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The purpose of this guideline is to provide evidence-based guidance for the most effective strategies for the diagnosis and manage-
ment of babesiosis. The diagnosis and treatment of co-infection with babesiosis and Lyme disease will be addressed in a separate 
Infectious Diseases Society of America (IDSA), American Academy of Neurology (AAN), and American College of Rheumatology 
(ACR) guideline [1]. Recommendations for the diagnosis and treatment of human granulocytic anaplasmosis can be found in the 
recent rickettsial disease guideline developed by the Centers for Disease Control and Prevention [2]. The target audience for the ba-
besiosis guideline includes primary care physicians and specialists caring for this condition, such as infectious diseases specialists, 
emergency physicians, intensivists, internists, pediatricians, hematologists, and transfusion medicine specialists.

EXECUTIVE SUMMARY

Summarized below are the 2020 recommendations for the di-
agnosis and management of babesiosis. The panel followed a 
systematic process used in the development of other IDSA clin-
ical practice guidelines, which included a standardized meth-
odology for rating the certainty of the evidence and strength 
of recommendation using the GRADE approach (Grading of 
Recommendations Assessment, Development, and Evaluation) 
(Figure 1). A detailed description of background, methods, evi-
dence summary, and rationale that support each recommenda-
tion, and knowledge gaps can be found online in the full text.

I.  How Should the Diagnosis of Babesiosis Be Confirmed?
Recommendation:

	1.	For diagnostic confirmation of acute babesiosis, we recom-
mend peripheral blood smear examination or polymerase 
chain reaction (PCR) rather than antibody testing (strong rec-
ommendation, moderate-quality evidence). Comment: The 
diagnosis of babesiosis should be based on epidemiological 

risk factors and clinical evidence, and confirmed by blood 
smear examination or PCR.

II.  Can an Active Case of Babesiosis Be Diagnosed Based on a Single 
Positive Antibody Test or Is a Blood Smear, PCR, or a Four-fold Rise in 
Antibody Necessary for Confirmation?
Recommendation:

	1.	For patients with a positive Babesia antibody test, we rec-
ommend confirmation with blood smear or PCR before 
treatment is considered (strong recommendation, moderate-
quality evidence). Comment: A single positive antibody test 
is not sufficient to establish a diagnosis of babesiosis because 
Babesia antibodies can persist in blood for a year or more 
following apparent clearance of infection, with or without 
treatment.

III.  What Are the Preferred Treatment Regimens for Babesiosis?
Recommendation:

	1.	We recommend treating babesiosis with the combination 
of atovaquone plus azithromycin or the combination of 
clindamycin plus quinine (strong recommendation, moderate-
quality evidence). Comment: Atovaquone plus azithromycin 
is the preferred antimicrobial combination for patients ex-
periencing babesiosis, while clindamycin plus quinine is the 
alternative choice. The duration of treatment is 7 to 10 days 
in immunocompetent patients but often is extended when 
the patient is immunocompromised (Tables 1 and 2).
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IV.  Is Exchange Transfusion Indicated for Severe Babesiosis?
Recommendation:

	1.	In selected patients with severe babesiosis, we suggest ex-
change transfusion using red blood cells (weak recom-
mendation, low-quality evidence). Comment: Exchange 
transfusion may be considered for patients with high-grade 
parasitemia (>10%) or who have any one or more of the 
following: severe hemolytic anemia and/or severe pulmo-
nary, renal, or hepatic compromise. Expert consultation 
with a transfusion services physician or hematologist in 
conjunction with an infectious diseases specialist is strongly 
advised.

V.  How Should Immunocompetent and Immunocompromised Patients Be 
Monitored After Babesiosis Therapy Is Initiated? How Frequently and for 
How Long?
Recommendations:

	1.	For immunocompetent patients, we recommend monitoring 
Babesia parasitemia during treatment of acute illness using 
peripheral blood smears but recommend against testing for 
parasitemia once symptoms have resolved (strong recommen-
dation, moderate-quality evidence).

	2.	For immunocompromised patients, we suggest monitoring 
Babesia parasitemia using peripheral blood smears even after 
they become asymptomatic and until blood smears are neg-
ative. PCR testing should be considered if blood smears have 
become negative but symptoms persist (weak recommenda-
tion, moderate-quality evidence).

INTRODUCTION

Babesiosis is a disease caused by intraerythrocytic protozoa of 
the genus Babesia that are transmitted throughout the world 
by hard-bodied ticks [3]. More than 100 Babesia species in-
fect a wide variety of wild and domestic animals. Babesiosis 

Figure 1.  Approach and implications to rating the quality of evidence and strength of recommendations using the GRADE (Grading of Recommendations Assessment, 
Development and Evaluation) methodology. Unrestricted use of the figure granted by the U.S. GRADE Network (Approach and implications to rating the quality of evidence 
and strength of recommendations using the GRADE methodology, 2015. url: http://www.gradeworkinggroup.org).
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has long been recognized as an important disease of live-
stock with significant economic impact in many parts of the 
world. A subset of Babesia species infect humans, including 
Babesia microti, Babesia  duncani, and Babesia  divergens 
in the United States; B.  divergens, B.  microti, and Babesia 
venatorum in Europe; and B.  venatorum, B.  microti, and 
Babesia crassa-like pathogen in Asia (Figure  2) [3,6–16]. 
The first human case of babesiosis was described in 1957 
in Europe and was attributed to B. divergens [17]. A decade 
later, human babesiosis was described in the United States. 
Currently, B. microti is endemic in the Northeast and upper 
Midwest and is the most common cause of human babesi-
osis (Figure 3) [3, 6, 18, 19].

Babesiosis due to B. microti imposes a significant health burden 
in the United States. More than 2000 cases of babesiosis are re-
ported to the CDC annually, but several lines of evidence indicate 
that the actual number of cases is higher and increasing (Figure 4). 
The causes for the emergence of babesiosis both in number of 
cases and geographic range are thought to include an increase in 
the white-tailed deer/Ixodes scapularis tick populations, increased 
recognition of the disease, and increased human exposure to 

B. microti-infected ticks [3, 7, 21]. Babesia microti is transmitted 
primarily during the bite of an I.  scapularis tick, but also can be 
transmitted through blood transfusion, organ transplantation, and 
perinatally [3, 22–28]. Babesia microti is one of the most common 
transfusion-transmitted pathogens in the US and causes death in 
about 20% of infected blood recipients, a fatality rate similar to that 
reported among highly immunocompromised individuals who ac-
quire the infection through tick bite [28, 29]. Furthermore, the in-
cidence of transfusion-transmitted babesiosis has been increasing. 
These factors have prompted efforts to screen the blood supply in 
Babesia-endemic states [7, 28, 30, 31]. Clinical manifestations of 
babesiosis include fever, fatigue, chills, sweats, headache, and ano-
rexia [3, 7]. Severe babesiosis requires hospital admission and can 
be complicated by marked anemia, acute respiratory distress syn-
drome, disseminated intravascular coagulation, congestive heart 
failure, renal and liver impairment/failure, shock, splenic infarct or 
rupture, warm autoimmune hemolytic anemia, and/or fatal out-
come [3, 7, 29, 32–37]. Of the cases reported to the CDC between 
2011 and 2015 and from whom data were available, about half were 
hospitalized at least overnight and about one-third experienced 
one or more complications [7].

Figure 2.  Worldwide distribution of human babesiosis and tick vectors. Dark colors indicate areas where human babesiosis is endemic or sporadic (defined by a total 
of ≥5 cases). Light colors indicate areas where tick vectors are present but human babesiosis is rare (<5 cases ever reported in an area), undocumented, or absent. Circles 
depict single cases, except in 3 locations (Mexico, Montenegro, and eastern Poland) where several patients were described but lived in the same area. Colors distinguish 
the etiologic agents: red for Babesia microti, orange for Babesia duncani, blue for Babesia divergens, green for Babesia venatorum, pink for Babesia crassa, black for KO1, 
and yellow for Babesia spp. XXB/Hang-Zhou. The vector for B. duncani tentatively has been identified as Dermacentor albipictus [20]. Cases due to B. crassa-like pathogen 
have been reported in northeastern China, the same region where B. venatorum is endemic. White circles depict cases caused by Babesia spp. that were not characterized 
at the molecular level. Asymptomatic infections and cases of travel-associated babesiosis are omitted (adapted from Vannier E. and Krause P.J. 2019. Babesiosis. In: Hunter’s 
Tropical Medicine and Emerging Infectious Diseases pp.799–802).
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Babesiosis has no easily recognized clinical features such as 
the erythema migrans skin lesion of Lyme disease. A diagnosis 
should be considered in a patient who resides in or has traveled 

to an endemic area, experiences clinical symptoms that are con-
sistent with babesiosis, and has characteristic laboratory test ab-
normalities. The diagnosis is confirmed with the identification 
of Babesia parasites by microscopic evaluation of blood smears 
or amplification of Babesia DNA using a polymerase chain re-
action (PCR) assay. The diagnosis of acute babesiosis cannot 
be confirmed solely by the presence of Babesia antibody in a 
serum sample collected at a single time point. Treatment with a 
combination of atovaquone plus azithromycin for 7 to 10 days 
achieves cure in most cases [33, 38–40]. Delay in diagnosis and 
treatment is associated with severe disease [38]. Prolonged an-
tibiotic therapy should be reserved for highly immunocompro-
mised patients [29].

This guideline provides current standards of diagnosis and 
management of human babesiosis. It is based on the best avail-
able scientific information and the sources of this evidence are 
provided in the guideline. The use of this guideline is intended 
to facilitate clinical decision-making and is designed to improve 
patient outcome.

Scope

This guideline encompasses the diagnosis and management of 
babesiosis. It is primarily intended for medical practitioners in 

Figure 3.  Human babesiosis occurs within Lyme disease endemic areas in the United States. Lyme disease and human babesiosis have been nationally notifiable condi-
tions since 1991 and 2011, respectively. The names of counties that reported cases of Lyme disease and/or babesiosis from 2011 to 2013 were obtained from the Centers for 
Disease Control and Prevention. Counties with 3 or more cases of Lyme disease but fewer than 3 cases of babesiosis are depicted in green. Counties with 3 or more cases 
of Lyme disease and 3 or more cases of babesiosis are depicted in gray. No county reported 3 or more cases of babesiosis but fewer than 3 cases of Lyme disease (adapted 
from [19]).

Figure 4.  Sharp rise in the incidence of babesiosis in the United States in the past 
2 decades. Clear circles represent total babesiosis cases reported from all State 
Departments of Public Health that mandated reporting between 1986 and 2011. Black 
circles represent cases reported to the Centers for Disease Control and Prevention 
from 2011 until the present. Babesiosis became a national reportable disease in 2011. 
The actual number of cases is likely to be higher based on evidence of asymptomatic 
infection, the use of passive surveillance, and the problem of misdiagnosis [3, 7].
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North America, although many recommendations apply to ba-
besiosis patients in other geographic areas. In contrast to a prior 
guideline that also covered Lyme disease and anaplasmosis 
[41], this guideline only addresses babesiosis. Lyme disease is 
now comprehensively addressed in a separate guideline spon-
sored by the Infectious Diseases Society of America (IDSA), 
American Academy of Neurology, and American College of 
Rheumatology [1]. Anaplasmosis, along with other North 
American rickettsial infections, is addressed in the rickettsial 
disease guideline developed by the Centers for Disease Control 
and Prevention [2].

METHODOLOGY

Clinical Practice Guidelines

Clinical Practice Guidelines are statements that include re-
commendations intended to optimize patient care by assisting 
practitioners and patients in making shared decisions about ap-
propriate health care for specific clinical circumstances. They 
are informed by a systematic review of evidence and an assess-
ment of the benefits and risks of alternative care options [42].

Guideline Panel Composition

The Chair (P. J.  K.) was selected by IDSA to lead the guide-
line panel. A  total of 17 panelists comprised the full panel. 
The panel included infectious diseases specialists representing 
IDSA, as well as representatives from the American Academy of 
Pediatrics—Committee on Infectious Diseases (AAP-COID), 
Pediatric Infectious Diseases Society (PIDS), and GRADE 
working group. Finally, the panel included 3 patient representa-
tives and 1 healthcare consumer representative. At the request of 
the patient representatives, we have not disclosed their names to 
maintain their confidentiality. Both academic and community 
practitioners were included, as well as members representing 
the disciplines of laboratory medicine and pharmacology. 
Guideline methodologists (Y. F. Y. and V. L.) oversaw all meth-
odological aspects of the guideline development. A  technical 
review team from Tufts Medical Center (R. R. B., M. C. O., and 
E. E. V.) performed the systematic reviews of the literature and 
identified and summarized the scientific evidence using the 
“PICO” question format (Patient/Population[P]; Intervention/
Indicator[I]; Comparator/Control[C]; Outcome[O]). An IDSA 
staff member (G. D.) oversaw all administrative and logistic is-
sues related to the guideline.

Disclosure and Management of Potential Conflict of Interest

All members of the expert panel complied with the IDSA policy 
on conflict of interest (COI), which requires disclosure of any 
financial, intellectual, or other interest that might be con-
strued as constituting an actual, potential, or apparent conflict. 
Evaluation of such relationships as potential conflicts of interest 
was determined by a review process which included assessment 
by the Standards and Practice Guideline Committee (SPGC) 

Chair, the SPGC liaison to the Guideline panel and the Board of 
Directors liaison to the SPGC, and if necessary, the Conflicts of 
Interests Task Force of the Board. This assessment of disclosed 
relationships for possible COI was based on the relative weight 
of the financial relationship (ie, monetary amount) and the 
relevance of the relationship (ie, the degree to which an inde-
pendent observer might reasonably interpret an association as 
related to the topic or recommendation of consideration). The 
reader of these guidelines should be mindful of this when the 
list of disclosures is reviewed. See the Notes section at the end of 
this guideline for the disclosures reported to IDSA.

Clinical Questions and Evidence Review

An initial list of relevant clinical questions for this guideline was 
created by the whole panel for review and discussion. The final 
set of clinical questions was approved by the entire panel. All 
outcomes of interest were identified a priori and explicitly rated 
for their relative importance for decision making. Each clinical 
question was assigned to a pair of panelists.

The Tufts Medical Center technical team consisted of 3 experts 
in systematic reviews who designed the literature searches to 
address each clinical question. Searches were limited to studies 
published in English. There was no restriction on the year of 
publication. The following electronic databases were searched: 
Ovid Medline, Cochrane database, Google Scholar, Scopus, 
and EMBASE. The initial literature searches were performed 
in March 2016 and then updated in August 2017 and in April 
2019. Studies published up to April 2019 were included if per-
tinent to this guideline. To supplement the electronic searches, 
panelists had the option of manually searching journals, ref-
erence lists of conference proceedings, and regulatory agency 
websites for relevant articles. The technical team screened titles 
and abstracts of all identified citations. All potentially relevant 
citations were subjected to a full-text review, using predefined 
inclusion and exclusion criteria that were tailored to meet the 
specific population, intervention, and comparator for each clin-
ical question. Conference abstracts and proceedings, letters to 
the editor, editorials, review articles, and unpublished data were 
excluded from the evidence that served as a basis for graded re-
commendations. The results of the literature search were thor-
oughly reviewed by the technical team for final selection of the 
relevant articles. Panel members reviewed the literature search 
for accuracy. Once the articles were selected, the technical team, 
in conjunction with panelists and methodologists, decided if a 
qualitative and/or a quantitative analysis were appropriate.

Evidence summaries for each question were prepared by 
the technical team. The risk of bias was assessed by the tech-
nical team using the Cochrane risk of bias tool for randomized 
controlled trials [43], the Newcastle-Ottawa scale (NOS) for 
nonrandomized studies [44] and QUADAS-2 tool for diagnostic 
test accuracy studies [45]. The certainty in the evidence was in-
itially determined for each critical and important outcome, and 
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then for each recommendation using the GRADE approach 
for rating the confidence in the evidence [46, 47] [Figure  1]. 
Evidence profile tables and quality of evidence were reviewed 
by the guideline methodologists (Y. F. Y. and V. L.). The sum-
maries of evidence were discussed and reviewed by all com-
mittee members and edited as appropriate. The final evidence 
summaries were presented to the whole panel for deliberation 
and drafting of recommendations. Literature search strategies, 
the PRISMA flow diagram detailing the search results, data 
extraction and evidence profile tables, and additional data 
(such as meta-analysis results when appropriate) can be found  
in supplementary materials.

Ranking of the outcomes by importance for decision-making 
was determined by consensus for each PICO question. In situ-
ations where a PICO question compared the use of an antimicro-
bial regimen to no antimicrobials, if the beneficial effects of the 
antimicrobial regimen were uncertain, undesirable outcomes 
would usually be ranked higher in importance than if benefits 
were certain (ie, ranked as critical for decision-making rather than 
important). Moreover, in situations where a PICO question com-
pared the use of a specific antimicrobial regimen to another anti-
microbial regimen (either regarding specific molecules, classes of 
antimicrobials, route of administration, or duration of therapy) 
and the beneficial effects of the 2 regimens were similar, the un-
desirable outcomes were ranked as critical for decision-making, 
although several other considerations might also have been taken 
into account such as stewardship issues and costs.

Development of Clinical Recommendations

All recommendations were labeled as either “strong” or “weak” 
according to the GRADE approach. The suggested interpreta-
tion of strong and weak recommendations for patients, clin-
icians, and healthcare policymakers is listed in Figure  1. For 
recommendations where the comparators are not formally 
stated, the comparison of interest is implicitly referred to as “not 
using the intervention” (either not using a specific treatment or 
diagnostic test). The strength of recommendations was estab-
lished by informal consensus. Although there is arguably an on-
going need for research on virtually all of the topics considered 
in this guideline, “research needs” were noted for items that the 
panelists thought were particularly relevant.

Revision Process

Feedback was obtained from external peer reviewers. The 
guideline was reviewed and approved by the IDSA Standards 
and Practice Guidelines Committee (SPGC) as well as the IDSA 
Board of Directors (BOD). The guideline was endorsed by 
PIDS.

Revision Dates

Approximately every 2  years, but more frequently if needed, 
IDSA will determine the need for revisions to the guideline by 

an examination of the current literature and the likelihood that 
any new data will have an impact on the recommendations. If 
necessary, the entire expert panel will be reconvened to dis-
cuss potential changes. Any revision to the guideline will be 
submitted for review and approval to the SPGC and the IDSA 
Board.

I.  How Should the Diagnosis of Babesiosis be Confirmed?
Recommendation:

	1.	For diagnostic confirmation of acute babesiosis, we recom-
mend peripheral blood smear examination or polymerase 
chain reaction (PCR) rather than antibody testing (strong rec-
ommendation, moderate-quality evidence). Comment: The 
diagnosis of babesiosis should be based on epidemiological 
risk factors and clinical evidence, and confirmed by blood 
smear examination or PCR.

Summary of Evidence:
Babesia microti Infection: A number of studies have assessed 
the performance of blood smear examination [48, 49] and/
or PCR [50–60] for the diagnosis of acute babesiosis due to 
B. microti and at least 3 have compared the 2 approaches [50, 
55, 60]. PCR (particularly real-time PCR and the recently de-
veloped 18S rRNA reverse transcriptase PCR) is more sensitive 
than a blood smear examination. PCR is especially useful when 
the parasite burden is low; however, blood smear examination 
is rapid and inexpensive [55, 60]. Examination of multiple thin 
blood smear fields is indicated (Figure 5). A review of at least 
200–300 fields under oil immersion will increase sensitivity, 
although the number of fields has not been standardized [49]. 
Examination of thick blood smears may increase sensitivity 
because the number of red blood cells examined per field is 
greater than with thin smears; however, Babesia organisms are 
small and may be missed on thick blood smears. Both thick and 
thin smears should be prepared and examined by experienced 
personnel, as they can be difficult to interpret. For example, 
Babesia ring forms can be misinterpreted as Plasmodium fal-
ciparum trophozoites. In contrast, merozoites organized in tet-
rads (Maltese cross forms) are pathognomonic of babesiosis 
(Figure 5). If blood smears are negative and babesiosis is still 
suspected, PCR testing should be performed. Babesia microti 
PCR assays frequently are offered by clinical laboratories, as 
this species accounts for almost all cases of babesiosis in North 
America [3].

Babesia-specific antibody testing should not be used for rou-
tine diagnosis of acute babesiosis. Distinguishing active from 
past infection using serology is difficult because most patients 
who experience acute babesiosis remain seropositive for a year 
or more after resolution of disease, despite appropriate anti-
microbial therapy [30, 31, 61, 62]. As with most serologic tests, 
optimal performance requires analysis of paired serum samples 
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collected during the acute and convalescent phases of illness 
[63]. This approach is impractical for the diagnosis of acute ba-
besiosis. Antibody testing is used to determine the seropreva-
lence of Babesia infection in epidemiological studies and may 
have a role in screening the blood supply [21, 30, 31, 64].

Non-Babesia microti Infection: Subtle morphological differ-
ences between Babesia species can be observed on blood smear 
but the basic features are common to all, including ring-form 
trophozoites and the pathognomonic but infrequently observed 
merozoite tetrads or “Maltese cross” forms (Figure 5). A Babesia 
species-specific PCR can confirm active Babesia infection and 
the infecting species. Some commercial laboratories and referral 
centers, such as the laboratory at the Parasitic Diseases Branch 
of the Centers for Disease Control and Prevention can provide 
PCR and DNA molecular analyses to detect non-B. microti spe-
cies. If a B. microti PCR test is performed first and is negative 
but babesiosis is still suspected, a blood smear or pan-Babesia 
PCR test should be performed.

Symptomatic patients who test positive for Babesia (non-
B.  microti) antibody should either have a blood smear, a PCR 

assay capable of detecting all Babesia species (a pan-Babesia PCR 
assay), or a Babesia species-specific PCR that matches the Babesia 
(non-B. microti) antibody. The whole cell B. microti indirect fluo-
rescence antibody (IFA) assay does not detect B. duncani anti-
body, just as the whole cell B. duncani IFA assay fails to detect 
B. microti antibody [8]. Sera from B. venatorum infected patients 
will cross-react against whole cell B. divergens antigen [13].

Rationale for Recommendation: Early diagnosis of sympto-
matic patients hastens appropriate antimicrobial therapy, which 
typically reduces the severity and duration of symptoms and 
helps prevent complications [38]. A  diagnosis of babesiosis 
should be considered for any patient who presents with typical 
symptoms (especially fever, fatigue, chills, sweats, headache, 
and anorexia), characteristic routine laboratory test abnormal-
ities, and who lives in, or has traveled to a Babesia endemic re-
gion within the previous month or who has received a blood 
transfusion within the previous 6 months. Most patients who 
acquire babesiosis through blood transfusion develop symp-
toms after a 1 to 9 week incubation period but it can be can as 
long as 6 months [28].

Figure 5.  Giemsa-stained thin blood films showing Babesia microti parasites. Babesia microti are obligate parasites of erythrocytes. Trophozoites may appear as ring forms 
(A) or as ameboid forms (B). Merozoites can be arranged in tetrads (Maltese Cross forms) and are pathognomonic of babesiosis (C). Extracellular parasites can be noted, 
particularly when parasitemia is high (D) (adapted from [3]).
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Borellia burgdorferi infection is more common than B. microti 
infection but their relative frequencies vary depending on ge-
ographic area. Based on a limited number of studies in areas 
where both B. burgdorferi and B. microti are endemic, about a 
tenth (median of 11%, range 2%–40%) of early Lyme disease 
patients experience babesiosis coinfection, whereas about half 
(median of 52%, range 23%–72%) of patients with babesiosis 
are diagnosed with Lyme disease coinfection [38, 50, 65–73]. 
Lyme disease patients coinfected with B. microti may have more 
severe illness than those with Lyme disease alone [50, 65, 66]. 
Babesiosis coinfection should be considered in Lyme disease 
patients with severe illness, in those whose symptoms are un-
likely to be explained by B.  burgdorferi infection alone, or in 
those who do not respond well to standard antibiotic therapy 
for Lyme disease.

The pretest probability of babesiosis in a person who does not 
live in or has not traveled to an endemic area within the pre-
vious month is low, and testing for Babesia in such individuals is 
not warranted. The symptoms of babesiosis are nonspecific and 
often consist of fever, fatigue, chills, sweats, myalgia, headache, 
and/or anorexia [32–34, 38, 50]. Characteristic abnormalities 
on routine laboratory tests include anemia, thrombocytopenia, 
elevated liver enzymes (aspartate aminotransferase [AST], al-
anine transaminase [ALT], alkaline phosphatase), and/or 
evidence of intravascular hemolysis (elevated lactate dehy-
drogenase [LDH], elevated total and indirect bilirubin levels, 
reduced haptoglobin) [32–34, 38, 50]. Confirmation of the 
diagnosis requires identification of intraerythrocytic Babesia 
parasites on blood smear or amplification of Babesia DNA in 
blood using molecular methods such as PCR. In patients with 
symptomatic babesiosis, parasitemia usually is high enough 
that blood smear examination and PCR perform similarly.

Research Needs: Additional studies are needed to assess whether 
CBC, liver enzymes, and markers of hemolysis are clinically useful 
for screening patients prior to ordering laboratory testing specific 
for babesiosis. Additional studies also are needed to determine 
whether blood smear or PCR should be the initial test used to 
diagnose acute babesiosis and monitor patients during therapy. 
More rapid, sensitive, specific, and cost-effective diagnostic tests 
are being developed but require clinical validation [53, 54, 56, 
74–78].

II.  Can an Active Case of Babesiosis Be Diagnosed Based on a Single 
Positive Antibody Test or Is a Blood Smear, PCR, or a Four-fold Rise in 
Antibody Necessary for Confirmation?
Recommendation:

	1.	For patients with a positive Babesia antibody test, we rec-
ommend confirmation with blood smear or PCR before 
treatment is considered (strong recommendation, moderate-
quality evidence). Comment: A single positive antibody test 
is not sufficient to establish a diagnosis of babesiosis because 
Babesia antibodies can persist in blood for a year or more 

following apparent clearance of infection, with or without 
treatment.

Summary of Evidence: The IFA test is routinely used to detect 
B. microti antibody in blood [7, 30, 62]. A B. microti IgG an-
tibody titer of ≥1:1024 or the presence of B.  microti IgM an-
tibody are suggestive of active or recent B.  microti infection, 
while a 4-fold rise in Babesia IgG antibody in sera from the time 
of acute illness to the time of convalescence confirms the di-
agnosis [21, 63, 73]. Babesia. microti ELISA and immunoblot 
assays are available but have had limited use. The B.  microti 
ELISA was developed for use in blood donor screening and the 
B. microti immunoblot is cumbersome to use [64, 79].

Rationale for Recommendation: A single positive Babesia an-
tibody test result cannot reliably distinguish between an active 
and a resolved Babesia infection because Babesia antibodies can 
persist for more than a year following apparent clearance of in-
fection, with or without treatment [30, 31, 61, 80]. Treatment 
of people with a single positive Babesia antibody test result but 
with negative blood smear and/or PCR is not indicated because 
of the low probability of active infection. Antibiotic treatment 
also incurs the risk of side effects, as well as additional costs.

Research Needs: Development of antibody and/or antigen as-
says that are capable of distinguishing acute from past infection 
would improve clinical utility.

III.  What Are the Preferred Treatment Regimens for Babesiosis?
Recommendation:

	1.	We recommend treating babesiosis with the combination 
of atovaquone plus azithromycin or the combination of 
clindamycin plus quinine (strong recommendation, moderate-
quality evidence). Comment: Atovaquone plus azithromycin 
is the preferred antimicrobial combination for patients ex-
periencing babesiosis, while clindamycin plus quinine is the 
alternative choice. The duration of treatment is 7 to 10 days 
in immunocompetent patients but often is extended when 
the patient is immunocompromised (Table 1).

Summary of evidence:
Babesia microti Infection: In a prospective, nonblinded, ran-
domized trial in immunocompetent patients with non life-
threatening babesiosis due to B.  microti, atovaquone plus 
azithromycin was compared with clindamycin plus quinine 
(Table  2) [39]. All medications were prescribed orally for a 
7-day treatment course. Based on time to resolution of symp-
toms, the 2 regimens had comparable efficacy. Far fewer adverse 
effects occurred in the atovaquone plus azithromycin-treated 
group (15%) than in the clindamycin plus quinine treated group 
(72%). Persistent symptoms were severe enough in 4 of 18 pa-
tients given clindamycin plus quinine that they required hospital 
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admission after 1–2 days of treatment compared with none of 
40 patients given atovaquone plus azithromycin. In a subse-
quent retrospective study of 40 patients hospitalized because of 
severe babesiosis and treated exclusively with atovaquone plus 
azithromycin, including 11 patients who had life-threatening 
disease, the combination of atovaquone plus azithromycin was 
found to be well-tolerated and effective [40]. In some instances, 
the diagnosis of babesiosis is made after acute illness has re-
solved. Asymptomatic patients do not require antimicrobial 
therapy unless parasites are seen on thin blood smear for more 
than a month.

Numerous immunodeficiencies and comorbidities have 
been associated with severe babesiosis, including asplenia and 
hyposplenism, cancer, congestive heart failure, HIV infection, 
immunosuppressive drugs, and advanced age. Neonates may 
experience severe babesiosis after transfusion of B.  microti-
infected blood, tick transmission, or transplacental transmission 
[25–27]. The severity of babesiosis differs among these disease 
categories [3, 29, 32, 34, 38]. Some immunocompromised pa-
tients experiencing babesiosis require more intense therapy for 
longer duration than immunocompetent patients. A subgroup 
of highly immunocompromised patients reported in a case-
control study required at least 6 consecutive weeks of antibiotic 
therapy, including 2 final weeks during which parasites were no 
longer detected on peripheral blood smear [29]. Eleven of 14 
patients had B cell lymphoma or another malignancy, of whom 
8 were also asplenic, and 7 had been treated with rituximab. 
One patient had an autoimmune condition that was treated 
with rituximab, whereas another patient had low CD4 T cell 
counts due to HIV/AIDS. The duration of treatment was noted 
to be more important than the antibiotic combination used to 
achieve a cure [29]. A few cases of relapse despite at least 6 con-
secutive weeks of atovaquone plus azithromycin demonstrate 
that resistance to atovaquone and/or azithromycin can emerge 
in highly immunocompromised patients during an extended 
course of this antibiotic combination [81]. Therapeutic failure 
in these cases was attributed to amino acid substitutions in the 
regions of B. microti proteins that are targeted by atovaquone 
and azithromycin [82, 83].

Non-Babesia microti Infection
Babesia duncani. A small number of B.  duncani cases (<15) 
have been reported on the West Coast of the United States. 
Most were treated with IV clindamycin plus oral quinine for 
7–10  days [8, 9, 20, 84, 85]. The efficacy of atovaquone plus 
azithromycin in treating such infection has not been evaluated.

Babesia divergens. B. divergens infections occur sporadically in 
Europe, the United States, and mainland China. To date, more 
than 50 cases have been reported. Almost all B. divergens in-
fections have been severe and have occurred in asplenic pa-
tients [10, 11, 86, 87]. These patients usually are treated with IV 

clindamycin plus oral quinine. In Europe, exchange transfusion 
is performed early in the course of illness. Such aggressive treat-
ment is thought to have markedly reduced the mortality rate 
[11, 87].

Babesia venatorum. In Europe, all 5 cases caused by 
B.  venatorum have occurred in splenectomized patients, 3 of 
whom were being treated for lymphoma or leukemia [13, 88–
90]. Initial antimicrobial therapy consisted of clindamycin plus 
quinine or clindamycin alone. A cure was achieved only after 
administration of atovaquone plus azithromycin in 2 cases. In 
China, B. venatorum infections are endemic in the Northeast, 
have occurred in spleen intact individuals, and disease has been 
mild to moderate [14]. One case was successfully treated with 
atovaquone plus azithromycin, while others became asympto-
matic when treated with clindamycin alone [91].

Babesia crassa-like pathogen. Recently, mild to moderate ill-
ness due to a B. crassa-like pathogen was confirmed in 31 pa-
tients in northeastern China [16]. None received standard 
therapy with atovaquone plus azithromycin or clindamycin plus 
quinine. Three patients received clindamycin alone. Symptoms 
resolved by 9 months in all but 3 of the confirmed cases and no 
patient died.

Rationale for Recommendation: The most widely used an-
tibiotic therapy for ambulatory patients experiencing mild to 
moderate B. microti infection is atovaquone plus azithromycin 
given for 7–10 days because the combination is clinically effec-
tive and well-tolerated (Table  1). High doses of azithromycin 
(500–1000  mg/day) have been used for treatment of highly 
immunocompromised patients, as such doses are thought to 
accelerate the resolution of symptoms and the clearance of 
parasites, thereby reducing the risk of developing microbial re-
sistance [15, 81, 83, 92, 93]. For a few immunocompromised 
patients who experienced a relapse of symptoms while on a re-
commended 2-drug treatment regimen, eradication of Babesia 
infection has been reported using alternative antimicrobial re-
gimens (Table 3) [29, 93]. Clindamycin and quinine is a second 
choice if atovaquone plus azithromycin cannot be used because 
of side effects, limited availability, or cost. Reducing the level of 
immunosuppression is desirable whenever possible.

Patients admitted to the hospital for severe B. microti infection 
are best treated with IV azithromycin plus oral atovaquone [29, 
40]. An alternative choice is IV clindamycin plus oral quinine 
but this regimen should be reserved for patients unresponsive 
to azithromycin plus atovaquone because quinine commonly 
causes side effects [39]. Worsening of symptoms or increasing 
parasitemia despite azithromycin plus atovaquone followed by 
clindamycin and quinine should prompt consideration of an 
alternative antimicrobial regimen (Table 3). Exchange transfu-
sion may be considered for patients with severe babesiosis who 
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meet specific criteria (see Section IV below). For most patients 
admitted to the hospital with severe babesiosis, a 7–10 day anti-
biotic course is sufficient to achieve cure. The duration of anti-
biotic therapy should be extended to at least 6 weeks for highly 
immunocompromised patients, especially those with impaired 
antibody production because these patients are more likely to 
fail a standard course of antimicrobial therapy [29]. Step-down 
therapy to an all-oral antimicrobial regimen is appropriate once 
symptoms and parasitemia have abated, or at time of discharge 
(Table 1).

Research Needs: Further research is needed to define the most 
effective drug combination for severe babesiosis, especially 
in immunocompromised patients infected with B.  microti, 
B.  duncani, B.  divergens, B.  venatorum, or B.  crassa-like or-
ganisms. Research is also needed to identify alternative drug 
regimens, particularly for use in patients with suspected or 
documented microbial resistance.

IV.  Is Exchange Transfusion Indicated for Severe Babesiosis?
Recommendation:

	1.	In selected patients with severe babesiosis, we suggest ex-
change transfusion using red blood cells (weak recommenda-
tion, low-quality evidence). Comment: Exchange transfusion 
may be considered for patients with high-grade parasitemia 
(>10%) or who have any one or more of the following: severe 
hemolytic anemia and/or severe pulmonary, renal, or hepatic 
compromise. Expert consultation with a transfusion services 
physician or hematologist in conjunction with an infectious 
diseases specialist is strongly advised.

Summary of Evidence: No prospective studies have assessed 
the indications for exchange transfusion or the benefits of ex-
change transfusion for severe babesiosis or compared complete 
with partial exchange transfusion. In a report of 34 consecu-
tive patients hospitalized for babesiosis, one-fifth received 
exchange transfusion [32]. These patients had a median para-
sitemia of 20% (range 10%–30%) before exchange transfusion. 
Complicated babesiosis was associated with parasitemia >10% 
in this study (P = .08) [32] and >4% in another study (P < .001) 
[34]. In a case series of 24 patients who received exchange trans-
fusion for severe babesiosis, the median parasitemia was 13% 
(range 1.6–60%) prior to exchange transfusion and 2% (range 

0.1 to 13.8%) postexchange [94]. Hemolysis was the sole reason 
listed for exchange transfusion in over half the cases and the 
mean pre-exchange hemoglobin of those tested was 8.1 g/dL. 
Four of the 24 patients died postexchange despite low parasit-
emia (≤1%) at the time of death. In a recent retrospective study 
of 19 patients undergoing exchange transfusion, pre-exchange 
parasitemia >10% was associated with postexchange length 
of hospital stay. Postexchange parasitemia and reduction in 
parasitemia were not associated with postexchange length of 
hospital stay or mortality rate [95]. In another recent report, 
3 patients with parasitemia levels >10% were successfully man-
aged without exchange transfusion, indicating that the deci-
sion to perform exchange transfusion should not necessarily be 
based solely on the level of parasitemia but also on the clinical 
state of the patient and evidence of end-organ failure [96].

Rationale for Recommendation: Severe babesiosis can be life-
threatening and fatalities have occurred despite antimicrobial 
therapy. Exchange transfusion rapidly decreases parasitemia 
by replacing parasitized with nonparasitized erythrocytes. It 
also removes cytokines and toxic by-products of hemolysis, 
particularly free hemoglobin and free heme [97]. In cases of 
life-threatening babesiosis, the potential benefits of exchange 
transfusion likely outweigh potential adverse effects, which in-
clude transfusion reactions, worsening of thrombocytopenia, 
and complications associated with venous access devices. No 
prospective study has been performed to validate the criteria 
for initiating exchange transfusion. While most experts would 
initiate exchange transfusion for high-grade parasitemia, 
life-threatening babesiosis, or such complications as renal in-
sufficiency or failure, the efficacy of exchange transfusion in 
preventing complications or death is uncertain [41, 98].

Research Needs: Uncertainties remain regarding the indications 
for exchange transfusion and the efficacy of exchange transfu-
sion. Randomized controlled trials are needed to address the 
safety, indications, and efficacy of exchange compared with no 
exchange and the optimal volume of blood to exchange.

V.  How Should Immunocompetent and Immunocompromised Patients be 
Monitored After Babesiosis Therapy Is Initiated? How Frequently and for 
How Long?
Recommendations:

	1.	For immunocompetent patients, we recommend monitoring 
Babesia parasitemia during treatment of acute illness using 
peripheral blood smears but recommend against testing for 
parasitemia once symptoms have resolved (strong recommen-
dation, moderate-quality evidence).

	2.	For immunocompromised patients, we suggest monitoring 
Babesia parasitemia using peripheral blood smears even after 
they become asymptomatic and until blood smears are neg-
ative. PCR testing should be considered if blood smears have 

Table 3.  Antimicrobials Used for Refractory Babesia Infections with 
Limited Evidence of Efficacy

Atovaquone + azithromycin* + clindamycin

Atovaquone + clindamycin

Atovaquone/proguanil + azithromycin*

Atovaquone + azithromycin* + clindamycin + quinine

* When azithromycin is used, a 500–1000 mg daily dose should be considered.
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become negative but symptoms persist (weak recommenda-
tion, moderate-quality evidence).

Summary of Evidence: In otherwise healthy individuals, symp-
toms of babesiosis generally abate within a few days after in-
itiation of treatment. Fever and parasites on blood smear 
usually clear within a week [32, 40, 61]. Fatigue sometimes 
persists for months after a standard course of antibiotics has 
been completed and by itself is not an indication for continued 
monitoring [39, 61, 65]. Once symptoms have resolved in im-
munocompetent patients, blood smears typically are negative 
for Babesia parasites but B. microti PCR may remain positive for 
months to more than a year after completion of standard treat-
ment or for months to more than 2 years if untreated [30, 31, 
61]. Persistence of B. microti DNA after resolution of symptoms 
and completion of standard treatment usually does not indicate 
treatment failure. Relapse of symptoms rarely is observed in im-
munocompetent patients, so continuing antimicrobial therapy 
until Babesia PCR becomes negative in immunocompetent pa-
tients will often result in unnecessarily prolonged therapy and 
is not warranted [30, 31, 33, 40, 61, 99].

Immunocompromised patients who are infected with 
B. microti are at risk for high-grade parasitemia, hospitalization, 
and complications that include severe hemolytic anemia, acute 
respiratory distress syndrome, congestive heart failure, renal 
impairment, shock, disseminated intravascular coagulation, 
warm autoimmune hemolytic anemia, relapse, and/or fatal out-
come [29, 32–35, 38, 81–83, 100–103]. Immunocompromised 
patients differ in severity of immune suppression, risk of severe 
acute disease, and risk of prolonged disease with relapse. A sub-
group of highly immunocompromised patients are at risk for 
relapse despite standard antibabesial therapy [29, 83]. They in-
clude those who (i) have received or are receiving rituximab for 
B cell lymphoma or an autoimmune disorder, (ii) are receiving 
other immunosuppressive regimens for solid organ or bone 
marrow transplantation or malignancy, (iii) have malignancy 
and are asplenic, or (iv) have HIV infection with low CD4 T cell 
counts (AIDS). In these patients, persistent or intermittently 
symptomatic infection may continue for more than 2 years [29, 
101]. A retrospective case-control study of 14 such patients who 
were infected with B. microti has shown that complete cure typi-
cally requires ≥6 consecutive weeks of antimicrobial treatment, 
including 2 final weeks during which parasites are no longer 
detected on peripheral blood smear [29].

Rationale for Recommendation: Immunocompetent patients 
usually resolve most symptoms of babesiosis and blood smears 
become negative during the 7 to 10-day course of standard 
antimicrobial therapy. While fatigue and low-grade parasit-
emia detected by PCR may persist for weeks to months after 
treatment, further monitoring and treatment seldom are nec-
essary because relapse rarely occurs [30, 31, 33, 40, 61, 99]. 

Monitoring parasitemia using PCR is not indicated in asymp-
tomatic immunocompetent hosts.

Immunocompromised patients who experience severe illness 
should be monitored at least daily for the presence of Babesia 
parasites on blood smear until parasitemia has decreased to 
<4% [34]. Thereafter, blood smears should be obtained at least 
weekly until parasites are no longer detected. Blood smears 
should be obtained and/or Babesia PCR performed if symptoms 
consistent with babesiosis recur [29, 82, 83, 101].

There is no standardized approach to monitoring highly im-
munocompromised patients but close clinical and laboratory 
follow-up are important. Monitoring Babesia parasites on blood 
smear and treating them until the blood smear becomes nega-
tive is necessary. Until additional data become available, the use 
of PCR to help decide when antimicrobial therapy is discon-
tinued should be determined on a case by case basis.

Research Needs: Additional studies are needed to determine the 
frequency, efficacy, and cost-effectiveness of blood smear, PCR, 
and other laboratory testing (such as antigen detection) for 
monitoring immunocompromised hosts during and following 
antimicrobial therapy.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, so 
questions or comments should be addressed to the corresponding author.

Notes
Disclaimer. It is important to realize that guidelines cannot always ac-

count for individual variation among patients. They are assessments of cur-
rent scientific and clinical information provided as an educational service; 
are not continually updated and may not reflect the most recent evidence 
(new evidence may emerge between the time information is developed 
and when it is published or read); should not be considered inclusive of 
all proper treatments, methods of care, or as a statement of the standard 
of care; do not mandate any particular course of medical care; and are not 
intended to supplant physician judgment with respect to particular patients 
or special clinical situations. Whether and the extent to which to follow 
guidelines is voluntary, with the ultimate determination regarding their 
application to be made by the physician in the light of each patient’s indi-
vidual circumstances. While IDSA makes every effort to present accurate, 
complete, and reliable information, these guidelines are presented “as is” 
without any warranty, either express or implied. IDSA (and its officers, dir-
ectors, members, employees, and agents) assume no responsibility for any 
loss, damage, or claim with respect to any liabilities, including direct, spe-
cial, indirect, or consequential damages, incurred in connection with these 
guidelines or reliance on the information presented.

The guidelines represent the proprietary and copyrighted property of 
IDSA. Copyright 2020 Infectious Diseases Society of America. All rights 
reserved. No part of these guidelines may be reproduced, distributed, or 
transmitted in any form or by any means, including photocopying, re-
cording, or other electronic or mechanical methods, without the prior 
written permission of IDSA. Permission is granted to physicians and health 
care providers solely to copy and use the guidelines in their professional 
practices and clinical decision-making. No license or permission is granted 
to any person or entity, and prior written authorization by IDSA is required, 
to sell, distribute, or modify the guidelines, or to make derivative works of 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/72/2/e49/6012666 by guest on 31 M

ay 2026



e62  •  cid  2021:72  (15 January)  •  Krause et al

or incorporate the guidelines into any product, including but not limited 
to clinical decision support software or any other software product. Except 
for the permission granted above, any person or entity desiring to use the 
guidelines in any way must contact IDSA for approval in accordance with 
the terms and conditions of third party use, in particular any use of the 
guidelines in any software product.

Acknowledgments. The expert panel expresses its gratitude for thoughtful 
reviews of an earlier version by Drs. H. Ram Chowdri, Laura Kirkman, and 
Robert Smith. The panel also thanks Genet Demisashi, Director of Practice 
Guidelines and Quality Improvement, Standards and Practice Guidelines 
Committee, Suzanne Bradley, MD, and John Kelly, MD, from the Standards 
and Practice Guidelines Committee of the IDSA for their guidance and 
support.

Potential conflicts of interest. The following list is a reflection of what 
has been reported to the IDSA. To provide thorough transparency, the 
IDSA requires full disclosure of all relationships, regardless of relevancy to 
the guideline topic. Evaluation of such relationships as potential conflicts 
of interest is determined by a review process which includes assessment 
by the Board of Directors liaison to the Standards and Practice Guideline 
Committee and, if necessary, the Conflicts of Interest (COI) and Ethics 
Committee. The assessment of disclosed relationships for possible COI 
is based on the relative weight of the financial relationship (ie, monetary 
amount) and the relevance of the relationship (ie, the degree to which an 
association might reasonably be interpreted by an independent observer 
as related to the topic or recommendation of consideration). The reader 
of these guidelines should be mindful of this when the list of disclosures 
is reviewed. P. J. K. receives research funding from the National Institutes 
of Health (NIH), the Gordon and Llura Gund Foundation, and the Yale 
Emerging Infections Program; receives remuneration from Gold Standard 
Diagnostics for a collaborative research project; has stock in Gilead 
Sciences and First Trust NASDAQ Pharmaceuticals ETF; has received re-
search funding from NIH, the Centers for Disease Control and Prevention 
(CDC), the Gordon and Llura Gund Foundation, and L2 Diagnostics for 
NIH-sponsored research; has served as a scientific consultant and provided 
medical education and training for Oxford Immunotec, Inc.; has a patent 
pending (Enhanced Chemiluminescent enzyme-linked immunosorbent 
assay for detection of antibodies against Babesia microti), for which U.S. 
Provisional Patent Application No. 62/580,588, was filed on November 2, 
2017; serves on the Board of Directors for the American Lyme Disease 
Foundation and the Editorial Boards of Pathogens and Plos Neglected 
Tropical Diseases, the Editorial Advisory Board of Clinical Infectious 
Diseases; was on the Editorial Board of Journal of Clinical Microbiology, 
and will be on the Editorial Board of Clinical Microbiology Reviews starting 
January 2021. P. G. A. receives research funding from the Fisher Center 
for Environmental Infectious Diseases and the NIH; serves on the Board 
of Directors of the American Lyme Disease Foundation and as the Vice 
Chair of the Infectious Diseases Society of America (IDSA) Foundation; 
serves as a scientific advisor for DiaSorin, Adaptive Technologies and 
Shionogi; provides legal expert opinion testimony regarding Lyme disease; 
had stock in Johnson & Johnson; has served as an editor for John Hopkins 
POC-IT ABX Guide, an advisor for the Food and Drug Administration 
(FDA), Genentech, Dynavax, Aradigm, Cempra, BioMérieux, Cerexa, 
and Medscape; has received research funding from Cerexa; has served on 
the FDA Advisory Board, the Medscape Advisory Board, and the IDSA 
Board of Directors; and his spouse has equity interest in venture capital-
funded Capricor. J. A. B. receives research funding from the Lyme Disease 
Biobank Foundation and Zeus Scientific; serves as a scientific advisor and 
consultant to DiaSorin, Inc.; has served as a scientific advisor and con-
sultant for T2 Biosystems; has served on the scientific advisory board of 
Roche Diagnostics and AdvanDx; has received research funding from 
Karius, Inc., Alere, Inc., T2 Biosystems, BioMérieux. TBS Technologies, 
Immunetics, Inc., DiaSorin, Inc., Kephera Diagnostics, Inc., the Bay Area 
Lyme Foundation, the Lyme Disease; has participated in unfunded re-
search collaborations with Karius Inc. and Kephera Diagnostics; was a 
member of the editorial board of the Journal of Clinical Microbiology; was a 
co-inventor on an application for a patent to protect intellectual property; 
and his spouse is an employee of Informed DNA. Y. F. Y. serves as director 

of the Evidence Foundation and the GRADE Network; conducts GRADE 
workshops with the Evidence Foundation; has served as the chair of the 
Guidelines Committee for the American Gastroenterological Association; 
and has received research funding from the Cleveland VA Medical Research 
and Education Foundation. P. M. L. has received research funding from 
the National Cytomegalovirus Foundation and from the NIH and educa-
tional funding from Duke University; and has served as a consultant and 
reviewed trial protocol for Frederick O’Connor Medical Consultants, LLC. 
H. C. M. is a current member of the CDC Workgroups; serves as a vol-
unteer consultant on the American Academy of Pediatrics Committee on 
Infectious Diseases, and the NIH DSMB. S. K.  S. has received research 
funding from the NIH; and has provided expert testimony for Danaher 
Lagnese, P.C. E. V. has stock in Abbott Laboratories; has filed a patent ap-
plication related to compositions and methods for the prophylaxis and 
treatment of babesiosis (Application No: 62/939,808; has previously owned 
stock in AbbVie, Amgen, Baxter International, Bristol-Myers Squibb, 
Gilead Sciences, Johnson and Johnson, Novartis, Quest Diagnostics, and 
UnitedHealth Group; and received research funding from The Gordon 
and Llura Gund Foundation, the Dorothy Harrison Egan Foundation 
and the Global Lyme Alliance. G. P.  W. receives research funding from 
Immunetics, Inc., Rarecyte, Inc., Institute for Systems Biology, and 
Quidel Corporation; serves on the Board of the American Lyme Disease 
Foundation; provides and has previously provided expert testimony in 
malpractice cases; has stock in AbbVie, Inc. and Abbott Laboratories; 
has received research funding from the CDC, NIH, BioMérieux, Bio-Rad 
Laboratories, and DiaSorin, Inc; has served as a scientific research advisor 
for Baxter International and as a Lyme disease advisor and expert for the 
Missouri Board of Registration for the Healing Arts; has a patent approved 
(U.S. Patent No. 10,669,567 B2) for High Sensitivity Method for Early Lyme 
Disease Detection; filed two patent applications related to early Lyme di-
sease detection (Application No: 62/277,252) and Lyme arthritis and post-
treatment Lyme disease syndrome (Application No: 62/725,745); and has 
served on the Editorial Boards for Clinical Infectious Diseases, Vector-Borne 
and Zoonotic Diseases, and Ticks and Tick-Borne Diseases. All other authors 
report no potential conflicts. All authors have submitted the ICMJE Form 
for Disclosure of Potential Conflicts of Interest. Conflicts that the editors 
consider relevant to the content of the manuscript have been disclosed.

References
1.	 Clinical Practice Guidelines by the Infectious Diseases Society of America 

(IDSA), American Academy of Neurology (AAN), and American College of 
Rheumatology (ACR): 2020 Guidelines for the Prevention, Diagnosis and 
Treatment of Lyme Disease. in press.

2.	 Biggs  HM, Behravesh  CB, Bradley  KK, et  al. Diagnosis and management of 
tickborne rickettsial diseases: Rocky Mountain Spotted Fever and other spotted 
fever group rickettsioses, ehrlichioses, and anaplasmosis - United States. MMWR 
Recomm Rep 2016; 65:1–44.

3.	 Vannier E, Krause PJ. Human babesiosis. N Engl J Med 2012; 366:2397–407.
4.	 Eberly MD, Eide MB, Thompson JL, Nylund CM. Azithromycin in early infancy 

and pyloric stenosis. Pediatrics 2015; 135:483–8.
5.	 Luke DR, Foulds G, Cohen SF, Levy B. Safety, toleration, and pharmacokinetics of 

intravenous azithromycin. Antimicrob Agents Chemother 1996; 40:2577–81.
6.	 Western KA, Benson GD, Gleason NN, Healy GR, Schultz MG. Babesiosis in a 

Massachusetts resident. N Engl J Med 1970; 283:854–6.
7.	 Gray  EB, Herwaldt  BL. Babesiosis surveillance - United States, 2011–2015. 

MMWR Surveill Summ 2019; 68:1–11.
8.	 Persing DH, Herwaldt BL, Glaser C, et al. Infection with a babesia-like organism 

in northern California. N Engl J Med 1995; 332:298–303.
9.	 Conrad  PA, Kjemtrup  AM, Carreno  RA, et  al. Description of Babesia duncani 

n.sp. (Apicomplexa: Babesiidae) from humans and its differentiation from other 
piroplasms. Int J Parasitol 2006; 36:779–89.

10.	Beattie  JF, Michelson  ML, Holman  PJ. Acute babesiosis caused by Babesia 
divergens in a resident of Kentucky. N Engl J Med 2002; 347:697–8.

11.	 Zintl A, Mulcahy G, Skerrett HE, Taylor SM, Gray JS. Babesia divergens, a bovine 
blood parasite of veterinary and zoonotic importance. Clin Microbiol Rev 2003; 
16:622–36.

12.	 Hildebrandt A, Hunfeld KP, Baier M, et al. First confirmed autochthonous case of 
human Babesia microti infection in Europe. Eur J Clin Microbiol Infect Dis 2007; 
26:595–601.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/72/2/e49/6012666 by guest on 31 M

ay 2026



IDSA Babesiosis Guideline 2020  •  cid  2021:72  (15 January)  •  e63

13.	 Herwaldt BL, Cacciò S, Gherlinzoni F, et al. Molecular characterization of a non-
Babesia divergens organism causing zoonotic babesiosis in Europe. Emerg Infect 
Dis 2003; 9:942–8.

14.	 Jiang JF, Zheng YC, Jiang RR, et al. Epidemiological, clinical, and laboratory char-
acteristics of 48 cases of “Babesia venatorum” infection in China: a descriptive 
study. Lancet Infect Dis 2015; 15:196–203.

15.	 Shih CM, Liu LP, Chung WC, Ong SJ, Wang CC. Human babesiosis in Taiwan: 
asymptomatic infection with a Babesia microti-like organism in a Taiwanese 
woman. J Clin Microbiol 1997; 35:450–4.

16.	 Jia N, Zheng YC, Jiang JF, et al. Human babesiosis caused by a Babesia crassa-like 
pathogen: a case series. Clin Infect Dis 2018; 67:1110–9.

17.	 Skrabalo Z, Deanovic Z. Piroplasmosis in man; report of a case. Doc Med Geogr 
Trop 1957; 9:11–6.

18.	 Scholtens RG, Braff EH, Healey GA, Gleason N. A case of babesiosis in man in the 
United States. Am J Trop Med Hyg 1968; 17:810–3.

19.	 Diuk-Wasser MA, Vannier E, Krause PJ. Coinfection by ixodes tick-borne patho-
gens: ecological, epidemiological, and clinical consequences. Trends Parasitol 
2016; 32:30–42.

20.	 Swei A, O’Connor KE, Couper LI, et al. Evidence for transmission of the zoonotic 
apicomplexan parasite Babesia duncani by the tick Dermacentor albipictus. Int J 
Parasitol 2019; 49:95–103.

21.	 Krause  PJ, McKay  K, Gadbaw  J, et  al; Tick-Borne Infection Study Group. 
Increasing health burden of human babesiosis in endemic sites. Am J Trop Med 
Hyg 2003; 68:431–6.

22.	 Jacoby GA, Hunt JV, Kosinski KS, et al. Treatment of transfusion transmitted ba-
besiosis by exchange transfusion. N Eng J Med 1980; 303:1098–100.

23.	 Grabowski EF, Giardina PJ, Goldberg D, et al. Babesiosis transmitted by a transfu-
sion of frozen-thawed blood. Ann Intern Med 1982; 96:466–7.

24.	 Brennan MB, Herwaldt BL, Kazmierczak JJ, et al. Transmission of Babesia microti 
parasites by solid organ transplantation. Emerg Infect Dis 2016; 22:1869–76.

25.	 Fox LM, Wingerter S, Ahmed A, et al. Neonatal babesiosis: case report and review 
of the literature. Pediatr Infect Dis J 2006; 25:169–73.

26.	 Saetre K, Godhwani N, Maria M, et al. Congenital babesiosis after maternal infec-
tion with Borrelia burgdorferi and Babesia microti. J Pediatric Infect Dis Soc 2018; 
7:e1–5.

27.	 Cornett  JK, Malhotra  A, Hart  D. Vertical transmission of babesiosis from a 
pregnant, splenectomized mother to her neonate. Infect Dis Clin Pract 2012; 
20:408–10.

28.	 Herwaldt  BL, Linden  JV, Bosserman  E, Young  C, Olkowska  D, Wilson  M. 
Transfusion-associated babesiosis in the United States: a description of cases. Ann 
Intern Med 2011; 155:509–19.

29.	 Krause PJ, Gewurz BE, Hill D, et al. Persistent and relapsing babesiosis in immu-
nocompromised patients. Clin Infect Dis 2008; 46:370–6.

30.	 Moritz  ED, Winton  CS, Tonnetti  L, et  al. Screening for Babesia microti in the 
U.S. blood supply. N Engl J Med 2016; 375:2236–45.

31.	 Leiby DA, Johnson ST, Won KY, et al. A longitudinal study of Babesia microti in-
fection in seropositive blood donors. Transfusion 2014; 54:2217–25.

32.	 Hatcher  JC, Greenberg PD, Antique  J, Jimenez-Lucho VE. Severe babesiosis in 
Long Island: review of 34 cases and their complications. Clin Infect Dis 2001; 
32:1117–25.

33.	 Joseph JT, Roy SS, Shams N, et al. Babesiosis in Lower Hudson Valley, New York, 
USA. Emerg Infect Dis 2011; 17:843–7.

34.	 White DJ, Talarico J, Chang HG, Birkhead GS, Heimberger T, Morse DL. Human 
babesiosis in New York State: review of 139 hospitalized cases and analysis of 
prognostic factors. Arch Intern Med 1998; 158:2149–54.

35.	 Woolley AE, Montgomery MW, Savage WJ, et al. Post-babesiosis warm autoim-
mune hemolytic anemia. N Engl J Med 2017; 376:939–46.

36.	 Patel  KM, Johnson  JE, Reece  R, Mermel  LA. Babesiosis-associated splenic 
rupture: case series from a hyperendemic region. Clin Infect Dis 2019; 
69:1212–7.

37.	 Nassar  Y, Richter  S. Babesiosis presenting as acute liver failure. Case Rep 
Gastroenterol 2017; 11:769–73.

38.	 Mareedu N, Schotthoefer AM, Tompkins J, Hall MC, Fritsche TR, Frost HM. Risk 
factors for severe infection, hospitalization, and prolonged antimicrobial therapy 
in patients with babesiosis. Am J Trop Med Hyg 2017; 97:1218–25.

39.	 Krause PJ, Lepore T, Sikand VK, et al. Atovaquone and azithromycin for the treat-
ment of babesiosis. N Engl J Med 2000; 343:1454–8.

40.	 Kletsova EA, Spitzer ED, Fries BC, Marcos LA. Babesiosis in Long Island: review 
of 62 cases focusing on treatment with azithromycin and atovaquone. Ann Clin 
Microbiol Antimicrob 2017; 16:26.

41.	 Wormser GP, Dattwyler RJ, Shapiro ED, et al. The clinical assessment, treatment, 
and prevention of Lyme disease, human granulocytic anaplasmosis, and babesi-
osis: clinical practice guidelines by the Infectious Diseases Society of America. 
Clin Infect Dis 2006; 43:1089–134.

42.	 Graham  R, Mancher  M, Wolman  D, Greenfield  S, Steinberg  E. Clinical prac-
tice guidelines we can trust. Washington, DC: The National Academies Press, 
2011:15.

43.	 Higgins  JP, Altman  DG, Gøtzsche  PC, et  al; Cochrane Bias Methods Group; 
Cochrane Statistical Methods Group. The Cochrane Collaboration’s tool for as-
sessing risk of bias in randomised trials. BMJ 2011; 343:d5928.

44.	 Wells  GA, Shea  B, O’Connell  D, et  al. The Newcastle-Ottawa Scale (NOS) for 
assessing the quality of nonrandomised studies in meta-analyses. Available at: 
http://wwwohrica/programs/clinical_epidemiology/oxfordasp. Accessed 13 May 
2019.

45.	 Whiting PF, Rutjes AW, Westwood ME, et al; QUADAS-2 Group. QUADAS-2: a 
revised tool for the quality assessment of diagnostic accuracy studies. Ann Intern 
Med 2011; 155:529–36.

46.	 Andrews JC, Schünemann HJ, Oxman AD, et al. GRADE guidelines: 15. Going 
from evidence to recommendation-determinants of a recommendation’s direc-
tion and strength. J Clin Epidemiol 2013; 66:726–35.

47.	 Guyatt  GH, Oxman  AD, Vist  GE, et  al; GRADE Working Group. GRADE: an 
emerging consensus on rating quality of evidence and strength of recommenda-
tions. BMJ 2008; 336:924–6.

48.	 Healy  GR, Ruebush  TK 2nd. Morphology of Babesia microti in human blood 
smears. Am J Clin Pathol 1980; 73:107–9.

49.	 Pritt BS. Plasmodium and Babesia. In: Carroll KC, Pfaller MA, Landry ML, 
et  al., eds. Manual of clinical microbiology. Washington, DC: ASM Press, 
2019.

50.	 Krause  PJ, McKay  K, Thompson  CA, et  al; Deer-Associated Infection Study 
Group. Disease-specific diagnosis of coinfecting tickborne zoonoses: babesi-
osis, human granulocytic ehrlichiosis, and Lyme disease. Clin Infect Dis 2002; 
34:1184–91.

51.	 Akoolo L, Schlachter S, Khan R, et al. A novel quantitative PCR detects Babesia 
infection in patients not identified by currently available non-nucleic acid ampli-
fication tests. BMC Microbiol 2017; 17:16.

52.	 Bloch EM, Lee TH, Krause PJ, et al. Development of a real-time polymerase chain 
reaction assay for sensitive detection and quantitation of Babesia microti infec-
tion. Transfusion 2013; 53:2299–306.

53.	 Grabias  B, Clement  J, Krause  PJ, Lepore  T, Kumar  S. Superior real-time poly-
merase chain reaction detection of Babesia microti parasites in whole blood 
utilizing high-copy BMN antigens as amplification targets. Transfusion 2018; 
58:1924–32.

54.	 Hanron AE, Billman ZP, Seilie AM, Chang M, Murphy SC. Detection of Babesia 
microti parasites by highly sensitive 18S rRNA reverse transcription PCR. Diagn 
Microbiol Infect Dis 2017; 87:226–8.

55.	 Krause PJ, Telford S 3rd, Spielman A, et al. Comparison of PCR with blood smear 
and inoculation of small animals for diagnosis of Babesia microti parasitemia. J 
Clin Microbiol 1996; 34:2791–4.

56.	 Primus S, Akoolo L, Schlachter S, Gedroic K, Rojtman AD, Parveen N. Efficient 
detection of symptomatic and asymptomatic patient samples for Babesia 
microti and Borrelia burgdorferi infection by multiplex qPCR. PLoS One 2018; 
13:e0196748.

57.	 Rollend L, Bent SJ, Krause PJ, et  al. Quantitative PCR for detection of Babesia 
microti in Ixodes scapularis ticks and in human blood. Vector Borne Zoonotic Dis 
2013; 13:784–90.

58.	 Souza SS, Bishop HS, Sprinkle P, Qvarnstrom Y. Comparison of Babesia microti 
real-time polymerase chain reaction assays for confirmatory diagnosis of babesi-
osis. Am J Trop Med Hyg 2016; 95:1413–6.

59.	 Teal AE, Habura A, Ennis J, Keithly JS, Madison-Antenucci S. A new real-time 
PCR assay for improved detection of the parasite Babesia microti. J Clin Microbiol 
2012; 50:903–8.

60.	 Wang  G, Villafuerte  P, Zhuge  J, Visintainer  P, Wormser  GP. Comparison of a 
quantitative PCR assay with peripheral blood smear examination for detection 
and quantitation of Babesia microti infection in humans. Diagn Microbiol Infect 
Dis 2015; 82:109–13.

61.	 Krause PJ, Spielman A, Telford SR 3rd, et  al. Persistent parasitemia after acute 
babesiosis. N Engl J Med 1998; 339:160–5.

62.	 Krause PJ, Telford SR 3rd, Ryan R, et al. Diagnosis of babesiosis: evaluation of a serologic 
test for the detection of Babesia microti antibody. J Infect Dis 1994; 169:923–6.

63.	 Krause PJ, Ryan R, Telford S 3rd, Persing D, Spielman A. Efficacy of immunoglob-
ulin M serodiagnostic test for rapid diagnosis of acute babesiosis. J Clin Microbiol 
1996; 34:2014–6.

64.	 Levin AE, Williamson PC, Erwin JL, et al. Determination of Babesia microti sero-
prevalence in blood donor populations using an investigational enzyme immuno-
assay. Transfusion 2014; 54:2237–44.

65.	 Krause PJ, Telford SR 3rd, Spielman A, et al. Concurrent Lyme disease and ba-
besiosis. Evidence for increased severity and duration of illness. JAMA 1996; 
275:1657–60.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/72/2/e49/6012666 by guest on 31 M

ay 2026

http://wwwohrica/programs/clinical_epidemiology/oxfordasp


e64  •  cid  2021:72  (15 January)  •  Krause et al

66.	 Steere AC, McHugh G, Suarez C, Hoitt J, Damle N, Sikand VK. Prospective study of 
coinfection in patients with erythema migrans. Clin Infect Dis 2003; 36:1078–81.

67.	 Menis M, Forshee RA, Kumar S, et al. Babesiosis occurrence among the elderly 
in the United States, as recorded in large Medicare databases during 2006–2013. 
PLoS One 2015; 10:e0140332.

68.	 Meldrum SC, Birkhead GS, White DJ, Benach JL, Morse DL. Human babesiosis in 
New York State: an epidemiological description of 136 cases. Clin Infect Dis 1992; 
15:1019–23.

69.	 Rodgers  SE, Mather  TN. Human Babesia microti incidence and distribution, 
Rhode Island, 1998–2004. Emerg Infect Dis 2007;13:633–5.

70.	 Kowalski  TJ, Jobe  DA, Dolan  EC, Kessler  A, Lovrich  SD, Callister  SM. The 
emergence of clinically relevant babesiosis in Southwestern Wisconsin. WMJ 
2015; 114:152–7.

71.	 Fida M, Challener D, Hamdi A, O’Horo J, Saleh OA. Babesiosis: a retrospective 
review of 38 cases in the upper Midwest. Open Forum Infect Dis 2019; 6:ofz311. 
doi:10.1093/ofid/ofz311.

72.	 Wang  TJ, Liang  MH, Sangha  O, et  al. Coexposure to Borrelia burgdorferi and 
Babesia microti does not worsen the long-term outcome of lyme disease. Clin 
Infect Dis 2000; 31:1149–54.

73.	 Wormser GP, McKenna D, Scavarda C, et al. Co-infections in persons with early 
Lyme disease, New York, USA. Emerg Infect Dis 2019; 25:748–52.

74.	 Primus S, Akoolo L, Schlachter S, Parveen N. Screening of patient blood samples 
for babesiosis using enzymatic assays. Ticks Tick Borne Dis 2018; 9:302–6.

75.	 Thekkiniath J, Mootien S, Lawres L, et al. BmGPAC, an antigen capture assay for 
detection of active Babesia microti infection. J Clin Microbiol 2018; 56:e00067–
18. doi:10.1128/JCM.00067-18.

76.	 Cheng K, Coller KE, Marohnic CC, et al. Performance evaluation of a prototype 
architect antibody assay for Babesia microti. J Clin Microbiol 2018; 56:e00460–18. 
Available at: https://doi.org/10.1128/JCM.00460-18.

77.	 Baniecki ML, Moon J, Sani K, Lemieux JE, Schaffner SF, Sabeti PC. Development 
of a SNP barcode to genotype Babesia microti infections. PLoS Negl Trop Dis 
2019; 25:13.

78.	Blauwkamp  TA, Thair  S, Rosen  MJ, et  al. Analytical and clinical validation of 
a microbial cell-free DNA sequencing test for infectious disease. Nat Microbiol 
2019; 4:663–74.

79.	Ryan R, Krause PJ, Radolf J, et al. Diagnosis of babesiosis using an immunoblot 
serologic test. Clin Diagn Lab Immunol 2001; 8:1177–80.

80.	Ruebush TK 2nd, Chisholm ES, Sulzer AJ, Healy GR. Development and persistence of 
antibody in persons infected with Babesia microti. Am J Trop Med Hyg 1981; 30:291–2.

81.	Wormser GP, Prasad A, Neuhaus E, et al. Emergence of resistance to azithromycin-
atovaquone in immunocompromised patients with Babesia microti infection. Clin 
Infect Dis 2010; 50:381–6.

82.	Lemieux JE, Tran AD, Freimark L, et al. A global map of genetic diversity in Babesia 
microti reveals strong population structure and identifies variants associated with 
clinical relapse. Nat Microbiol 2016; 1:16079.

83.	 Simon MS, Westblade LF, Dziedziech A, et al. Clinical and molecular evidence of 
atovaquone and azithromycin resistance in relapsed Babesia microti infection as-
sociated with rituximab and chronic lymphocytic leukemia. Clin Infect Dis 2017; 
65:1222–5.

84.	Kjemtrup AM, Lee B, Fritz CL, Evans C, Chervenak M, Conrad PA. Investigation 
of transfusion transmission of a WA1-type babesial parasite to a premature infant 
in California. Transfusion 2002; 42:1482–7.

85.	Bloch EM, Herwaldt BL, Leiby DA, et al. The third described case of transfusion-
transmitted Babesia duncani. Transfusion 2012; 52:1517–22.

86.	Herwaldt BL, de Bruyn G, Pieniazek NJ, et al. Babesia divergens-like infection, 
Washington State. Emerg Infect Dis 2004; 10:622–9.

87.	Hildebrandt A, Gray JS, Hunfeld KP. Human babesiosis in Europe: what clinicians 
need to know. Infection 2013; 41:1057–72.

88.	Bläckberg  J, Lazarevic  VL, Hunfeld  KP, Persson  KEM. Low-virulent Babesia 
venatorum infection masquerading as hemophagocytic syndrome. Ann Hematol 
2018; 97:731–3.

89.	Blum S, Gattringer R, Haschke E, et al. The case: hemolysis and acute renal failure. 
Babesiosis. Kidney Int 2011; 80:681–3.

90.	Häselbarth K, Tenter AM, Brade V, Krieger G, Hunfeld KP. First case of human 
babesiosis in Germany - Clinical presentation and molecular characterisation of 
the pathogen. Int J Med Microbiol 2007; 297:197–204.

91.	Sun Y, Li SG, Jiang JF, et al. Babesia venatorum infection in Child, China. Emerg 
Infect Dis 2014; 20:896–7.

92.	Weiss LM, Wittner M, Tanowitz HB. The treatment of babesiosis. N Engl J Med 
2001; 344:773.

93.	Stowell CP, Gelfand JA, Shepard JA, Kratz A. Case records of the Massachusetts 
General Hospital. Case 17-2007. A 25-year-old woman with relapsing fevers and 
recent onset of dyspnea. N Engl J Med 2007; 356:2313–9.

94.	Spaete J, Patrozou E, Rich JD, Sweeney JD. Red cell exchange transfusion for ba-
besiosis in Rhode Island. J Clin Apher 2009; 24:97–105.

95.	Nixon CP, Park S, Nixon CE, Reece RM, Sweeney  JD. Adjunctive treatment of 
clinically severe babesiosis with red blood cell exchange: a case series of nineteen 
patients. Transfusion 2019; 59:2629–35.

96.	Saifee NH, Krause PJ, Wu Y. Apheresis for babesiosis: therapeutic parasite reduc-
tion or removal of harmful toxins or both? J Clin Apher 2016; 31:454–8.

97.	Cervera-Hernandez ME, Zaidi N, Sweeney JD. Heavy parasitemia in babesiosis 
treated without adjunctive red cell exchange. Transfus Apher Sci 2019; 58:439–41.

98.	Padmanabhan A, Connelly-Smith L, Aqui N, et al. Guidelines on the use of ther-
apeutic apheresis in clinical practice - evidence-based approach from the Writing 
Committee of the American Society for Apheresis: The Eighth Special Issue. J 
Clin Apher 2019; 34:171–354.

99.	Reubush TK 2nd, Cassaday PB, Marsh HJ, et al. Human babesiosis on Nantucket 
Island. Clinical features. Ann Intern Med 1977; 86:6–9.

100.	Lubin AS, Snydman DR, Miller KB. Persistent babesiosis in a stem cell transplant 
recipient. Leuk Res 2011; 35:e77–8.

101.	Raffalli  J, Wormser  GP. Persistence of babesiosis for >2  years in a patient 
on rituximab for rheumatoid arthritis. Diagn Microbiol Infect Dis 2016; 
85:231–2.

102.	Rosner  F, Zarrabi  MH, Benach  JL, Habicht  GS. Babesiosis in splenectomized 
adults. Review of 22 reported cases. Am J Med 1984; 76:696–701.

103.	Wudhikarn  K, Perry  EH, Kemperman  M, Jensen  KA, Kline  SE. Transfusion-
transmitted babesiosis in an immunocompromised patient: a case report and re-
view. Am J Med 2011; 124:800–5.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/72/2/e49/6012666 by guest on 31 M

ay 2026

https://doi.org/10.1093/ofid/ofz311
https://doi.org/10.1128/JCM.00067-18
https://doi.org/10.1128/JCM.00460-18﻿

