens. Although we did not use quantitative methods, the persons/specimens with
positive results by both methods/laboratories likely had higher parasite densities than those
with discordant or inconsistent results.

The overall number of persons who still were infected when they enrolled in the longitudinal
study is not known, nor is the true duration of infection among the subset of enrollees who
tested positive for evidence of parasitemia. However, the aggregate longitudinal data affirm
the potential for otherwise healthy persons to have protracted parasitemia.1-9:10.20-23 None
of the study subjects had evidence of parasitemia when last tested, but several still had
comparatively high-level seroreactivity. Potential explanations include persistent infection,
with very low densities of residual or sequestered parasites not detected by the amplification
methods we used?4; reexposure/reinfection; or other antigenic stimuli.

The increasing recognition of US cases of TTB? has strengthened the impetus to develop,
evaluate, and implement strategies to reduce the risk for transmission.14-6:25-27 Qyr
findings support the concept of year-round donor testing: the study specimens that had
evidence of parasitemia were collected during 9 different months of the year (even if only
hamster-positive specimens are included), which is consistent with the presence of
protracted parasitemia in some donors and with the year-round occurrence of cases of TTB.1
Almost all of the identified cases of TTB cases have been linked to RBC transfusions, which
have included components that had been leukoreduced, irradiated, or cryopreserved.! The
identified cases linked to whole-blood derived platelets'-12.17 presumably were caused by
residual RBCs that were infected with B. microti or by the presence of extracellular forms of
the parasite.128

The FDA's Blood Products Advisory Committee that was convened in July 2010 supported
the concept of regional (vs. other selective or universal) donor testing for evidence of
Babesia infection?%; the details of where to test (in which areas) and how to do so (with
what types of approaches and which particular assays/protocols) have not yet been resolved.
Our data underscore that donor-screening algorithms should include serologic testing and
should not rely solely on molecular testing; indeed, both serologic and molecular testing
have been conducted in the donor screening performed to date in selected areas under FDA-
approved investigational protocols. To minimize the loss of uninfected donors (while
maximizing the detection of infected donors), the definition of a seropositive result for the
pertinent assay(s) should be evaluated and candidate reentry algorithms could be
investigated; because negative PCR results do not exclude ongoing infection, negative
seroconversion, with consistently negative serologic results thereafter (for an as-of-yet
unspecified period), also would be needed. Although our study was not designed to evaluate
the particulars of potential donor-screening tests or management strategies, multiple
participants who had been seropositive and had evidence of parasitemia ultimately had three
consecutive specimens that tested negative by all of our study methods/definitions (Fig. 1).

Donor-screening tests targeted at B. microti have the highest near-term priority. However,
infection with other species, such as B. duncani, which has caused three documented cases
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TTB,22:23.29 s not detected by the available serologic or molecular tests for B. microti.!

For the longer-term future, the ideal screening test would be a high-throughput, highly
sensitive and specific marker of active Babesia infection, regardless of the species. Pathogen
reduction constitutes an alternative or supplemental mitigation strategy; techniques for

ce

llular components have not yet been approved for use in the United States*2° but are

under investigation.30:31
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18 study subjects* Serial test results, by study subject and month of specimen collection
No.+ Initial
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0| 1| 411a|8 |n nov] H FEEEE EH = OE B O =35
Pl |29 WA EEE mEE B B
al|Tx| 15 |c| | o [] TXE = = El
214R| | [0 = = = I = = = =
1 2 3 4 5 6 7 8 9 10 11 12]13 14 15 16 17 18 19 20 21 22 23 24]25 26 27 28 29 30 31 32 33 34 35 36]37 38 39 40 41
Color codes Molecular and parasitologic data Subjects (n = 18) Specimens (n = 30)
|FA results Methods and laboratories with positive results No. (%) No. (%)
1:1024 P=PCR 16 (89) 25 (83)
1:512 B = Both laboratories 12 (67) 13 (43)
1:256 C =CDC only 2 (11) 4(13)
1:128 R = Red Cross only 2 (11) 8 (27)
1:64 H = Hamster inoculation 8 (44) 13 (43)
<1:64 S = Smear (subject E's enrollment specimen) 1(6) 1(3)
Mutually exclusive categories
Only PCR (B, C, or R) 10 (56) 17 (57
PCRand H 6 (33) 8 (27)
Only H 2(11) 5(17)

Fig. 1. Characteristics of and serial laboratory data for the 18 Babesia microti—seropositive study
subjects with evidence of parasitemia

These 18 subjects (A through R) provided a total of 181 study specimens, 30 (17%) of
which tested positive for evidence of parasitemia by at least one of three methods: PCR
analysis (P), at the Centers for Disease Control and Prevention (CDC; C), the Red Cross (R),
or both laboratories (B); hamster inoculation (H); and blood-smear examination (S). The
specimens were tested by PCR at both laboratories, with the exception of the final three
specimens from subjects E and R, which were tested only at CDC. See right bottom for a
summary of the molecular and parasitologic results; percentages might not total 100 because
of rounding. See left bottom for the color codes used to indicate the indirect fluorescent
antibody (IFA) results. The left-hand columns specify each subject’s letter identification
(ID), self-reported history of anti-Babesia treatment (Tx), and the numbers of positive and
total study specimens (No.+/total). The P and H columns indicate which subjects ever had
positive results by PCR and hamster inoculation, respectively. In column P, the summary
PCR results (B, C, R, or blank) are mutually exclusive. The initial-testing column specifies
the month of collection and the IFA results for the preenrollment specimen tested in a
separate study. In the timelines, the 6-year study period was normalized to 3.4 years (41
months); data for the eight subjects whose initial testing was after 2000 were shifted back
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from 1 to 3 years. The results for the 181 study specimens are provided by month of
collection (see column headers); because the IFA results are provided for the preenroliment
specimen as well as all 181 study specimens, the data can be reanalyzed ad hoc using
different criteria for classifying a specimen as IFA positive (and, therefore, for considering a
person eligible to enroll in the study and for releasing the study subject after <3 years of
monitoring). For the pertinent subjects, the timing of therapy is shown; for subjects A and E,
the timing is indicated by a double-lined border between specimens in consecutive months
(E was treated twice). The 1-month data columns are numbered (see footers) to facilitate ad
hoc calculations of intervals. The data boxes for the 30 specimens with evidence of
parasitemia include the pertinent letters for the positive molecular/parasitologic results and
the background color indicative of the IFA results. The data boxes for the other 151 study
specimens have a centered negative sign; a white box with a negative sign indicates that the
IFA results also were negative (<1:64). For seven subjects, the final three specimens tested
negative by all study methods, as indicated by “(3-)”; their last three specimens were
collected over a median of 6 months (range, 4-7).

* The 18 subjects are listed in order of the month of their first study specimen with evidence
of parasitemia and by the number and clustering of positive specimens; the first 15 subjects
tested positive on enrollment. Several subjects found small ticks attached to their skin at
various intervals before their preenrollment testing: the interval was <1 month for subjects
E, L, and Q; and was approximately 3 months for subject J. Subjects C, D, and G also
reportedly found small attached ticks; but the timing was unclear. For subjects G, M, and Q
—each of whom had only one specimen with evidence of parasitemia, by PCR at one
laboratory—CDC repeated the PCR analyses after reextracting DNA from an aliquot of the
pertinent specimen. Upon retesting, CDC’s results were positive for subjects G and M and
were negative for subject Q. CDC’s results for the first extraction are shown; the Red Cross
did not retest the specimens. Of note, subject A’s first two specimens still had discordant
PCR results on repeat testing at CDC.
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