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Abstract
BACKGROUND 
Visceral leishmaniasis (VL) is a parasitic disease caused by Leishmania and 
transmitted by infected sand flies. VL has a low incidence in China, and its clinical 
presentation is complex and atypical. This disease is easily misdiagnosed and can 
become life-threatening within a short period of time. Therefore, early, rapid and 
accurate diagnosis and treatment of the disease are essential.

CASE SUMMARY 
A 25-year-old male patient presented with the clinical manifestations of irregular 
fever, hepatosplenomegaly, increased polyclonal globulin, and pancytopenia. The 
first bone marrow puncture biopsy did not provide a clear diagnosis. In order to 
relieve the pressure and discomfort of the organs caused by the enlarged spleen 
and to confirm the diagnosis, splenectomy was performed, and hemophagocytic 
syndrome was diagnosed by pathological examination of the spleen biopsy. 
Following bone marrow and spleen pathological re-diagnosis and metagenomic 
next-generation sequencing (mNGS) technology detection, the patient was finally 
diagnosed with VL. After treatment with liposomal amphotericin B, the body 
temperature quickly returned to normal and the hemocytes recovered gradually. 
Post-treatment re-examination of the bone marrow puncture and mNGS data 
showed that Leishmania was not detected.

CONCLUSION 
As a fast and accurate detection method, mNGS can diagnose and evaluate the 
efficacy of treatment in suspicious cases of leishmaniasis.

Key Words: Visceral leishmaniasis; Kala-azar; Next-generation sequencing; Hemo-
phagocytic lymphohistiocytosis; Diagnosis; Case report
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Core Tip: Visceral leishmaniasis (VL) is an easily overlooked parasitic disease because 
of its low incidence and atypical clinical manifestations. Here, we report a case of 
imported VL. Initially, no Leishmania was found in the bone marrow or by spleen 
biopsy. Leishmania was finally confirmed by metagenomic next-generation sequencing 
(mNGS) analysis of peripheral blood. Finally, after treatment with amphotericin B, the 
patient recovered well, and various indicators gradually returned to normal during the 
follow-up period. As a rapid and accurate detection method, mNGS can be used as an 
alternative method to diagnose and evaluate suspicious cases.

Citation: Lin ZN, Sun YC, Wang JP, Lai YL, Sheng LX. Next-generation sequencing 
technology for diagnosis and efficacy evaluation of a patient with visceral leishmaniasis: A case 
report. World J Clin Cases 2021; 9(32): 9903-9910
URL: https://www.wjgnet.com/2307-8960/full/v9/i32/9903.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i32.9903

INTRODUCTION
Visceral leishmaniasis (VL), also known as Kala-azar, is a parasitic disease caused by 
visceral Leishmania parasites in the human body, transmitted by sand flies. Its clinical 
manifestations are long-term irregular fever, weight loss, progressive hepatospleno-
megaly and pancytopenia. It is distributed around the world and is one of the 
deadliest neglected tropical diseases[1]. Given the diversity of its clinical manifest-
ations, it is often misdiagnosed, even in countries in which it is relatively common[2,
3]. In recent years, owing to increased population mobility, imported cases have been 
reported more frequently in China. The lack of experience with VL by medical staff in 
non-epidemic areas can easily lead to missed diagnosis and misdiagnosis.

Herein, we report a case of imported VL that was initially misdiagnosed as 
hemophagocytic syndrome (HPS) on pathology, and subsequently correctly diagnosed 
using metagenomic next-generation sequencing (mNGS) technology and pathological 
follow-up. After treatment, mNGS was used to assist in the evaluation of the 
therapeutic efficacy.

CASE PRESENTATION
Chief complaints
A 25-year-old man presented with pancytopenia and hepatosplenomegaly for 5 mo.

History of present illness
At 5 mo prior, the patient presented with a 6-d history of fever and was admitted to 
Ningbo Development District Central Hospital in Ningbo, China. Physical 
examination showed splenomegaly. Laboratory testing was significant for 
pancytopenia with splenomegaly, as evidenced by leukocyte count of 2.5 × 109 cells/L 
(normal range: 3.5-9.5 × 109 cells/L), hemoglobin level of 111 g/L (normal range: 130-
175 g/L), platelet count of 78.0 × 109/L (normal range: 125-350 × 109/L), and C-reactive 
protein level of 55.80 mg/L (normal range: 0-5 mg/L). Bone marrow puncture 
examination was performed, and showed active hyperplasia but no other obvious 
abnormalities. The patient was diagnosed with splenomegaly and pancytopenia. Anti-
infective treatment was administered, and the patient’s body temperature returned to 
normal. The patient had no fever and reported no other discomfort after discharge 
from the hospital.

History of past illness
The patient’s medical history was unremarkable.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2307-8960/full/v9/i32/9903.htm
https://dx.doi.org/10.12998/wjcc.v9.i32.9903
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Personal and family history
The patient was born in Longnan, Gansu Province, which is one of the endemic areas 
of VL in China. He lived there for 18 years before moving to Ningbo, where he has 
lived for the past 6 years and worked in a factory. The patient denies exposure to 
radioactive and toxic substances. His family had no similar medical history.

Physical examination
The patient’s body temperature was 37.2°C, and he showed physical signs of anemia. 
The liver was palpable and intense splenomegaly was observed, with the spleen’s 
lower margin being located 5 cm inferior to the umbilicus.

Laboratory examinations
Abnormal laboratory test results included the following: leukocyte count of 1.6 × 109 
cells/L (normal range: 3.5-9.5 × 109 cells/L); neutrophil percentage of 69.8% (normal 
range: 40%-75%); lymphocyte percentage of 13.5% (normal range: 20%-50%); 
hemoglobin content of 86 g/L (normal range: 130-175 g/L); platelet count of 42 × 109 
cells/L (normal range: 125-350 × 109 cells/L); total bilirubin of 10.0 μmol/L (normal 
range: 3.4-20.5 μmol/L); albumin of 23.4 g/L (normal range: 40-55 g/L); 
albumin/globulin ratio of 0.32 (normal range: 1.2-2.3); alanine aminotransferase of 43 
U/L (normal range: 9-50 U/L); aspartate aminotransferase of 45 U/L (normal range: 
15-40 U/L); creatinine of 65 µmol/L (normal range: 57-97 μmol/L); lactic acid 
dehydrogenase of 243 U/L (normal range: 120-250 U/L); triglycerides of 2.02 mmol/L 
(normal range: 0-1.7 mmol/L); coagulase original time of 14.2 s (normal range: 9.4-12.5 
s); active partial clotting enzyme time of 36.7 s (normal range: 25.1-36.5 s); fibrinogen 
of 2.4 g/L (normal range: 2-4 g/L); immunoglobulin (Ig)G of 73.84 g/L (normal range: 
6.8-17.4 g/L); serum ferritin of 466.02 ng/mL (normal range: 23.9-336.2 ng/mL); 
erythrocyte sedimentation rate of 114 mm/h (normal range: 0-15 mm/h); light chains: 
Kappa of 13.20 g/L (normal range: 5.74-12.76 g/L) and Lambda of 6.71 g/L (normal 
range: 2.69-6.38 g/L). Finally, blood immunofixation electrophoresis revealed 
increased polyclonal globulin.

Imaging examinations
Enhanced computed tomography of the upper abdomen showed splenomegaly and 
displacement of viscera in the right upper abdomen under pressure (Figure 1).

Further diagnostic work-up
A bone marrow puncture was performed, with bone marrow smears. The proportion 
of plasma cells was increased (8.5%), immature plasma cells were rare (1.5%), and 
atypical lymphocytes were visible. When these results were combined with the clinical 
findings, lymphoma could not be excluded. The bone marrow immunotype was 
CD138 (+) and CD38 (+), the proportion of nucleated cells was 6.3%, and the patient 
was CD45 (+), CD19 (+), CD56 part (+), CD20 (-) and CD117 (-), which was considered 
to indicate a high proportion of plasma cells. Given that the diagnosis was unclear, 
and the massively enlarged spleen was causing a gradual decline in platelets, laparo-
scopic exploration and splenectomy were performed under general anesthesia. 
Grossly, the spleen was 28 cm × 15.5 cm × 8 cm in size, with normal surface. 
Microscopically, the red pulp was enlarged, the blood was congested, histiocytosis 
was accompanied by phagocytosis of blood cells, and the plasma cells were prolif-
erating in clusters. In combination with the immunohistochemistry findings detailed 
above, hematopoietic lymphohistiocytosis was considered, which was suspected to be 
associated with infectious factors.

FINAL DIAGNOSIS
Samples of bone marrow and spleen were sent to Renji Hospital Affiliated to Shanghai 
Jiao Tong University School of Medicine in Shanghai, China, for consultation. 
Leishmania amastigotes were found in monocytes and macrophages of the spleen and 
bone marrow samples (Figure 2). At the same time, the pathogenic microorganism 
mNGS data from the patient’s peripheral blood was submitted and verified to contain 
genomic components of Leishmania ifantum (Figure 3). A total of 23889362 reads were 
generated from mNGS sequencing with a Q30 of 94.2%, and 102 unique reads of 
Leishmania ifantum were detected. The sequencing depth of mNGS was 20 X. The 
number of mapped reads was 50-75 bp using a database covering 9945 species of 
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Figure 1  Enhanced computed tomography of the upper abdomen image showed splenomegaly (orange arrow).

Figure 2 Leishmania amastigotes (orange arrow) in bone marrow smears. Wright–Giemsa stain; magnification × 400.

bacteria, 6760 species of viruses, 1551 species of fungi, and 305 species of parasites. 
Therefore, the patient was diagnosed as VL, according to the suspicious epidemi-
ological history, clinical manifestations, and laboratory examination results.

TREATMENT
The patient was treated with liposomal amphotericin B (LamB) at 30 mg per day for 21 
d; the total dose was 630 mg for the anti-infective treatment. Diammonium glycyrrha, 
dicyclool, and polyene phosphatidylcholine were given for hepatic function 
protection.

OUTCOME AND FOLLOW-UP
The body temperature returned to normal at 7 d after treatment (Figure 4). The 
patient’s leukocytes and platelets returned to normal within 1 mo. mNGS re-
examination of peripheral blood at 1 mo after the treatment detected no pathogenic 
microorganism. After 2 mo, the liver returned to its normal size and hemoglobin levels 
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Figure 3  Metagenomic next-generation sequencing results.

Figure 4  Changes of body temperature before and after treatment with amphotericin B.

returned to normal. The decrease of globulin was relatively slow. Follow-up at 5 mo 
after the end of treatment showed globulin to be 43.4 g/L and IgG to be 2790 mg/mL, 
which was significantly lower than before treatment but still higher than the normal 
level (Table 1).

DISCUSSION
The main clinical manifestations of VL are irregular fever, hepatosplenomegaly, 
emaciation, pancytopenia, and globulin elevation. Its clinical manifestations are 
complex and atypical, and it is easily misdiagnosed as lymphoma, multiple myeloma, 
hemophagocytic syndrome, systemic lupus erythematosus, and cirrhosis, among 
others[3].

VL is a low-prevalence disease in China, with epidemic areas mainly distributed in 
Xinjiang, Gansu, Sichuan, Shaanxi, Shanxi, and other provinces (autonomous regions)
[4]. However, in recent years, owing to the increase in population mobility, imported 
cases have been increasing. Medical personnel in non-endemic areas lack an 
understanding of VL, which easily leads to failure of timely diagnosis and treatment of 
patients. A retrospective study in Brazil assessed the median time from the onset of 
clinical symptoms to the diagnosis, and determined such to be 25 d and that, on 
average, patients had to visit seven medical services to obtain an accurate diagnosis
[5]. However, in non-endemic areas, like the United Kingdom, the median time was 6 
mo[6]. Delayed diagnosis may be life-threatening and cause serious consequences. 
Therefore, early, rapid and accurate diagnosis and treatment are of vital importance.
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Table 1 Changes in patient laboratory indicators

Days of illness WBC,  109/L PLT,  109/L Hb, g/L LY, % GLO, g/L

Day 1 1.69 30 84 49.70 77.00

Day 18 3.96 127 98 58.30 83.00

Day 41 7.37 49 112 65.40 99.90

Day 66 6.34 280 95 62.80 103.10

Day 88 6.70 450 109 44.90 97.00

Day 151 8.57 377 138 44.10 58.20

Day 186 8.57 429 138 45.90 49.00

Day 221 9.04 427 148 43.80 43.40

Day 289 9.40 372 136 41.00 36.30

Normal range 3.50-9.50 125-350 130-175 20.00-50.00 20.00-40.00

GLO: Globulin; Hb: Hemoglobin; LY: Lymphocyte percentage; PLT: Platelets; WBC: White blood cells.

The patient described herein was from the endemic area of Longnan, Gansu 
Province. In line with the epidemiological characteristics of the disease, he showed 
irregular fever, hepatosplenomegaly, pancytopenia, and increased globulins. 
However, as the patient was at-present in a non-endemic area and attended the 
hematology department due to the clinical manifestations of pancytopenia and hepato-
splenomegaly, the clinical doctors did not have experience with the disease and failed 
to pay attention to the epidemiological history; this, combined with the fact that the 
initial bone marrow examination did not find Leishmania, led to the spleen excision 
pathology being considered to represent “hemophagocytic syndrome”. When the bone 
marrow and spleen pathologies were checked by Renji Hospital, however, Leishmania 
amastigotes were found, and re-examination of the mNGS data confirmed presence of 
Leishmania infantum genomic components, allowing for the final diagnosis of the 
patient’s true condition.

At first, this case was only considered as HPS, which encompasses a group of 
clinical syndromes caused by abnormal activation, proliferation, and secretion of large 
amounts of inflammatory cytokines by lymphocytes, monocytes, and macrophages, 
triggered by various factors. HPS can be divided into primary and secondary forms; 
the former is heredity, and usually occurs in infants, and the latter is often associated 
with infection, malignant tumors, and autoimmune diseases[7]. Leishmania parasites 
can stimulate the mononuclear macrophage system, causing significant proliferation 
and activation, accompanied by phagocytosis of blood cells, and can be considered as 
an infectious factor causing HPS. HPS and VL, therefore, have similar clinical 
manifestations, including fever, hepatosplenomegaly, and pancytopenia. This 
underlies the commonality of misdiagnosis and missed diagnosis. Clinicians should 
distinguish between primary and secondary HPS, and make a clear etiological 
diagnosis of secondary HPS. The possibility of VL should be considered when 
diagnosing HPS[8,9]. Treatment measures for secondary HPS should be established 
according to the primary disease; following treatment appropriate for primary HPS 
may lead to adverse outcomes.

Laboratory tests for VL include etiological examination, serum immunological 
detection, and molecular biological detection. The detection of leishmaniasis in bone 
marrow or other biological specimens is the gold standard for the diagnosis of VL, and 
is highly specific. However, the amount of parasites in the sample and the experience 
of pathologists can affect sensitivity[10-12]. Serum immunological detection aimed at 
rK39 IgG antibody detection can detect anti-leishmaniasis antibody in human serum. It 
is a routinely used method to detect VL, but the antibody level does not reflect the 
parasite load and can remain positive for months or years, precluding its utility as a 
basis for evaluation of the curative effect; moreover, it is often difficult to carry out this 
test in non-endemic areas because of a lack of rK39 test strips[10,11]. Molecular 
biological detection includes polymerase chain reaction (PCR) methodology, which 
has high sensitivity and can be used to evaluate parasite load, so it can be used as a 
means of diagnosis and evaluation of curative effect. PCR has been suggested as 
appropriate for use in the diagnosis of asymptomatic or subclinical infection and to 
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help guide prevention and control of VL[13]. However, this method is currently 
lacking in standardization and is difficult to carry out clinically.

Unlike traditional detection methods, mNGS involves sequencing nucleic acids 
directly in a sample and comparing them with the sequence of pathogens in a 
database. It is a molecular biological detection method that can sensitively identify a 
variety of different pathogens at the same time, and obtains genus information for 
suspected pathogenic microorganisms, which can be applied to the diagnosis of 
pathogens[14,15]. In an mNGS study by Zhang et al[16], all Leishmania cases were 
correctly diagnosed by this technology. For our case, during the follow-up period, the 
reduction of mNGS sequencing read abundance was consistent with the clinical 
recovery of the patient, which showed that mNGS could be used as an auxiliary 
detection method for leishmaniasis and for direct monitoring of the therapeutic effect. 
Moreover, after 7 d of treatment with LamB, the patient’s body temperature returned 
to normal, the parasites became undetectable by routine bone marrow examination 
and mNGS, and the mNGS technology was verified as an effective tool for assisted 
diagnosis and early treatment efficacy testing in VL. However, challenges such as low 
sample content, plenty of host nucleic acid, and high cost still limit the clinical use of 
NGS. Once these challenges are overcome, NGS can be more widely used in clinical 
practice[17-19].

CONCLUSION
To summarize, in general, the clinical manifestations of VL are not typical, and the 
rates of missed diagnosis or misdiagnosis are high. In clinical practice, medical 
personnel should raise their awareness of VL, and in the clinical diagnosis of HPS they 
must consider inclusion of leishmaniasis as a cause of secondary HPS. In addition, 
mNGS may be used as an auxiliary diagnostic tool and efficacy-monitoring method for 
suspected cases of VL.
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