
EXPERIMENTAL AND THERAPEUTIC MEDICINE  21:  396,  2021

Abstract. Hemophagocytic lymphohistiocytosis (HLH) is a 
rare but fatal clinical syndrome frequently complicated by 
acute kidney injury (AKI) and acute tubular necrosis. Renal 
thrombotic microangiopathy (TMA) is a specific pathological 
feature of childhood HLH and few cases have been reported 
among infants. The present study presents a rare case of 
HLH with TMA in an infant. A 15‑month‑old infant with a 
week‑long history of fever was admitted to hospital. The infant 
presented with AKI and subsequently a reduction in platelet 
and hemoglobin levels. TMA was diagnosed by kidney biopsy 
and the clinical, laboratory and bone marrow biopsy findings 
met the criteria of HLH. Due to a progressive increase in serum 
creatinine levels, hemodialysis was initiated on the second day 
following admission. Dexamethasone was administered to 
treat both the fever and HLH. The patient's body temperature 
returned to a normal range and platelet and hemoglobin levels 
were stable after 14 days of admission. Renal function stabi‑
lized on day 21. The results of genetic testing did not identify 
any disease‑related variations. Childhood HLH is a severe 
condition and mortality can be reduced by early diagnosis 
and correct treatment. For patients with HLH and AKI, the 
possible role of TMA should be considered. Renal biopsy can 
help to identify the cause of AKI and can be performed when 
the patient's condition is stable.

Introduction

Hemophagocytic lymphohistiocytosis (HLH), also known as 
hemophagocytic syndrome, is an abnormal immunoregulation 
syndrome characterized by excessive immune activation and 

hyperinflammatory disorder (1). HLH is generally divided into 
two types: Primary or familial HLH and secondary HLH (2). 
Primary or familial HLH results from genetic mutations, while 
secondary HLH occurs in infections, autoimmune diseases, 
malignancies, immunodeficiencies and organ transplanta‑
tions (2,3). The global incidence of HLH in children is 1‑1.2 per 
100,000 with a median age of onset of 1.8 years (4‑7). Mortality 
in HLH ranges from 20‑75% according to different reports, 
including children and adults (3,6). After the International 
Histiocyte Society HLH‑2004 treatment protocol was widely 
adopted, the 5‑year survival rate of patients with this condition 
increased from 54 to 66% (8). According to these standards (2), 
identification of ≥5 of the following indicators can be used to 
confirm HLH diagnosis: i) Fever; ii) splenomegaly; iii) cyto‑
penia (affecting two or three lineages; hemoglobin <90 g/l; 
platelets <100x109/l; neutrophil absolute value <1.0x109/l); 
iv)  hypertriglyceridemia (≥3  mmol/l) and/or hypofibri‑
nogenemia (≤1.5 g/l); v) serum ferritin increase (>500 ug/l); 
vi) plasma soluble CD25 [soluble interleukin (IL)‑2 receptor] 
increase (≥2,400 U/ml); vii) decrease or absence in natural 
killer (NK) cell activity; and viii) hemophagocytosis in the 
bone marrow, spleen or lymph nodes with no evidence of 
malignancy.

The onset of HLH is usually acute and the clinical 
manifestations of this critical illness are associated with 
pro‑inflammatory cytokine storms and macrophage infiltra‑
tion into tissue (9,10). Cytotoxicity of impaired NK cells is 
the hallmark of HLH pathogenesis  (11). Simultaneously, 
severe immune dysfunction contributes to excessive prolif‑
eration and persistent activation of antigen‑presenting cells, 
uncontrolled cytokine secretion and proliferation, and ectopic 
migration of macrophages and T cells (12). Moreover, the high 
levels of pro‑inflammatory cytokines, such as tumor necrosis 
factor (TNF)‑α, IL‑6, and interferon (IFN)‑γ, suppress hema‑
topoiesis and lipoprotein lipase levels, resulting in cytopenia 
and hyperlipidemia (9,10). These biological events are consid‑
ered to be the causes of multiple organ failure and the high 
mortality of HLH (13). 

Acute kidney injury (AKI) is a common complica‑
tion of HLH. The global incidence of AKI concurrent with 
HLH varies from 8‑62%, with 33.3‑59.0% of patients with 
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AKI requiring renal replacement  (14,15). Thrombotic 
microangiopathy  (TMA) is a rare disease characterized 
by microthrombus formation which obstructs the vascular 
cavity. Primary TMA can be induced by thrombotic throm‑
bocytopenic purpura (TTP) and atypical hemolytic uremic 
syndrome (aHUS). Secondary TMA is often associated with 
the Shiga toxin, due to Escherichia coli, and pregnancy‑related 
TMAs  (16‑18). However, TMA associated with AKI in 
combination with HLH is rarely reported. To the best of our 
knowledge, no reports have been published regarding infants, 
among whom this disease remains intractable (3). Due to the 
lack of characteristic clinical manifestations, providing a clear 
diagnosis of HLH remains challenging. The present study 
presents a case of HLH with TMA in an infant who showed a 
favorable prognosis after experiencing complications in diag‑
nosis and treatment.

Case report

Patient information. A 15‑month‑old male presenting with a 
weeklong fever and reduced platelet and hemoglobin levels 
was admitted to Anhui Provincial Children's Hospital (Hefei, 
China) in November 2018. No improvement was observed after 
two days of antibiotic and antiviral treatment. No significant 
past medical history or family history was recorded.

Clinical findings. On admission, the axillary temperature 
of the patient was 41˚C, and the duration of the fever was 
prolonged. The patient's parents stated that the fever was 
accompanied by a chill and a facial rash, which subsided when 
the fever retreated. Physical examination revealed pharyngeal 
congestion and paleness. 

Diagnostic assessment
Hematology test. The main features of the hematology 
test on the first day after admission indicated pancytopenia 
(hemoglobin, 9.3 g/dl; platelet count, 79x109/l; neutrophil 
count, 2.79x109/l), severe inflammation (C‑reactive protein, 
50.91 mg/l; procalcitonin, 12.16 ng/l), AKI (serum creatinine, 
188 µmol/l) and proteinuria (2+). Whole blood cell count 
decreased progressively (hemoglobin, 7.5 g/dl; platelet count, 
26x109/l; neutrophil count, 1.1x109/l).

Concurrently, the causes of persistent fever and AKI 
remained unclear with the following tests reporting negative 
results: Hemoculture, Widal reaction, rheumatoid factor, 
antinuclear antibody series, antineutrophil cytoplasmic anti‑
body, hepatitis A, hepatitis B, hepatitis C virus, syphilis, HIV, 
Legionella immunoglobulin M (IgM), mycoplasma IgM, chla‑
mydia IgM, rickettsia IgM, adenovirus IgM, respiratory and 
cytotoxic virus IgM, influenza A/B virus IgM and parainfluenza 
virus IgM. The patient tested positive for the IgG antibodies of 
Epstein‑Barr virus (EBV), cytomegalovirus (CMV) and the 
rubella virus, but the IgM antibody results were negative. In 
addition, tests for the presence of nucleic acids of EBV and 
CMV were negative. These findings suggested that the patient 
had previously contracted EBV, CMA and the rubella virus, 
but that these viruses were not active. Complement C3 and 
C4 were in the normal range (based on the observation in 
our hospital (The First Affiliated Hospital of Anhui Medical 
University, Hefei, China), C3 0.87‑1.41 g/l, C4 0.1‑0.4 g/l). 

A blood smear did not detect any malarial parasites and the 
percentage of broken red blood cells was 1.3% (detailed infor‑
mation is described in Table SI). 

Imaging examination. Low dose chest CT produced normal 
results and echocardiography did not show coronary artery 
dilation. At the acute phase, abdominal ultrasound suggested a 
diffuse enlargement of both kidneys (right kidney 104x33 mm, 
left kidney 100x32 mm), while the size of the liver and spleen 
were normal (data not shown).

Genetic testing. The strategy of genetic testing was 
whole‑exome sequencing (WES) and the report showed there 
were two lysosomal‑trafficking regulator (LYST) variants. The 
sequencing was performed by Beijing Chigene Translational 
Medicine Research Center Co., Ltd. The protocol of WES 
was as follows: i)  Sample collection. The EDTA‑treated 
peripheral blood was collected with informed consent of the 
patient's parents; ii) DNA extraction. The fetal tissue genomic 
DNA was extracted using a Blood Genome Column Medium 
Extraction kit (CW2298; CoWin Biosciences, Inc.) according 
to the manufacturer's instructions. The extracted DNA samples 
were subjected to quality control using a Qubit 2.0 fluorimeter 
and electrophoresis with 0.8% agarose gel; iii) whole exome 
library construction. Protein‑coding exome enrichment was 
performed using xGen Exome Research Panel v1.0 (Integrated 
DNA Technologies, Inc.) that consisted of 429,826 individu‑
ally synthesized and quality‑controlled probes, which targeted 
a 39 Mb protein‑coding region (19,396 genes) of the human 
genome and covered 51 Mb of end‑to‑end tiled probe space; and 
iv) sequencing. High‑throughput sequencing was performed 
using an Illumina NovaSeq 6000 series sequencer (PE150; 
Illumina, Inc.) and ≥99% of the target sequence was sequenced. 
The next step was bioinformatics analysis: i) Quality control. 
Raw data were processed by fastp for adapter removal and 
low‑quality read filtering; ii) Variant calling. The paired‑end 
reads were performed using Burrows‑Wheeler Aligner (BWA, 
version 0.7.11) to the Ensembl GRCh37/hg19 reference genome. 
Base quality score recalibration together with SNP and short 
indel calling was conducted using the Genome Analysis 
Toolkit. According to the sequence depth and variant quality, 
SNPs and indels were screened to ensure that high quality and 
reliable variants were obtained; iii) Variant annotation and 
pathogenicity prediction. The online system independently 
developed by Chigene (www.chigene.org; 12/21/2018) was 
used to annotate both database‑based minor allele frequen‑
cies (MAFs) and the American College of Medical Genetics 
and Genomics practice guideline‑based pathogenicity of every 
yielded gene variant (19). The system also provided serial soft‑
ware packages for conservative analysis and protein product 
structure prediction. 

Therapeutic intervention. Initially, ceftriaxone and ganciclovir 
were administered due to the persistent fever. On the second 
day after admission, AKI was diagnosed by hematological 
parameters according to the Kidney Disease Improving Global 
Outcomes (KDIGO) AKI criteria of 2012 (20) of an increase in 
serum creatinine (Scr) within 48 h >26.5 µmol/l or Scr within 
7 days up to 1.5 times that of the base value. Indicators for 
infection, such as C‑reactive protein and procalcitonin levels, 
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increased progressively. Therefore, hemodialysis was initiated 
and antibiotics were upgraded to meropenem and teicoplanin. 
Human serum albumin, intravenous immunoglobulin (IVIG), 
plasma and suspended red blood cell transfusion were adminis‑
tered to stabilize hemodynamics and low‑dose dexamethasone 
(0.1‑0.3 mg/kg/day) was used as an anti‑inflammatory and for 
suppression of the immune response.

Follow‑up and outcomes. Serum ferritin levels increased 
progressively, from 950 to 2,237 µg/l within 6 days and serum 
IL‑2 receptor levels were >7,500 U/ml (normal range based on 
the observation in our hospital (The First Affiliated Hospital 
of Anhui Medical University, Hefei, China), 223‑710 U/ml). 
The infant's fibrinogen levels sharply decreased from 4.27 g/l 
on the third day of admission to 1.66 g/l on the 26th day 
(normal range based on the observation in our hospital (The 
First Affiliated Hospital of Anhui Medical University, Hefei, 
China), 2‑4 g/l). Triglyceridemia increased progressively, from 
1.75 to 5.07 mmol/l. Moreover, NK cell count was initially 
normal, but decreased in the convalescent phase. Concurrently, 
the number of reticulocytes initially appeared to reduce but 
increased during the recovery period. Urine protein was 
between 2+ and 3+ throughout the period. 

Imaging examination. During the recovery period, an abdom‑
inal ultrasound before discharge showed that the kidneys were 
in a recovery period from diffuse renal disease (right kidney 
90x32 mm, left kidney 82x33 mm; data not shown).

To establish the pathogenesis of the fever, a bone marrow 
biopsy was performed on the sixth day of admission. Informed 
consent for this procedure was obtained from the patient's 
parents. A syringe was used to apply suction to the needle until 
marrow appeared. Tissue preparation: i) Prepare a film: A drop 
of bone marrow was placed onto one end of the smear slide. 
The spreader slide was placed at an angle of approximately 
30‑40° in front of the drop and slid backwards until it came 
into contact with the sample drop. The spreader slide was 
advanced forwards, generating a smear with a feathered edge. 
ii) Smear staining: The smear was first dipped into methanol to 
fix the specimens and subsequently placed in Wright's‑Giemsa 
stain (Beijing Solarbio Science & Technology Co., Ltd.) for 
10‑15 min for staining at room temperature (20‑25˚C). The 
smear was next moved to a mixture of Wright's‑Giemsa stain 
and pH 6.8 phosphate buffer for 5 min at room temperature 
(20‑25˚C). After the staining step, the smear was given a 
quick rinse in distilled water and was allowed to dry before 
cover‑slipping. iii) Microscopy detection: Olympus BX53 
(Olympus Corporation), Magnification, x100. HLH was consid‑
ered due to the presence of mononuclear and phagocytic tissue 
cells in the bone marrow (Fig. 1). However, the recovery of 
renal function was not obvious after hemodialysis. To further 
clarify the etiology, a renal biopsy was performed on the 11th 
day of admission. Kidney tissue Preparation: Tissue for light 
microscopy (LM) was needed to keep the specimen in the vial 
of 10% formalin (Sigma‑Aldrich; Merck KGaA) for 12‑24 h. 
Regarding electron microscopy, the cortex with glomeruli 
(cut 1‑2 mm from each end of the core) was placed in the vial 
that contained 2.5% glutaraldehyde solution (Sigma‑Aldrich; 
Merck KGaA). Kidney tissue sectioning: The specimen was 
processed through dehydration, clearing, paraffin infiltration, 

embedding and then sectioning the paraffin blocks at a thick‑
ness of 2‑3 µm. Kidney tissue staining: For light microscopy: 
Hematoxylin and eosin (H&E) staining kit (Beyotime Institute 
of Biotechnology) and Masson stain kit (Abcam) were used 
for the staining. Image examination: Light microscope x400 
(Olympus Corporation; BX53), scanning electron micro‑
scope x700 (Hitachi, Ltd.). The glomeruli presented with 
diffuse minor lesions, a high number of microthrombus forma‑
tions (5/11) and moderate tubulointerstitial lesions (Fig. 2). At 
this point, the child met the HLH diagnostic criteria and was 
consequently diagnosed with HLH complicated with TMA 
kidney damage. 

Following HLH diagnosis, dexamethasone was admin‑
istered according to the 2004 diagnostic and therapeutic 
guidelines for HLH (2). Due to the patient's age, immunosup‑
pressive agents were not used. On the 14th day after admission, 
the patient's body temperature returned to normal and hemo‑
globin and platelet parameters were stable. On the 21st day of 
admission, serum creatinine levels was gradually decreased 
and the dialysis catheter was removed after six cycles of 
hemodialysis. The results of the auxiliary examination and 
treatment are shown in Fig. 3.

The cause of HLH in the patient remained unclear. Thus, 
genetic testing was performed. Within the whole‑exome 
sequencing detection range, there was a variation in the 
LYST gene. However, no disease‑related mutations were 
detected (Fig. 4). A follow‑up examination after 18 months 
showed no sign of HLH recurrence and that serum creatinine 
levels were in the normal range. 

Discussion

In the present case report, an infant was admitted to Anhui 
Provincial Children's Hospital with a persistent fever for 
7 days. Laboratory tests showed anemia, thrombocytopenia 
and AKI. Initially, sepsis combined with multiple organ 
dysfunction was diagnosed, but detailed examinations did 
not support the diagnosis. Following renal biopsy and bone 
marrow aspiration, the diagnosis was clearly shown to be 
HLH. Although the clinical presentations of the patient were 
atypical at first, the infant met six indicators of the HLH‑2004 

Figure 1. Bone marrow biopsy findings. Microscopic findings from bone 
marrow aspiration indicated phagocytosis of neutrophils by macrophages. 
Wright‑Giemsa stain. Magnification, x100.



GUO et al:  THROMBOTIC MICROANGIOPATHY AND HEMOPHAGOCYTIC LYMPHOHISTIOCYTOSIS4

diagnostic criteria (2) on the 12th day after admission. Patients 
may not have all these clinical features on initial presentation 
and features may be accompanied by other symptoms, making 
diagnosis challenging (3).

In the present case, the initial increase in fibrinogen may 
be associated with the hypercoagulable state of the child, and 
fibrinogen levels decreased in the recovery stage due to the 
hypercoagulable improvement. Moreover, the reduction of 
reticulocytes at the acute phase and the rise during the recovery 
period may be associated with myelosuppression. In the present 
case, no spleen enlargement was noted during the course of 
treatment, which differed from the majority of HLH cases (2). 

In the present case, rheumatism and tumor were excluded 
through the results of the examinations. Echocardiography 

did not show coronary artery dilation, and the patient did not 
present with Kawasaki‑like symptoms. Moreover, although 
ganciclovir can induce AKI (21), the patient presented with 
renal dysfunction prior to ganciclovir treatment. AKI caused 
by prerenal and postrenal factors was excluded, as the patient 
did not show any signs of volume depletion and urinary tract 
obstruction. Atypical hemolytic uremic syndrome (aHUS) 
has many similar clinical features with HLH accompanied 
with AKI and TMA. According to the latest classification 
criteria presented at the KDIGO Controversies Conference in 
2016 (22), >50% of patients with aHUS have an underlying 
inherited and/or acquired complement abnormality, which 
results in dysregulated activity of the alternative pathway at 
the endothelial cell surface. In the present case, aHUS was 
not considered to be the diagnosis, since the complement C3 
and C4 of the patient were in the normal range, the number of 
reticulocytes were reduced and the broken red blood cells in 
the peripheral blood were normal. The prognosis for aHUS is 
poor, as the disease will advance to end‑stage renal disease 
within 2 years of presentation in the majority of patients who 
do not receive effective treatment such as eculizumab (22). 
During the 18‑month follow‑up, the renal function of the 
patient was normal, which indicated that the diagnosis of HLH 
with AKI and TMA was correct.

The accepted treatment protocol for HLH is based on 
2004 guidelines (2), in which dexamethasone is recommended 
as the main therapy, while etoposide (VP16), methotrexate 
and cyclosporine A are major components of the treat‑
ment regimen  (23). Additionally, hematopoietic stem cell 
transplantation  (HSCT) is recognized as a recovery treat‑
ment (24). The main treatments administered in the present 
case report were dexamethasone and specific supporting 
therapy. Immunosuppressive agents were not used due to the 
patient's age. Supporting therapy, including dialysis and IVIG 
were administered and the clinical signs of the infant progres‑
sively improved. The present treatment protocol was in line 
with previous reports (25‑28), in which immunosuppressive 
agents were not used and the outcome was also satisfying. 
Haytoglu et al (29) reported that patients with secondary HLH 
were treated with corticosteroids, IVIG and physical exami‑
nation without chemotherapeutics and that hospital survival 
rate was 100%. Therefore, the present case report presents 
evidence for the potential benefit of these therapeutic proto‑
cols, in which glucocorticoids (dexamethasone in this case) is 
the first‑line drug and IVIG is recommended to all patients 
with HLH. As for the use of immunosuppressive agents, all 
clinical conditions should be taken into account and integrated 
and individualized treatments are hypothesized to be benefi‑
cial to patients. 

In order to search the existing clinical cases of HLH with 
TMA, ʻhemophagocytic lymphohistiocytosisʼ and ʻrenal throm‑
botic microangiopathyʼ were used as key terms when searching 
the PubMed database (https://pubmed.ncbi.nlm.nih.gov/). 
Clinical features of HLH with TMA in previously reported cases 
are summarized in Table I. Aside from the present case report, 
only one other case involving a child was reported, and the male 
to female ratio was 1:1. One case was infected with CMV, one 
case was infected with EBV, two cases were organ transplant 
patients, one was infected with parvovirus B19 and four cases 
were idiopathic. AKI was present in 7/8 cases. Proteinuria was 

Figure 2. Kidney biopsy findings. (A) Light microscopic findings show capil‑
lary lumens filled with fragmented red blood cells. Hematoxylin and eosin 
stain. Magnification, x400. (B) Light microscopic findings demonstrate tubules 
focal moderate atrophy and renal tubular epithelial vacuoles and particle 
denaturation (Masson stain; magnification, x400). (C) Electron microscopy 
(magnification, x700) findings demonstrated that the density of the segment 
inner tectorium of the glomerular basement membrane became thinner.
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Figure 4. Sequence trace of WES in genetic testing. The first chromosomal location of LYST variant of this patient is in Chr1:235929469, the nucleotide 
change is c.6031 (exon21) A>G and the protein change is p. I2011V (p.Ile2011Val) (NM_000081). The second chromosomal location of LYST variant is in 
Chr1:235972624, the nucleotide change is c.1494 (exon5) A>G and the protein change is p. R498R (p.Arg498 Arg; NM_000081) LYST. LYST, lysosomal‑traf‑
ficking regulator; WES, whole exome sequencing.

Figure 3. Body temperature and laboratory findings of the patient after admission. (A) A line graph indicating that the body temperature of the infant returned 
to normal at the 13th days after admission. (B) A renal function line graph demonstrates that CRE and eGFR stabilized to a normal range on the 21st day 
after admission. (C) An index of infection line graph indicated that the antibiotics were effective. The patient received antibiotics on the first day of admis‑
sion. (D) Blood routine tests show that HB and PLT were stable at 22 days after admission. T, body temperature; eGFR, estimated glomerular filtration rate; 
CRE, serum creatinine; CRP, C‑reactive protein; PCT, procalcitonin; HB, hemoglobin; PLT, platelet.
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present in 5/8 cases. Dialysis was required for three patients and 
plasma exchange was required for one patient. Glucocorticoids 
and IVIG were administered in all patients. Immunosuppressive 
agents were only applied in two patients. Seven patients recov‑
ered and one patient succumbed to the disease.

One Japanese study reported that Mucor infection was 
associated with TMA in HLH (32). There were three cases 
of clinically‑diagnosed HLH complicated TMA which did 
not undergo biopsy (33,34). Bae et al (30) reported that TMA 
in HLH may occur with greater frequency than previously 
known, since diagnostic biopsies have rarely been performed 
in patients with HLH. If AKI occurred in patients with HLH, 
it is recommended that clinicians should also observe whether 
TMA is present in the patients as well.

The present case report hypothesized that the cause of the 
AKI was renal TMA, as the renal biopsy showed red blood 
cell debris obstructing the glomerular capillary lumen, severe 
tubular focal atrophy and microthrombosis in the arterioles. 
TMA is a histopathological lesion of the arteriole and capil‑
lary thickening, including intraluminal platelet thrombosis 
and vessel obstruction (17). In TMA pathogenesis, endothelial 
injury is a key factor in the initiation of microemboli forma‑
tion (35,36). The mononuclear‑macrophage system is activated 
under the action of cytokines, releasing free radicals and 
proteolytic enzymes, resulting in endothelial cell damage 
and inflammatory reactions, thereby triggering TMA (30,33). 
Similarly, systemically‑activated lymphocytes and macro‑
phages and overproduction of highly elevated proinflammatory 
cytokines in the circulation such as IFN, TNF, IL‑6 and macro‑
phage‑colony stimulating factor are pathogenetic characteristics 
of HLH (6,37). The immune dysfunction in TMA and in HLH 
has some overlap in pathophysiology, and clinicians should be 
aware of TMA when patients experience AKI with HLH.

Infections, malignancy and autoimmune disorders are 
the main causes of the secondary HLH (13). EBV is the most 
reported infection (3,38), and several studies have reported 
that infections of CMV, herpes simplex viruses  1 and 2, 
varicella‑zoster virus, roseolovirus, Kaposi's sarcoma‑asso‑
ciated herpesvirus and Parvovirus B19 have been detected 
in secondary HLH (13,25,26,39). However, the present case 
report involved blood EB virus antibodies, nucleic acid detec‑
tion and renal tissue EB virus antibody detection, all of which 
were negative. Moreover, the present case report also excluded 
EBV infection, malignancy and autoimmune disorders.

Primary HLH is generally combined with clear familial 
inheritance or genetic problems, where it most often presents 
in the first year of life as an autosomal recessive disorder 
due to homozygous mutations (40). The annual incidence of 
primary HLH in Sweden is 0.12‑0.15 per 100,000 children per 
year (41). There are different types of familial HLH, including 
familial HLH types  2‑5, X‑linked lymphoproliferative 
disorder type 1, Griscelli syndrome type 2, Chediak‑Higashi 
syndrome, X‑linked lymphoproliferative disorder type  2, 
mutation of the Nod‑like receptor family, caspase recruitment 
domain‑containing 4, lysinuric protein intolerance and the 
mutation of heme oxygenase 1, whereby the associated genes 
were PRF1, UNC13D, STX11, STXBP2, SH2D1A, RAB27A, 
LYST, BIRC4, NLRC4, SLC7A7, HMOX1 (13). LYST gene 
mutation may lead to pigment abnormalities due to abnormal 
melanocyte granules (42). It is worth noting that there is a 

variation in the LYST gene in the present patient, which can 
cause Chediak‑Higashi syndrome (13), but most variations in 
the LYST gene are harmless to primary HLH (13) and there 
was no evidence demonstrating the association between LYST 
and this disease. The association between the LYST gene and 
hemophagocytic syndrome is still ambiguous, so at present, 
the etiology of HLH in the patient is not clear. Further analyses 
have demonstrated that ~15% of patients with adult HLH 
harbor mutations in familial HLH genes that may serve as 
predisposing alleles for the development of HLH, though still 
in response to typical triggers (6). 

Few large multicenter research studies have addressed 
the prognosis for children with HLH worldwide. A previous 
study (6) found that the survival rate of patients with HLH 
was only 10% before immunochemotherapeutic treatment 
strategies were administered, and once the HLH‑94 guidelines 
were applied, the five‑year overall survival rate was 54%. 
Nandhakumar et al (3) revealed that 77% (35/45) of children with 
secondary HLH recovered completely; however, all 13 patients 
with primary HLH died, despite the therapies administered 
according to the HLH 2004 protocol. To date, primary HLH 
has lacked effective treatment, and HSCT is recognized as the 
only viable treatment option to physicians. The latest clinical 
trial demonstrated that emapalumab is an efficacious targeted 
therapy for patients <18 years with primary HLH (43).

The present case report suggests that clinicians should 
consider TMA in patients with HLH with AKI. The major 
limitation of the present case report is the unknown patho‑
genesis of the disease. Since the genetic testing was negative 
and the follow‑up inquiry into the child revealed that he had 
recovered, the cause of HLH was suspected to be an infection. 
However, the specific pathogenic microorganism causing this 
was not found, therefore, the present case is likely to be one of 
idiopathic HLH.
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