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Abstract

Purpose of review—To summarize the current status of blood screening to prevent transfusion-

transmitted babesiosis.

Recent findings—Babesia microti has recently been determined to be the most common 

transfusion-transmitted pathogen in the United States. Patients who acquire transfusion transmitted 

babesiosis (TTB) often experience severe illness with an associated mortality rate of about 20%. 

Recent studies have demonstrated that laboratory screening using B. microti antibody and/or PCR 

assays can effectively identify infectious blood donors and that this approach may offer a cost 

effective means of intervention. Pathogen inactivation methods may offer an alternative solution. 

None of these methods has yet been licensed by FDA, however, and current efforts to prevent TTB 

rely on excluding blood donors who report having had babesiosis.

Summary—TTB imposes a significant health burden on the US population. Further research is 

needed to better inform decisions on optimal screening strategies and reentry criteria, but given the 

acute need and the currently available screening tools, initiation of blood donor screening to 

prevent TTB should be given high priority.
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Introduction

Human babesiosis is a world-wide emerging protozoal disease caused by several species of 

intraerythrocytic protozoa that are transmitted primarily by hard-bodied (Ixodes) ticks but 

also through blood transfusion [1,2]. Transfusion-transmitted babesiosis (TTB) was first 

recognized in 1979, 10 years after the first tick transmitted case was described [3]. The 

causative agent was Babesia microti, the most common cause of human babesiosis and TTB 

[1,2]. B. microti infection is endemic in the Northeastern and northern Midwestern United 
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States (Figure 1). A second species of babesia found in the far West (Babesia duncani) also 

has been shown to be transmitted through blood transfusion, but only a few cases of B. 
duncani infection have been described [4]. Babesiosis is difficult to identify in donors 

because about a quarter of adults experience asymptomatic B. microti infection and most 

patients have persistent asymptomatic infection for months following antibiotic therapy 

[5,6]. Thus, infected donors and transfusion personnel are unaware of the contaminated 

blood donation.

The problem of TTB

TTB Epidemiology

In 2008, the FDA announced that Babesia microti was the most frequent transfusion-

transmitted microbial pathogen in the United States with more than 100 reported cases. The 

rate of TTB has continued to increase since that time [2]. Unlike tick-borne babesiosis that 

occurs primarily in endemic areas in the summer and early autumn, TTB occurs in both 

endemic and non-endemic areas year round. Babesia contaminated blood from endemic 

areas is occasionally transported to non-endemic areas. Furthermore, a resident of a non-

endemic area can develop an asymptomatic B. microti infection while traveling to an 

endemic area and then donate blood upon returning home. The incubation period following 

transfusion is usually one to two months but may be as long as six months [2].

The risk of TTB varies widely because the distribution of babesiosis cases is not uniform, 

even within endemic regions [7–9]. The extent of blood donor exposure to B. microti 
infection has been estimated by serosurveys of donor populations. The first published report 

was by Popovsky et al. who found seropositivity rates of 3 – 5% in Massachusetts blood 

donors based on an immunofluorescence assay using a 1:16 cut-off [7]. Additional blood 

donor seroprevalence studies were subsequently carried out using the immunofluorescence 

assay with a positive cutoff titer of 1:64 [8,10–13] (Table 1). Seroprevalence values ranged 

from 0 to 2.5%, similar to the 2.5% seroprevalence result noted among healthy non-donor 

residents of Connecticut [8]. A recombinant antigen-based B. microti ELISA was used in a 

2005 study to screen 3,490 Connecticut blood donors [9]. Rates of enzyme-linked 

immunosorbent assay (ELISA) positivity of 6.6% and 5.0% were observed in endemic and 

non-endemic areas, respectively, compared to 1.4% and 0.3%, respectively, on subsequent 

testing with an immunofluorescence assay. A subset of the immunofluorescence-positive 

samples were tested by a nested PCR assay and about half (53%) were found positive and 

presumably parasitemic. Overall, these studies indicate that a substantial fraction (1% to 

5%) of the donor population in endemic areas has been infected with B. microti and is 

seropositive while a much smaller fraction is likely to be infectious.

Geographic variation in case number helps to account for the large variation in TTB risk. 

The risk of acquiring babesiosis from transfused blood has been found to be as high as 1 

case per 604 red blood cell (RBC) units in a small prospective surveillance study in 

Connecticut [14]. In contrast, the risk was only 1 case per 994,444 RBC units in a national 

American Red Cross Hemovigilance Program, which included areas where babesiosis is not 

endemic [15]. TTB risks that fall between these estimates include those noted in a Rhode 
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Island Blood Center Program (1 case per 20,454 RBC units) and a Rhode Island/Brown 

University study (1 case per 8,532 RBC units) from 2005 to 2007 [16,17].

TTB disease severity

Patients who experience TTB are often seriously ill and the TTB mortality rate is about 20% 

[1,2]. Between 2005–2010, 11/307 (3.6%) transfusion related deaths reported to the FDA 

were due to TTB [18]. TTB patients are older than the general population (median age of 65 

years; range <1 to 94 years) and most have at least some immune impairment [2]. Patients 

who most commonly acquire babesiosis through blood transfusion include neonates and the 

aged, those with hematologic or other cancers, sickle cell disease, thalassemia, 

cardiovascular or gastrointestinal surgery, organ transplantation, and trauma with 

posttraumatic splenectomy.

Prevention of TTB

It is clear that the current approach to prevention of TTB through exclusion of blood donors 

who report having had babesiosis is not sufficiently effective. Two successful approaches 

have been taken to prevent other transfusion-transmitted infections, pathogen inactivation of 

blood products and laboratory screening to identify and remove donations. Babesia 
inactivation has been shown to be feasible with methods that are in use for other pathogens 

but no licensed commercial products are yet available for this purpose. These methods 

include riboflavin, ultraviolet light, the Mirasol pathogen reduction system, photochemical 

inactivation with amotosalen, and long wavelength ultraviolet light [19–22]. A laboratory 

screening study to prevent TTB was first carried out in 2010–2011 [23]. This and subsequent 

studies suggest that B. microti antibody and/or PCR assays can be effective screening tools 

for preventing TTB.

Diagnostic and screening tests for TTB

Assays for B. microti infection

B. microti infects erythrocytes and its presence can be directly determined by microscopic 

examination of thin blood smears or by amplification of parasite DNA from whole blood or 

an erythrocyte fraction. A number of PCR assays for B. microti DNA have been developed, 

all relying on amplification of 18s rRNA sequences [24–28]. PCR is more sensitive than thin 

blood smear and is widely considered to be a confirmatory test [29]. A negative PCR result 

does not rule out babesiosis because parasite concentration may be below the limit of 

detection, [26,30]. Although parasitemia as low as 6 parasites in a milliliter of blood can be 

identified in principle [26], the limit of detection for these assays varies depending on such 

parameters as sample volume. Thus, while 6 parasites in a 1 milliliter volume of blood can 

be detected, 6 parasites circulating in an asymptomatically infected blood donor will not be 

detected unless the sample of blood analyzed contained those 6 parasites.

Assays that detect antibodies to B. microti have long been used to support a diagnosis of 

babesiosis in symptomatic patients, the majority of whom have detectable antibody. The 

most well-established serological test for clinical diagnosis has been the 

immunofluorescence assay has been the IFA using erythrocytes from parasitemic hamsters 
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which contain B. microti whole cell antigens [31]. The timing of antibody appearance in the 

blood following infection has not been well established in humans, although limited studies 

indicate a lag time of approximately 7 to 14 days [32]. As with many other infections, 

immunoglobulin M is the earliest antibody isotype that is generated, followed by IgG over 

subsequent weeks [33]. Antibody concentration typically peaks at titers of ≥ 1:1,024 [6,33]. 

A small fraction of asymptomatically infected blood donors are infected just prior to 

donation. Thus, detection of IgM antibodies is relevant for blood screening.

Determining which diagnostic test or combination of tests is optimal for screening is 

complex. Use of antibody alone as a screening tool is problematic. Firstly, blood donors who 

have been very recently infected (window period) are by definition antibody negative. 

Secondly, people who have cleared a B. microti infection typically exhibit a measurable 

antibody titer lasting for months and sometimes years [6,30]. In endemic populations, the 

majority of seropositive individuals have been found to be PCR negative and thus are most 

likely to represent prior rather than active infections [34,35]. These individuals pose little or 

no risk to blood safety but would be subject to deferral based on detection of B. microti 
antibody. The use of PCR alone as a screening tool is also problematic. PCR is not a true 

gold standard for infection because a positive result may simply indicate the presence of 

“dead DNA” rather than active infection, although microbial DNA generally is rapidly 

cleared from the blood [6] [30]. Conversely, a small number of cases have been reported in 

which B. microti seropositive but PCR negative individuals were further tested for active 

infection by inoculation of their blood into hamsters from which B. microti was later 

recovered [30,36]. These cases demonstrate that some seropositive, PCR-negative donors 

harbor active B. microti infection. Although their numbers may be low, these individuals 

show that PCR testing by itself will not always detect active infection. Accordingly, donor 

screening models have been proposed incorporating both serology and PCR [36,37].

The performance of donor screening assays will be affected by the extent to which assay 

targets, whether protein or nucleic acid, are conserved across the repertoire of B. microti 
strains. The extent of genomic diversity within B. microti is not fully delineated due to the 

paucity of studies comparing genomes from a wide variety of isolates across endemic 

geographic regions. While available data point toward limited B. microti strain diversity 

[38–40] [Carpi G, Walter KS, Ben Mamoun C, et al, unpublished data], how adequately 

existing B. microti assays accommodate whatever diversity exists remains to be determined.

Blood screening policy

Given that B. microti causes more transfusion-transmitted infections than any other 

pathogen in the U.S. [22], development of approaches to mitigate TTB has been a high 

priority concern of the US Food and Drug Administration, which overseas blood safety. B. 
microti received initial FDA attention as one of several tick-borne agents posing a potential 

risk to the blood supply at a workshop convened in 1999 [41]. In 2008, the FDA held the 

first public workshop focused entirely on the risk of TTB and options to mitigate the 

problem [42]. Subsequently, TTB has been a topic addressed by the FDA’s Blood Products 

Advisory Committee in meetings in 2010 and 2015 [43,44]. A principal goal of these 

meetings has been to evaluate potential donor screening approaches and to explore how they 
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might be implemented based on epidemiological risk factors for B. microti infection. While 

no assays for B. microti have yet been sanctioned by the FDA for diagnostic purposes or 

licensed for blood screening to date, serological and nucleic acid assays have been evaluated 

in several recent blood donor studies carried out under Investigational New Drug (IND) 

protocols, which is the first step towards licensure. At its May 2015 meeting, where 

preliminary results of these studies were presented, the Blood Products Advisory Committee 

voted in favor of nationwide serological screening for B. microti, supplemented by nucleic 

acid testing in high-risk areas. A nine state group comprising six New England states along 

with NY, MN and WI that was proposed as the high risk area was preferred over a 15 state 

group that included additional mid-Atlantic states.

Babesia blood donor screening studies on products seeking FDA licensure

The first study in which blood donors were screened for B. microti under an IND protocol 

was carried out by Young et al. in Rhode Island between 2010–2011 [23]. Donors were 

screened in parallel by both immunofluorescence and real-time PCR assays. Of 2,113 blood 

units tested, 26 (1.23%) were found seropositive at a 1:128 cut-off, while none were positive 

by PCR (Table 2). The rate of TTB decreased from 24 cases over the five years prior to the 

study to no cases in the year following commencement of the study. While the difference 

was not significant, this finding suggests that antibody-based screening, with or without 

PCR, can be effective in reducing TTB.

A subsequent study by Moritz et al. under IND consisted of parallel testing by 

immunofluorescence and PCR assays of 13,269 paired plasma and whole blood samples 

from donors in endemic (MN, WI, MA, CT) and non-endemic (AZ, OK) regions [34]. The 

immunofluorescence assay, an automated version termed AFIA, yielded a 0.75% 

seropositivity rate in an endemic region comprising MA and CT. Five of 38 (13%) 

seropositive samples in this group were also positive by PCR and hence potentially 

infectious. In the non-endemic region, three out of 4,022 donors were positive by AFIA at a 

1:64 cut-off, of which two were found negative by B. microti Western blot and assumed to 

be false positive, while the third was assumed to be a true positive based on a positive 

Western blot. Antibody test specificity was 99.95%, which increased to 99.98% at a 1:128 

cut-off.

Levin et al. developed a microplate ELISA utilizing a combination of B. microti peptide 

antigens derived from proteins of the BMN1 family [45]. Using an epitope mapping 

approach, unique, immunodominant peptides from BMN1-9 (also known as BmSA1) and 

BMN1-17 were identified based on reactivity with sera from patients with symptomatic B. 
microti infections. In an initial study, 15,000 blood donors from endemic (NY) and non-

endemic (AZ) regions were screened by ELISA [45]. Repeat reactive rates of 1.08% and 

0.40% were observed in endemic and non-endemic regions, respectively, which were 

reduced to 0.92% and 0.16% upon application of a revised cut-off. A second study was 

carried out in 2013 in which approximately 27,000 donor samples were screened by ELISA, 

with repeat reactive samples reflexed to PCR, immunofluorescence and immunoblot 

assays[35]. In this study, with application of an adjusted cut-off, the rate of seropositive 

donors in a region of NY that combined areas of greater and lesser endemicity was 0.28%, 
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while the rate in a non-endemic region (NM) was 0.13%. Nine out of 45 (20%) seropositive 

donors from endemic regions were found positive by PCR; none were found in the non-

endemic region. Using immunoblot to identify and exclude true positives in the non-endemic 

region, the specificity of the ELISA was 99.93%.

A follow-on study by Bloch et al. showed that 75% of seropositive donors from the 

preceding study remained seropositive, and 2 out of 5 donors that were initially positive by 

PCR remained PCR positive, one year later [46]. Consistent with other reports [6,30], this 

study suggested that both seropositivity and parasite DNA may persist in some donors for 

relatively long periods of time following infection. These findings may be of particular 

significance with respect to consideration of criteria for re-entry of donors who are deferred 

based on B. microti screening results.

Detection of window period infections

As window period infections cannot be detected serologically by definition, direct methods 

for parasite detection must be used. In the study by Moritz et al., all donors were tested by 

PCR in parallel with the immunofluorescence (AFIA) serological method. Results showed 

no PCR-positive donors among the AFIA-negative group [34]. A subsequent report from the 

same group described results of ongoing screening in which a total of 84,209 donors in 

endemic regions of CT, MA, MN and WI had been tested by AFIA and PCR. This yielded 

331 (0.4%) that were reactive by either AFIA or PCR. Eight blood donors were AFIA 

negative but PCR positive (0.01%), all of whom were tested between June and August, 

which are peak tick transmission months for B. microti [36]. The study by Levin et al. relied 

on serology as a first step, so that ELISA negative/PCR positive donors were not 

identifiable; however, a subset of samples in that study were screened by PCR in parallel 

with ELISA. None of 2,522 samples tested were found positive by PCR and negative by 

ELISA. In summary, window period infections have been demonstrated at low frequency, on 

the order of 2.4% of all donors found positive for B. microti antibodies or DNA based on the 

results of one study [36]. The cost-effectiveness of detecting window period infections by 

screening with PCR or other similarly sensitive direct methods is an issue under current 

debate (see below).

ELISA vs immunofluorescence assays for use in screening

Overall, the specificities of the AFIA method and the peptide ELISA for B. microti were 

statistically equivalent, as were the percentage of seropositive samples that were also 

positive by PCR and thus potentially infectious (Table 2). Both assays have been positioned 

for FDA licensure for blood screening and according to the manufacturers have been 

adapted for high volume throughput [23,35].

The trade-off between overdetection and underdetection of B. microti-infected or exposed 

donors is a function of assay methodology and stringency, in addition to geography and 

timing of screening. Cut-offs for both immunofluorescence and ELISA methods have been 

subject to modification based on study results in order to balance the number of donors that 

would be detected with active infection against those with previous exposure but not actively 

infected, who would be unnecessarily deferred. Combining serological assays with PCR 
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either serially, in a reflex algorithm, or in parallel, presents potential options to improve 

overall accuracy in identification of infectious donors. Serial algorithms result in higher 

specificity which is important to offset the lower positive predictive value that is associated 

with screening in low-prevalence populations. Ultimately, these questions will be subject to 

analyses of cost-effectiveness and effect on decreasing the donor pool (see below).

Cost effectiveness of screening

A cost-effective screening program to prevent TTB would ideally not exceed the target 

threshold cost that is used for interventions mitigating other infectious risks of transfusion.

This cost threshold has traditionally been 1 million dollars per quality-of-life-years (QALY) 

[47]. QALY is a generic measure of disease burden that includes both quality and quantity of 

life lived. One year of life in perfect health is equivalent to a QUALY of 1 while death is 

equivalent to a QALY of 0. Several cost effectiveness studies have been carried out to 

estimate the costs of different B. microti blood screening programs. Each has arrived at 

different conclusions regarding the cost effectiveness of TTB screening for similar 

programs. Two studies found that effective programs could be devised that would cost less 

than the 1 million dollars per QALY threshold [37,48]. One of these found that universal 

donor antibody screening for B. microti in endemic areas of the US is the most promising 

approach while the other found that universal PCR in four endemic states would be most 

cost effective. In contrast, a third study found that no program that significantly decreased 

TTB would fall within the 1 million dollars per QALY threshold [47]. The reason for the 

variability in estimates is the lack of robust data for underlying assumptions. Some of the 

critical assumptions used in these models that varied were TTB transmission probability 

(how many units of blood will result in a single infection), the risk and severity of TTB 

complications, the impact of babesiosis on quality of life, the ability of screening to avert 

TTB (test performance), and the costs of screening. In general, the most cost effective 

strategies involved a single laboratory screening test used in a limited number of endemic 

States. The consensus of these studies is that additional research is needed to more 

accurately quantify these variables.

Deferral and reentry strategies

The endpoint for all babesia screening programs is to discard blood donations from anyone 

who is found to have babesia infection and to defer future donations until there is assurance 

that their blood is no longer infectious. Once non-infectious, reentry into the blood donor 

pool is possible. In order to achieve these goals, screening programs must distinguish 

infectious from non-infectious donors and determine when a person becomes non-infectious. 

Unfortunately, our current knowledge of the basic biology of human babesial infection is 

limited, including the minimum infectious dose, the best determination of infectiousness, 

and the duration of human infectiousness. It is likely that the minimum infectious dose from 

a blood transfusion is only a few (~5) babesia, based on evidence from transfusion 

transmission of Plasmodia. If so, this would exceed the ability of current direct detection 

techniques such as smear, PCR, and antigen capture to identify all B. microti-infected donor 

blood. Previous studies have shown that babesia infection may persist asymptomatically for 
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as long as two years in untreated immunocompromised hosts and as long as a year in 

immune intact persons who have been given standard antibiotic therapy [6]. Given these 

complexities, a completely effective blood screening approach may be very difficult to 

develop, with the more realistic goal being a significant reduction in TTB incidence rather 

than total eradication. Although several approaches for TTB prevention have been studied, 

including exclusion based on history of babesiosis, antibody screening, and antibody 

screening with PCR, a blood screening method has yet to be licensed by the FDA. A similar 

challenge exists in regard to reentry strategies. The current standard is to bar anyone with a 

previous history of babesiosis or laboratory evidence of previous infection from ever 

donating again. This presupposes that babesial infection can never be eradicated. Contrary to 

this conservative approach, current data suggest that babesial infection does not exceed two 

years in immune intact persons. At a time when meeting demands for blood is a challenge, it 

will be important to devise approaches that allow donors to reenter the donor pool without 

putting recipients at significantly increased risk of TTB. One possible approach is to 

rescreen donors a year after they have tested positive and allow them to donate if repeat 

antibody and PCR screening results are negative.

Conclusions

TTB imposes a significant health burden on the US population. The number of cases is 

increasing, often with serious or fatal consequences. Several screening methods have been 

developed and validated based on antibody and PCR assays, but none has yet been licensed 

by the FDA. Pathogen inactivation methods likewise have not been licensed for use on 

babesia. Further research is needed to gain a better understanding of such fundamental 

issues as the minimal infectious dose and the duration of infectiousness, in order to inform 

decisions on optimal screening strategies and reentry criteria. Given the acute need and the 

currently available screening tools, however, initiation of blood donor screening to prevent 

TTB should be given high priority.
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Key points

• Babesia microti has recently been determined to be the most common 

transfusion-transmitted pathogen in the United States.

• Patients who acquire transfusion transmitted babesiosis (TTB) often 

experience severe illness with an associated mortality rate of about 20%.

• Recent studies have demonstrated that laboratory screening using B. microti 
antibody and/or PCR assays can effectively identify potentially infectious 

donors.

• A cost-effective screening program to prevent TTB would ideally not exceed 

the target threshold cost that is used for interventions mitigating other 

infectious risks of transfusion.

• Although further research is needed to better inform decisions on optimal 

screening strategies and reentry criteria, given the acute need and the 

currently available screening tools, initiation of blood donor screening to 

prevent TTB should be given high priority.
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Figure 1. Human babesiosis and Lyme disease cases in the United States 2011–2013
(from Diuk-Wasser M, Vannier E, Krause PJ. Coinfection by Ixodes tick-borne pathogens: 

Ecological, epidemiological, and Clinical consequences. Trends in Parasitol, 2016;32:30–

42)
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