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ABSTRACT 

Babesiosis is an emerging parasitic, anthropo-zoonotic tick-borne disease, seldom diagnosed in humans. 
Caused by Protozoa, Babesia (also called Piroplasma) intraerytrocytic piriform microorganism. Infection of 
vertebrates is transmitted by ticks. Out of more than 100 Babesia species/genotypes described so far, only some 
were diagnosed in infected humans, mostly B. microti, B. divergens and B. venatorum (Babesia sp. EU1). In-
fection in humans is often asymptomatic or mild but is of a particular risk for asplenic individuals, those with 
congenital or acquired immunodeficiencies, and elderly. Infections transmitted with blood and blood products 
raise concerns in hemotherapy. Epidemiological situation of babesiosis varies around the world. In Europe, no 
increase in the number of cases was reported, but in the USA its prevalence is increasing and extension of en-
demic areas is observed.

The aim of this publication is to describe the problems connected with the current epidemiological situation, 
diagnosis and treatment of human babesiosis with regard to clinical status of patients.
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Babesiosis is a new emerging, anthropo-zoonosis, 
a parasitic disease caused by protozoa of the genus 
Babesia, also called Piroplasma due to the pear-shaped 
appearance of trophozoites at one of the life cycle stages. 
They are small organisms (ø = 1–5 µm) that invade 
erythrocytes. There are two hosts in the life cycle of 
these parasites: ticks, mainly Ixodidae, are the definitive 
host and various vertebrates, including humans, which 
are intermediate host.

Until now, more than 100 Babesia species and 
genotypes were documented (1, 2, 3), but only few 
were reported as pathogenic for humans. In humans, 
the most prevalent are infections caused by Babesia mi-
croti and less frequently – B. divergens, B. duncani or 
B. venatorum (formerly known as Babesia sp. EU1) (4). 
Infections in humans are associated with an increased 
activity of ticks, but sometimes, rather rarely, through 
transfusion of infected blood, blood products or trans-
plantation of infected organ (2). Cases of congenital 
babesiosis were also documented (5).

PREVALENCE OF BABESIOSIS

Babesiosis is noted worldwide. In the North Amer-
ica, infections with B. microti predominate, where the 
tick Ixodes scapularis is the vector of the pathogen. In 
other continents, B. microti is also common as a parasite 
of rodents, however, infections in humans caused by 
this species are rare. Infections introduced by persons 
returning from endemic areas elsewhere, were noted 
so far mainly the USA (6). CDC (Centers for Disease 
Control and Prevention) epidemiological data suggest 
a geographical expansion and stable increase in the 
number of Babesia infections. In 2011–2013, a total of 
3797 new cases were reported in the USA (7).

In the tropical and subtropical countries, where 
malaria is common, babesiosis rarely is diagnosed. 
Probably, it occurs much more frequently as it was 
demonstrated by the results of the studies conducted in 
2012–2013 in China in patients presenting with fever 
and living in the Yunan County. From a detailed analysis 
of 449 cases, 8 infections with B. microti and 2 co-
infections were identified, i.e. B. microti/Plasmodium 
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falciparum and B. microti/Plasmodium vivax. Infection 
only by Plasmodium spp. (mainly P. vivax and P. falci-
parum) alone was detected in 63 persons (8).

B. divergens is the most common etiological agent 
of babesiosis in Europe (1) and Ixodes ricinus is the 
vector. This tick is prevalent in the whole northern 
hemisphere. It may also transmit B. microti as well as 
B.  venatorum which are pathogenic for humans (9). 
Literature data provide descriptions of about 50 cases 
of confirmed babesiosis which were reported in the 
European countries, mainly in patients with a history 
of splenectomy or with impaired immunity (1, 2, 10, 
11). Infections with B. venatorum (formerly known as 
Babesia sp. EU1) were more commonly reported (12). 
So far, one case of symptomatic infection with B. microti 
imported from Brasil (13) and some asymptomatic cases 
were noted in Poland (14).

LIFE CYCLE OF BABESIA

Following the invasion of the intermediate host 
bloodstream, Babesia sporozoites enter the red blood 
cells. They achieve trophozoite stage there, proliferate 
in schizogonic divisions and mature to the stage of 
merozoites (12). Red blood cells collapse and released 
merozoites enter new red blood cells. This cycle is 
repeated. Having entered the red blood cells, a part of 
merozoites differentiate into gametocytes which are in-
fective for the tick. In the tick gut, gametocytes released 
from the digested red blood cells develop into gamonts 
(gametes) which then form zygotes in a reproductive 
cycle. Zygotes mature to the stage of ookinete which 
is able to move, and consequently, allows the pathogen 
to enter the hemolymph from the tick gut. The hemo-
lymph transports the ookinetes to different parts of tick 
organism, including salivary glands, where the next 
stage of life cycle may be observed, i.e. sporogony, in 
which sporozoites infective for intermediary hosts are 
formed (15). It was demonstrated that transmission of 
B. microti from the tick occurs 24 hours following its 
feeding. This process has not been studied with other 
Babesia species (16).

TRANSFUSSION-TRANSMITTED 
BABESIOSIS

Babesiosis, transmitted through infected blood 
and blood products, constitutes a serious problem. The 
blood cell, being an environment for the development 
of Babesia, is a niche which increases the probability of 
pathogen transmission during transfusion. It was dem-
onstrated experimentally that the piroplasmas survive 
in the erythrocytes outside the host organism. Studies 

were conducted under conditions providing additional 
stress for the red blood cells, i.e. in tubes containing 
anticoagulant (EDTA), not in the specific bags that 
increase the red blood cells survival by optimizing gas 
exchange. Under experimental conditions, B. microti 
remained alive for at least 21 days in tubes stored at 
4°C (17). It was also determined that Babesia survive 
process of cryo-conservation of blood preparations (18). 

An infective dose, which may cause the disease, is 
relatively low. Administration of 30 infected red blood 
cells caused babesiosis in 40% of healthy hamsters 
while 10-fold higher dose resulted in infection of 100% 
of studied animals (4).For individuals with an impaired 
immunity system, even single erythrocyte containing 
pathogens, may be a potential source of babesiosis 
(19). In such persons, an exceptionally severe mani-
festation of infection was observed, i.e. resistant to a 
standard chemotherapy, usually resulting in death (20). 
In 2005–2008, 12 fatal cases of transfusion-transmitted 
babesiosis were registered in the USA (4, 19). It is sug-
gested to include tests for babesiosis in the differential 
diagnosis of transfusion-associated anemia or fever of 
unknown origin (5).

CLINICAL MANIFESTATIONS 
OF BABESIOSIS

Usually, clinical symptoms appear between weeks 
1 and 4 following the bite of tick infected with Babesia 
(2). For transfusion-transmitted babesiosis, this period 
may be extended up to 9 weeks and even up to 6 months 
in extreme cases (5).

Initially, disease is manifested by general malaise 
and fatigue. Then, influenza-like symptoms appear, 
including: fever, chills, sweating, joint and muscle pain 
(4, 21). These symptoms are similar to malaria. and 
many other infectious diseases. Along with the exacer-
bation of symptoms, hemolytic anemia, intravascular 
coagulopathy, hepatomegaly and splenomegaly may 
occur. Babesiosis complications may include respira-
tory distress syndrome, heart failure, inflammation of 
the central nervous system and even death in extreme 
cases (2, 16).

Complete blood count reveals the disorders of 
parameters resulting from excessive erythrocyte ly-
sis. Low hematocrit, low hemoglobin concentration, 
thrombocytopenia and reticulocytosis are observed. 
Biochemical examination reveals an increased activities 
of transaminases, alkaline phosphatase, indirect biliru-
bin and lactate dehydrogenase (2, 10, 22).

In immuno-competent individuals, symptoms usu-
ally resolve within a few weeks without any treatment, 
however, malaise and fatigue may persist for even sev-
eral months. Severe manifestations of disease, which 
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require hospitalization, and babesiosis fatal cases are 
reported in patients with considerably impaired im-
munity. Immunosuppressed patients, individuals with a 
history of splenectomy, those with hemoglobinopathy, 
suffering from malignant tumors, infected with HIV 
and persons at advanced age are at the risk of severe 
babesiosis (23).

Babesiosis course and its prognosis are dependent 
on the immunological status of the patient as well as 
Babesia species which caused the disease. Infection 
with B.  venatorum is usually of mild to moderately 
severe course, with a good prognosis also for asplenic 
patients and those with autoaggressive diseases (12, 
24), while infection with B. divergens is frequently of 
fulminant. Life-threatening symptoms appear immedi-
ately (2, 10, 11). The majority of fatal infections with 
B. divergens resulted in death within 4–7 days following 
the onset of symptoms of hemoglobinuria or multiple 
organ dysfunction syndrome (2, 21, 25, 26).

Undiagnosed Babesia infections may co-exist with 
other tick-transmitted diseases, resulting in exacerbation 
and disturbances in the course of disease. Co-infection 
with Babesia was identified in 10% of patients with 
Lyme disease from the New England (USA) (27). Thus, 
in the USA, on babesiosis endemic territories, patients 
with borreliosis accompanied by complications are 
recommended to undergo laboratory testing for Babesia 
infection and antiprotozoa therapy is also indicated (22).

LABORATORY DIAGNOSIS OF BABESIOSIS

Babesiosis case is considered to be confirmed if 
pathogen or its genetic material is detected in peripheral 
blood. Microscopic examinations of peripheral blood 
smears are most frequently performed in the laboratory 
diagnosis. Percentage of infected red blood cells in 
patients is usually low. It rarely exceeds 5% in immu-
nocompetent persons, but, in case of asplenic patients 
it may amount to 85% (28).

In the diagnosis of babesiosis in the USA, commer-
cial serological tests are used, e.g. immunofluorescence 
assay (IFA) for the presence of IgM and/or IgG antibo
dies against B. microti. Due to a high species specificity 
of Babesia antigens, these tests are hardly applicable in 
Europe, where infections in humans are mostly caused 
by the B. divergens and B. venatorum. Serological tests 
are not recommended to be used in the case of persons 
with impaired immunity system as false negative test 
results may appear. In case of patients with bacterial, 
viral infections, autoimmune disorders of connective 
tissue, infected with Plasmodium or Toxoplasma gondii, 
false positive test results may occur (2, 29).

To confirm babesiosis, a biotest was also performed, 
consisting in the inoculation of patient’s blood to the 

peritoneum of laboratory rodent. Nowadays, such 
method is hardly employed due to its low efficiency and 
long period of waiting for the test result, amounting to 
about 2–4 weeks (2, 30).

Currently, polymerase chain reaction (PCR) is a 
reference method for diagnosis of babesiosis (31). PCR 
is recommended if the species of pathogen cannot be 
identified based on the blood smear or if the diagnosis is 
uncertain and medical interview and clinical symptoms 
are indicative of babesiosis (2). In Europe, certified 
commercial PCR tests intended for the laboratory di-
agnosis of human babesiosis are not accessible. Having 
considered the tests elaborated by reference laboratories 
for their own purposes, a gene sequence encoding for 
small ribosomal subunit (18S rRNA) of Babesia is the 
most frequently employed genetic marker of babesiosis. 
PCR sensitivity for the 18S rRNA gene was assessed 
at 5–10 pathogens/1µl of blood which corresponds to 
0.0001% parasitemia (32).

Based on the initiative of the National Chamber of 
Laboratory Diagnosticians (NCLD), the Recommen-
dations of the Working Group concerning laboratory 
diagnosis of tick-borne diseases, including babesiosis 
were issued in 2014. Document, which is accessible on 
the NCLD website in the section Recommendations, 
contains information on the infections with Babesia and 
methods of babesiosis diagnosis together with a list of 
reference laboratories performing laboratory testing for 
babesiosis in our country (www.kidl.org.pl).

The recommendations regarding the diagnostic 
algorithm for cases suspected of babesiosis are on 
Figure 1.

TREATMENT 

The majority of recommendations and indications 
for the treatment of human babesiosis are with regard 
to the infections caused by B. microti or B. divergens. 
Antimalaria drugs and some antibiotics are used in 
chemotherapy. A list of drugs of choice includes: 
atovaquone, azithromycin, clindamycin and quinine. 
Due to a possibility of antimicrobial resistance of Babe-
sia, it is recommended to initiate combination therapy 
with the use of quinine preparations with clindamycin 
or atovaquone with azithromycin (9, 33). Drugs are usu-
ally administered for 7 to 10 days. However, in about 
1/3 of patients, side effects of chemotherapy may be so 
strong that it is necessary to modify the therapy regi-
men or considerably reduce the dosage. Drugs which 
are associated with fewer side effects may not always 
be used in the treatment of babesiosis with an example 
being chloroquine. It causes fewer side effects compared 
to quinine, however, it is ineffective in the treatment of 
babesiosis caused by B. microti (34).
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Antiprotozoal and antibacterial drugs, including: 
primaquine, quinacrine, pyrimethamine, sulfadoxine-
pyrimethamine, artesunate, sulfadiazine, tetracycline, 
minocycline, pentamidine or trimethoprim-sulfameth-
oxazole were ineffective in the treatment of babesiosis 
caused by B. microti and B. divergens (25, 33). Indica-
tions for combination therapy are the moderate and 
severe cases as well as the asymptomatic carriage with 
parasitemia lasting for more than 3 months (18, 25). In 
severe cases additionally, exchange transfusions may 
be indicated (26).

Still little is know about the susceptibility of B. 
duncani, B. venatorum and B. divergens-like in the USA 
and Europe whose pathogenic potential for humans was 
confirmed relatively recently (1, 25). However, there is 
no convincing evidence that considerable differences 
exist in the susceptibility of these pathogens to the drugs 
used in the therapy of B. microti infection (1, 12, 15, 
25). So far, the duration of treatment is not determined. 
Furthermore, the processes of drug resistance of B. 
duncani, B. venatorum, and B. divergens-like were not 
studied (12).

Babesia may be present in the peripheral blood of 
patients for some time after the termination of chemo-
therapy. In case of patients with symptomatic babe-
siosis, who are treated with clindamycin and quinine, 
pathogens were still detectable up to 16 days. Untreated 
asymptomatic, ‘silent babesiosis’ may last for a number 
of months (29).

SUMMARY 

Epidemiological situation of babesiosis varies 
worldwide and is a subject to continuous changes. In 
the UE countries, no increased incidence of human ba-
besiosis is reported, however, there is a high prevalence 
of borreliosis which is transmitted by ticks. Recently, 
a nationwide obligation was introduced in the USA 
to register babesiosis due to a constant increase in the 
number of cases and extension of territories in which 
infections are frequently reported. 

So far, no effective vaccine against babesiosis was 
developed. As with other tick-borne disease, prevention 

Figure 1.	Diagnostic algorithm for suspicion of babesiosis in patients from risk groups, i.e.: (I) individuals living in endemic 
areas or returning from such areas, (II) patients who had blood transfusion within 6 months since the onset of 
symptoms, (III) patients with Lyme disease or anaplasmosis, poorly responding to standard treatment or presenting 
more intense symptoms than usually observed in such cases, based on Vannier and Krause (2012) (2).
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of infections with Babesia consists in the usage of per-
sonal protective equipment during activities undertaken 
on forest or grassy areas. Interventions in the natural 
environment through intensification of farming, land 
amelioration or river management favour the increase 
in the number of Babesia vectors and may lead to a 
more frequent occurrence of human babesiosis, also 
in Europe. 

In Poland, the testing for babesiosis is recommended 
for a person with clinical symptoms of the disease 
returning from babesiosis endemic areas. Testing for 
babesiosis should be also considered in case of patients 
with Lyme disease of acute, atypical course, poorly 
responding to standard treatment.

REFERENCES 

	1.	 Gray J, Zintl A, Hildebrandt A, Hunfeld KP, Weiss 
L. Zoonotic babesiosis: overview of the disease and 
novel aspects of pathogen identity. Ticks Tick Borne Dis 
2010;1:3–10.

	2.	 Vannier E, Krause PJ. Human babesiosis. N Engl J Med 
2012;366:2397–2407.

	3.	 Yabsley MJ, Shock BC. Natural history of Zoonotic 
Babesia: Role of wildlife reservoirs. Int Parasit Parasit 
Wildlife. 2013;2:18–31.

	4.	 Leiby DA. Transfusion-transmitted Babesia spp. bull’s-
eye on Babesia microti. Clinical microbiology reviews 
2011;24(1):14–28.

	5.	 Herwaldt BL, Linden JV, Bosserman E, et al. Transfu-
sion-associated babesiosis in the United States: a descrip-
tion of cases. Ann Intern Med 2011;155:509–519.

	6.	 Poisnel E, Ebbo M, Berda-Haddad Y, Faucher B, Bernit 
E, Carcy B, Piarroux R, Harle JR, Schleinitz N. Babesia 
microti: an unusual travel-related disease. BMC Infect 
Dis 2013;13:99.

	7.	 http://www.cdc.gov/parasites/babesiosis/data-statistics.
html

	8.	 Zhou X, Li S-G, Chen S-B, Wang J-Z, Xu B, Zhou H-J, 
Ge H-XZ, Chen J-H, Hu W. Co-infections with Babesia 
microti and Plasmodium parasites along the China-
Myanmar border. Inf Dis Pover 2013;2(1):2–24.

	9.	 Hildebrandt A, Tenter AM, Straube E, Hunfeld KP. Hu-
man babesiosis in Germany: Just overlooked or truly 
new? Int J Med Microbiol 2008;298:336–346.

10.	 Haapasalo K, Suomalainen P, Sukura A, Siikamaki H, 
Jokiranta TS. Fatal babesiosis in man, Finland, 2004. 
Emerg Infect Dis 2010;16:1116–1118.

11.	 Martinot M, Zadeh MM, Hansmann Y, Grawey I, Christ-
mann D, Aguillon S, Jouglin M, Chauvin A, De Briel D. 
Babesiosis in immunocompetent patients. Europe Emerg 
Infect Dis 2011;17:114–116.

12.	 Herwaldt BL, Cacciò S, Gherlinzoni F, Aspöck H, 
Slemenda SB, Piccaluga PP, Martinelli G, Edelhofer R, 
Hollenstein U, Poletti G, Pampiglione S, Löschenberger 
K, Tura S, Pieniazek NJ. Molecular Characterization of 
a Non–Babesia divergens Organism Causing Zoonotic 
Babesiosis in Europe. Emerg Infect 2003;9(8):943–948.

13.	 Humiczewska M, Kuźna-Grygiel W. A case of im-
ported human babesiosis in Poland. Wiad Parazytol 
1997;43(2):227–229.

14.	 Welc-Falęciak R, Hildebrandt A, Siński E. Co-infection 
with Borrelia species and other tick-borne pathogens in 
humans: two cases from Poland. Ann Agric Environ Med 
2010;17(2):309–313.

15.	 Homer MJ, Aguilar-Delfin I, Telford SR, Krause 
PJ, Pershing DH Babesiosis. Clin Microbiol Rev 
2000;13(3):451–469.

16.	 Telford SR, Spielman A. Reservoir competence of 
white-footed mice for Babesia microti. J Med Entomol 
1993;30:223–227.

17.	 Eberhard ML, Walker EM, Steurer FJ. Survival and 
infectivity of Babesia in blood maintained at 25 C and 
2-4 C. J. Parasitol. 1995;81:790–792.

18.	 Wormser GP, Prasad A, Neuhaus E, Joshi S, Nowakowski 
J, Nelson J, Mittleman A, Aguero-Rosenfeld M, Topal 
J, Krause PJ. Emergence of resistance to azithromycin-
atovaquone in immunocompromised patients with Babe-
sia microti infection. Clin Infect Dis 2010;50:381–386.

19.	 Gubernot DM, Nakhasi HL, Mied PA, Asher DM, Epstein 
JS, et al. Transfusion-transmitted babesiosis in the United 
States: summary of a workshop. Transfusion 2009;49: 
2759–2771.

20.	 Zintl A, Mulcahy G, Skerrett HE, Taylor SM, Gray 
JS. Babesia divergens, a boine blood parasite of vet-
erinary and zoonotic importance. Clin Rev Microbiol 
2003;16;622–636.

21.	 Hunfeld KP, Hildebrandt A, Gray JS. Babesiosis: 
recent insights into an ancient disease. Int J Parasitol 
2008;38:1219–1237.

22.	 Mylonakis E. When to suspect and how to monitor ba-
besiosis. Am Fam Physician 2001;63(10):1969–1974.

23.	 Krause PJ, Daily J, Telford SR, Vannier E, Lantos P, 
Spielman A. Shared features in the pathobiology of ba-
besiosis and malaria. Trends Parasitol. 2007;23(12):605–
10.

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

25.	 Hildebrandt A, Gray JS, Hunfeld KP. Human babesio-
sis in Europe: what clinicians need to know. Infection. 
2013;41(6):1057–1072.

26.	 Zintl A, Mulcahy G, Skerrett HE, Taylor SM, Gray 
JS. Babesia divergens, a boine blood parasite of vet-
erinary and zoonotic importance. Clin Rev Microbiol 
2003;16;622–636.

27.	 Sweeney CJ, Ghassemi M, Agger WA, Persing DH. 
Coinfection with Babesia microti and Borrelia burgdor-
feri in a western Wisconsin resident. Mayo Clin Proc 
1998;73:338–341.

28.	 Vannier E, Krause PJ. Update on babesiosis. In-
terdiscip Perspect Infect Dis 2009; http://dx.doi.
org/10.1155/2009/984568.

29.	 Brasseur P, Gorenflot A. Human babesiosis in Europe. 
Mem Inst Oswaldo Cruz. 1992;87:131–132.



Wioletta Rożej-Bielicka, Hanna Stypułkowska-Misiurewicz, Elżbieta Gołąb494 No 3

30.	 Herwaldt BL, McGovern PC, Gerwel MP, Easton RM, 
MacGregor RR. Endemic babesiosis in another eastern 
state: New Jersey. Emerg Infect Dis 2003;9:184–188.

31.	 Persing DH, Mathiesen D, Marshall WF, Telford SR, 
Spielman A, Thomford JW, Conrad PA. Detection of 
Babesia microti by polymerase chain reaction. J Clin 
Microbiol 1992;30:2097–2103.

32.	 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 Micro-
biol. 2012;50:903–908.

33.	 Krause PJ, Daily J, Telford SR, Vannier E, Lantos P, 
Spielman A. Shared features in the pathobiology of ba-
besiosis and malaria. Trends Parasitol. 2007;23(12):605–
10.

34.	 Zygner W, Wiśniewski M. Tick-transmitted diseases 
which may threaten health of dogs in Poland. Wiad 
Parazytol. 2006;52(2):85–92.

Received: 12.03.2015
Accepted for publication: 4.08.2015

Address for correspondence:
Dr Elżbieta Gołąb, Professor of the NIPH-NIH
Department of Medical Parasitology 
National Institute of Public Health – National Institute of 
Hygiene
Chocimska 24
00-791 Warsaw
email: egolab@pzh.gov.pl


