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Abstract: Babesiosis, as a vector-borne infectious disease, remains relatively rare and is prone to being overlooked and misdiagnosed. 
Therefore, understanding the epidemiological characteristics and clinical manifestations of babesiosis is crucial for the prompt 
detection and treatment of the disease. We reported a 63-year-old male patient presenting with spontaneous fever and chills. 
Laboratory investigations revealed erythrocytopenia, reduced hemoglobin levels, and increased reticulocytes and total bilirubin. 
Bone marrow examination indicated vigorous cell proliferation, a decreased granulocyte to red cell ratio, and predominant erythroid 
cell proliferation, with a higher prevalence of intermediate and late-stage juvenile granulocyte and erythroid cells. Initial treatment 
focused on hemophagocytic syndrome triggered by Epstein-Barr virus infection yielded unsatisfactory results, leading to secondary 
multiple pulmonary infections. Metagenomic next-generation sequencing (mNGS) of sputum samples pointed to hemolytic anemia 
induced by Babesia infection, which was subsequently confirmed through peripheral blood smear analysis. The patient responded well 
to prompt administration of atovaquone and azithromycin, with symptoms resolving and laboratory parameters normalizing. 
Hemolytic anemia resulting from babesiosis should be distinguished from hemophagocytic syndrome caused by Epstein-Barr virus 
and other hematologic conditions. mNGS represents an efficient technique for Babesia detection. 
Keywords: Babesia, Hemolytic anemia, mNGS, Pneumonia

Introduction
Human babesiosis is an increasingly recognized zoonotic disease with a global footprint, attributed to protozoan parasites 
of the genus Babesia, transmitted via Ixodes ticks.1–3 The infection has been mainly reported in America but also in other 
regions of the world, notably Europe, Australia, and South America.4–6 In recent years, the number of babesia infections 
in China has continued to rise, with confirmed cases reported in Beijing, Zhejiang and Fujian.7–9 The babesiosis 
specifically targets human or other vertebrate red blood cells, leading to symptoms such as intermittent fever, spleen 
enlargement, jaundice, and hemolysis.10 As a relatively rare vector-borne disease, babesiosis is susceptible to being 
overlooked and misdiagnosed in clinical practice. Hence, a thorough understanding of its epidemiological trends and 
clinical manifestations is essential for the timely detection and management of the disease.
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Case Presentation
In May 2023, a 63-year-old man presented with a fever peaking at 38°C, chills, fatigue, and poor overall well-being. 
Laboratory results indicated erythrocytopenia, with red blood cell (RBC) count at 2.2×10¹²/L, hemoglobin (Hb) at 72g/L, 
and platelet count (PLT) at 80×10B/L; reticulocyte percentage was notably high at 9.7%. Elevated levels of C-reactive 
protein (CRP) at 63.6mg/L, erythrocyte sedimentation rate (ESR) at 80mm/h, ferritin at 1469ng/mL, and lactate 
dehydrogenase (LDH) at 1103U/L were observed (Table 1). The patient tested positive for Epstein-Barr virus (EBV) 
IgM, with both urine occult blood and hemosiderin tests returning positive results. Ultrasonography revealed splenome-
galy. A bone marrow biopsy indicated active hyperplasia, with a decreased granulocyte to nucleated erythrocyte ratio, 
and erythroid hyperplasia being predominant, featuring occasionally hemophagocytic cells. Initially treated for hemo-
phagocytic syndrome induced by EBV infection, the patient received ciprofloxacin, cyclosporine, dexamethasone, and 
etoposide in local hospital. Despite some improvement, weakness persisted.

In July 2023, the patient was readmitted with a low-grade fever. Routine laboratory tests revealed the following: RBC 
count at 1.58×1012/L, Hb level at 61g/L, PLT count at 76×109/L, Reticulocyte percentage at 15.71%, CRP count at 
19.6mg/L, ESR at 66mm/h, Serum total bilirubin at 35.0μmol/L, Serum direct total bilirubin at 22.4μmol/L, and blood 
EBV DNA at 5.26×103 copies /mL (Table 1). A chest CT scan identified scattered nodules across both lungs, with 
a notably larger one located in the lower right lung (Figure 1A). Bone marrow smear analysis indicated that phagocytic 
reticulum cells constituted 0.5%, while the bone marrow biopsy did not reveal any abnormal cells. PET-CT showed that 
the metabolism of Fluoro-Deoxy-Glucose (FDG) in bone marrow cavity was slightly increased, and the spleen was full 
with FDG metabolism. Although lymphoma could not be entirely ruled out based on the existing diagnostic evidence, the 
primary concern was hemolytic anemia in conjunction with the confirmed EBV infection. Consequently, the patient 

Table 1 Clinical Blood Biochemistry Tests

Variable Normal Range Detection Time

May 2023 Jul 2023 Sep 2023 Jan 2024

Leukocyte Count, 10E9/L 3.5–9.5 6.09 5.91 9.83 4.89
Lymphocyte Count, 10E9/L 1.1–3.2 1.72 0.80 1.2 1.93

Monocytes Count, 10E9/L 0.1–0.6 1.44 0.44 0.71 0.77

Red Blood Cell, 10E12/L 4.09–5.74 2.20 1.58 1.81 4.73
Hemoglobin, g/L 130–175 72 61 63 149

Platelet count, 10E9/L 125–350 80 76 206 172
Reticulocyte Percentage, % 0.5–1.5 9.7% 15.71 15.80 ND

C-reactive Protein, mg/L 0.00–5.00 63.6 19.6 76.2 0.84

Erythrocyte Sedimentation Rate, mm/h 0–15 80 66 99 ND
Thrombin Time, s 14.5–21.5 14.5 14.7 14.8 16.4

Prothrombin Time, s 10.0–13.5 12.5 11.3 12.6 10.7

Fibrinogen, g/L 2.00–4.00 4.96 4.17 5.82 2.15
D-dimer, μg/L FEU 0–700 ND 1010 1670 ND

Ferritin, ng/mL 7.0–323.0 1469 1517 3127.19 ND

Albumin, g/L 40–55 ND 27 ND 47.1
Alanine Transaminase, IU/L 9–50 ND 53 115 23

Aspartate Transaminase, IU/L 15–50 ND 88 68 26

Blood Urea Nitrogen, mmol/L 3.1–8.0 ND 10.1 ND 8.04
Serum Total Bilirubin, μmol/L 0.0–26.0 ND 35.9 28.3 7.6

Serum Direct Total Bilirubin, μmol/L 0.0–8.0 ND 22.4 14.8 2.1

Creatine Kinase, IU/L 40–200 115 34 38 ND

Creatine Kinase-MB, IU/L 2–25 ND 16 19 ND

Lactate Dehydrogenase, IU/L 120–250 1103 2198 2769 ND

Interleukin-6, pg/mL 0–5.30 67.7 8.17 28.19 ND
Interleukin-10, pg/mL 0–4.91 ND 63.4 112.37 ND

Abbreviation: ND, No Detection.
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received treatment with dexamethasone and cyclosporine to manage the hemolytic condition, in addition to galiximab, 
before being discharged.

In September 2023, the patient was rehospitalized due to an exacerbation of symptoms, including a severe cough with 
sputum production, chest tightness, and acute shortness of breath following physical activity. Laboratory investigations 
showed RBC count of 1.81×1012/L; Hb level at 63g/L; PLT count at 206×109/L; Reticulocyte percentage at 15.8%; CRP 
level at 76.2mg/L and ESR at 99mm/h (Table 1). A CT scan of the lungs revealed a new mass in the upper lobe of the 
right lung (Figure 1B). Tests for fungal and bacterial infections, including fungal culture, bacterial culture, TB smear, 
Cryptococcus neoformans capsular antigen, Mycobacterium tuberculosis DNA, respiratory virus screening, and fungal 
immunofluorescence staining, returned negative results. Metagenomic next-generation sequencing (mNGS) of sputum 
identified Babesia microti, Nocardia cyriacigeorgica, Pneumocystis yersii, and human herpesvirus. Additional mNGS 
testing of alveolar lavage fluid and blood samples also detected Babesia microti (Figure 2). Examination of a peripheral 
blood Giemsa smear showed 27.9% parasitaemia with Babesia microti (Figure 3).

Upon inquiring about the patient’s history of exposure, it was discovered that the patient had been bitten on the neck 
by ticks six months earlier while working in a mountainous area, though no significant bite marks or lesions were 
observed, and no treatment had been administered at that time. Treatment was initiated with atovaquone 750 mg orally 
Q12h plus azithromycin 500 mg intravenous injection Q24h for Babesia, sulfamethoxazole-trimethoprim for 
Pneumocystis jirovecii and Nocardia, along with human immunoglobulin to bolster immunity. Following this regimen, 
the chest CT scan in November 2023 and routine laboratory tests in January 2024 both showed that the patient had 
recovered.

Discussion and Conclusions
Babesiosis is a zoonotic disease caused by Babesiosis parasitizing mammalian red blood cells.1,10 The primary pathology 
of Babesiosis is the destruction of the host’s red blood cells. Most cases are transmitted through tick bites, but can also 
lead to person-to-person infection through blood transfusion and vertical transmission.11,12 The clinical symptoms of 
human babesiosis depend on the species of babesiosis and the immune status of the host, and can be asymptomatic, 
subclinical infection and acute explosive infection. Hemolytic anemia may manifest when the infection rate of RBCs 
exceeds 10%.13 Severe cases, typically in immunocompromised individuals, can lead to hemolytic anemia, central 
nervous system involvement, secondary disseminated intravascular coagulation, multiple organ failure, and other life- 
threatening complications.14,15

Diagnosing babesiosis is essential for treatment and disease control. Currently, microscopic detection of primordium 
babesiae is considered to be the gold standard for diagnosis of the disease, however, it requires high experience of the inspectors 
and is prone to false negatives in chronic or subclinical infections.16,17 Antibody and PCR detection are promising diagnostic 
avenues for babesiosis, but because babesia infections are rare, clinical laboratories rarely prepare relevant detection kits.18,19 In 
this study, we identified the pathogen through mNGS. mNGS is a nucleic acid detection technology that does not rely on 
microbial culture, especially in the identification of rare, new and mixed infection pathogens.20 The process included nucleic 

Figure 1 Chest CT of the patient (July 2023 in (A) picture, September 2023 in (B) picture, November 2023 in (C) picture, red arrows indicate pulmonary mass shadow).
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acid extraction, library construction, sequencing, bioinformatics analysis, and result interpretation. Detailed experimental 
parameters and quality controls are comprehensively covered in our previous studies.21–23 We primarily used the QIAamp® 

nucleic acid extraction kits to extract nucleic acids. The Nextera XT DNA Library Prep Kit (Illumina, San Diego, CA) was used 
for library construction. Sequencing was performed on the Illumina Nextseq CN500 platform using SE-75 or SE-50 protocols, 
generating approximately 20 million reads per sample. Low-quality reads were filtered out, and human sequences were removed 
using a predefined bioinformatics pipeline, followed by alignment to a specialized microbial database for species identification. 
Result interpretation guidelines are outlined in our previous work.21 For Babesiosis detection, specific non-repeating reads 
greater than 5 were reported as detected. If fewer than 5 reads were found, repeat testing was required. A positive result on 
retesting confirmed detection, while a negative result led to further assessment based on the patient’s medical history and clinical 
judgment. The reported unit for detected pathogens is SMRN (reads per pathogen at a sequencing depth of 20 million reads).21

The American Infectious Diseases Society’s guidelines recommend treating mild to moderate babesiosis with oral 
medications for 7–10 days, either atovaquone with azithromycin (preferred) or clindamycin with quinine (alternative). 
For severe patients, azithromycin intravenous drip combined with atovaquone oral (preferred) or clindamycin intrave-
nous drip combined with quinine oral (alternative) can be transferred to oral therapy after symptom improvement. 
Treatment duration is typically 7–10 days but may extend if parasitemia or symptoms persist. Severely immunocom-
promised patients should continue treatment for 2 weeks post-negative blood smear, totaling at least 6 weeks. For 
patients with high parasitemia, severe hemolytic anemia, immunodeficiency, or organ failure, red blood cell exchange is 

Figure 2 Genomic coverage maps of Babesia detected by mNGS in different sample types (A): sputum, (B) bronchoalveolar lavage fluid, (C) blood).
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a crucial rescue strategy.24,25 In this study, we used atovaquone combined with azithromycin to treat Babesia, and the 
peripheral blood smears were normal after treatment.

This case involved a patient with a history of insect bites presenting with fever, fatigue, and poor tolerance, characterized 
mainly by hemolytic anemia and hematuria, alongside decreased erythrocytes, low hemoglobin, and elevated reticulocytes, 
accompanied by hemophagocytic syndrome. Babesiosis was diagnosed through mNGS and peripheral blood smear, with mNGS 
also confirming multi-pathogen mixed infection pneumonia. In addition, the use of immunosuppressive therapy to consider 
hemophagocytic syndrome before the etiology of the disease is not clear, delaying the treatment of the disease. Therefore, for 
patients with relevant epidemiological history, combining traditional detection methods with mNGS for pathogen identification 
is crucial, alongside monitoring the patient’s immune status and potential complications for timely intervention and treatment.
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Figure 3 Microscopic examination of Giemsa stained peripheral blood smears, shows 27.9% parasitaemia with Babesia microti (red arrows indicate intraerythrocytic ring forms).
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